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DESCRIPTION SUGAR CHAIN-RELATED GENE AND USE THEREOF
5 Technical Field The present invention relates to inhibitors of fibrogenesis
at the physiological tissue level by inhibiting sugar chain-related genes.
Background Art 10 Intensive studies have been conducted on nucleic
acids and proteins, revealing many findings. However, these studies also
showed that there are only about 22,000 human genes and also that
post-translational modification of proteins plays an important role in vivo.
They also suggested limitations oPESRRSRTIGNYI study approaches. In
recent years, the importance of sugar chains has been rediscovered with
the post-genom stpretepmi the i Hﬁ# %.lre"
extensively featgtrg%qs}ﬁgar chains inci\%b %%lﬁg’%%ﬁn pri g , 2007
(Non-patent Documents 1 to 7). Sugar chains have not been analyzed
relecause of the difficulty to perform structural analysis, etc.

Althoudh#eysareiassunind b MYaed 1T 68RGRAHBHATMAIOBIogical tissue
F@@U?H%Wﬁ 'BIE&I%%%&% ggggg@nt, little is known about their roles
claat

and such, and thérefore, elu Ion Is being awaited. 20 There are
various known sugars (monosaccharides) that constitute sugar chains.
Bagkpramdvivt sugars include, for example, glucose (Glc), galactose (Gal),

manno%&&M@@b@ﬁi&@g@e i&e%@&x@ﬁl&fd%r) ni@i@&@%&%&b@%hsf%@e%%mg many

g | ] -%C T 0 mlge Ca OICII .
@%ﬁyéﬁ&@gﬁﬁ 3%)&% .ci?%‘%&iﬁé%%ﬁﬁ A _E%X\I:::é aé)u%z(%‘)ﬁ)i?“ma“ genes and
%Eﬂfﬁ@‘rﬁ?&?‘é{aﬂsﬁéﬂé’r&éEl?ﬁigiﬁéwhoﬁyrm@a&é?@mwmﬁtmwﬁm§hey also
arEzsipldonitetiang bl varetytohahindicaimadificatin Az Ruchrgheeiiapbrtance of sugar
o s i i AU L, Y v

d | | , Upl I | , . |
B R L Rt Al (Nonecns
RRATHESih I AlioPr SRS R RSy Zi dnisyrainbecause of the difficulty to
prafactospation Aadtosy tioAlthndhntennesytatioed 30-Sugarseiayeaacer,

inaskeseis E@&ﬁﬂf@,%%%ﬁ%ﬁ! éﬂ:oﬁf '51%@9&1?1&1%&%%&8'90&&!%&? WL and such
%khg{h%rlgtl(\)léce uacndbt? %hegéigali%mo ified in any of carbons at positions 1 to
tis repé)rted1 that other s%garlseare also chemically-modified at various

sites. [NOR e OBt HrABR ST RImeaTSacCate) Ahr) Dasithe s@i, chains. Such
INafmeup4s:i1000:1007x(2087 )18 (hipataniRecurmBhehohrigieRh&lucuronic
ahid RINQIERUXES. o H@Aﬂ%cggqgﬁlgjg%ma dfé'l%‘ﬂ-t rE'3t!1glLlcu:)saJmIne
Rogumsnt 3L Garald e, Hart gt al,, Nature 440- >9%né&%§a%?%§§ )

Furthermore, it has been reported that sugars constituting sugar chains are subject to a

cl

variety of chemical modifications. Such chemical modifications include, for example,
methylation, acetylation, formylation, myristoylation, amidation, ubiquitination, acylation,
phosphorylation, epimerization, and sulfation. Examples of chemical modifications also include
sialylation, asialylation, fucosylation, glycosylation, galactosylation, lactosylation, and
mannosylation,

Sugars have a number of sites for such chemical modifications. For example, it is
known that GleNAc can be chemically-modified in any of carbons at positions 1 to 6. Itis
reported that other sugars are also chemically-medified at various sites.

[Non-patent Document 1] Danica P. Galonic and David Y. Gin, Nature 446: 1000-1007
(2007)

[Non-patent Document 2] Christopher J. Thibodeaux ez al., Nature 446: 1008-1016
2007y
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[Non-patent Document 4] Ajit Varki, Nature 446: 1023-1029 (2007)
[Non-patent Document 5] Joseph R. Bishop et al., Nature 446: 1030-1037
(2007) [Non-patent Document 6] Christopher N. et at., Nature 446:
1038-1045 (2007) 5 [Non-patent Documeént 7] Peter H. Seeberger and
Daniel B. Werz, Nature 446: 1046- 1051 (2007) Disclosure of the

Invention [Problems to be Solved by the Invention] 10 The present
invention is based on a new finding obtained through studies on sugar
chain-rétgedapnéscanasbiddiveldthEpteseht Nerentich: S0 R d2007)
novel ugesngfastig @ochaif-1glalrd genessSpaaiicabs. ibexbiretve is to
provide 1 ' negsis at th siological 1 ley.

By I e B P M ae o R )
screenﬁ%ﬁ%?atﬁﬂté)é’éﬁ?%@iél[ﬁgﬁﬂ?}?ﬁ?%tﬂ{/ﬁl{g roHiehi3F SBEAk2007)
chains Ravetsean Beguesict Potpldl SevbeeimputidmticbRe Wariydiature 446: 1046-
Howewarlittle is known about the in vivo functions of sugar chains. As
described above, several types of sugars constituting sugar chains are

500}$n. 20 Sugars are variously chemically-modified at multiple sites, and

teett considered to assume important physiological
Bifelmintvivo Salsedésclibdd aisoud, there are various types of sugars that
constitufBesHERhCHAREAEBYsAYBES @&WWHQ&%@ hatdargShear
SHERL AL R0, ChALOR PRI GANON LRI NESHIBIR O bses of sugar
Suggests that possibie Sugar Charm VAFAtons ars inHUerabia. Thissipisue

SRR o WERTAHE BoRjarteRatiemavideanenis falasppespiinogenesis at
ol ehwidicisshisoweitrehinlynidifivgtio fiewdah thisuglatinrshindogtnern and

pathaloaierlcanditignzawsed by a disease and a specific action of a
sugar chain. The present inventors conducted dedicated studies, and as a

result succeeded for the first time in discovering that tissue fibrogenesis
RArepefelpyrdssdy Brdblempiysiological level by 30 inhibiting sulfation at
positiorbdger G:oh GaiM Acresstigarthatpbonsiituidamsogat eflains:vo. However, little

T UHheH RS, hY stidiesusing ggg%(g}@mal disease models, the present
inventoly_@sgeemr%% tr%ted that inhibitors of sulfation at position 4 or 6 of

GalNAC Produce therapeltic effucts Agamat “AE5LRe SarR&aHy Asstrown.

g SFroE s shenbratieme difissrdlery timssipre sad sibemibicesienesrto

agengdhat suppresyiibrogenetisgtihefpbysiolegical 35 tissue level by

INhIbItNG AR HALAR Dot MR eipled Aees ALIEINRASOL: dhins, many
creening I]ilor al”ﬁ% (%%gﬁ(smsgg%q[g}ceagl i the Frr\%sent invention pro_\{_l s:3

f}ﬁ 3 tissUe Hbrogenesis suppres nggl&&ésn ARy ORpiRaeRegigation sites in the

THERE i SRS ARERASHH fest ppssible sugar chain variations are innumerable. Thus, it is very

difficult to determine a sugar chain structure that plays a certain role, and it is also extremely
difficult to reveal the relationship between a pathological condition caused by a disease and a
specific action of a sugar chain.

The present inventors conducted dedicated studies, and as a result succeeded for the first
time in discovering that tissue fibrogenesis can be suppressed at the physiological level by
inhibiting sulfation at position 4 or 6 of GalNAc, a sugar that constitutes sugar chains.
Furthermore, by studies using various animal disease models, the present inventors demonstrated
that inhibitors of sulfation at position 4 or 6 of GalNAc produce therapeutic effects against
diseases caused by tissue fibrogenesis (tissue fibrogenic disorders).

The present invention relates to agents that suppress fibrogenesis at the physiologicat
tissue level by inhibiting the functions of sugar chain-related genes, and methods of screening for
the agents. Specifically, the present invention provides: |
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sulfation at position 4 or 6 of N-acetylgalactosamine; [2] the agent of [I],

which has an effect of suppressing fibrogenesis of a physiological tissue;

[3] the agent of [1] or [2], wherein the inhibitor has the activity of inhibiting

the function of a 5 sulfotransferase that #ransfers a sulfate to position 4 or

6 of N-acetylgalactosamine; [4] the agent of [3], wherein the inhibitor is an
SiRNA that suppresses the expression of the sulfotransferase that

transfers a sulfate to position 4 or 6 of N-acetylgalactosamine; [5] the

Hgentarfepgarevrunenssairsingbitoiisnogesulfatintae irgmevietat inhibitor of

degidatepatitipaditen & di-aail-asatyligalastosamine; 10 [6] the agent of

27ynen eff &%1 P @iéﬁ hIEAINEOr E%iéﬁ&%g&ﬁf%%g iy oqlg’oﬁlﬁ/l%{cﬂlg%lﬁal tissue;

&E\eoa ﬁ?rft%fé?fm for a tiss e,flb,ro}%ene&s suppressin -_ag% t, whrch

ggemprl es Pég % F&B’u}% nhig 586%@?&5??&%Bﬁgi\?ﬁgt&)%%mctm of a

PosTHaRs Brateahst RandandgulfedsaviitenHaer 6oridfinnesl gbuganahain;

[8] @eragihiod (¥ seteesmingdamabiissued BIRYLNBHS HHPRISS IR 3888 hn of the

whishcomRoses e ARRS. 4Rk @shentacting atest campound with

-acetylgalactosamine or a sugar chain comprising N@ ’

g&@i\?@é “c‘%céljﬁﬁ %5: TR AR Y R ds delfrudi e marnr Bepistigria at

prsgiot foadeigatattashminsenimsd (c) selecting a compound that

Isdtieagethefiagiaee of Rulalivrascamparesdawngen Hedashc R order;

{?ﬁ @ngﬂﬁgb% 5&9&389@%8%&8&1 ﬁb% tehgglsoguscrr%sesnm—% fo{taughslstl{l(g mprises the step
[ roge,ness suppressing-agent, whic comp?ses% §fep‘s of (& ‘

%ﬁ%ﬂ?ﬁ it £ TSR R AR A it ansinadotha dhpastelsaiegammne that

tongbisitten Wear 6heinN-acetylgalactosamine; 25 (b) determining the

By lkatransierbsecacty ity of e SABIRE: A0S SRISEIReR CAMPESRARL. steps

geduces the activity as compared to when the test compound is not
contacted; [10] a method of screening for a tissue fibrogenesis

@ SETESERRAAGEMRIRARER WHDrisey rdaespaise B0 mpEoRaRaAY it N-
wotpelaatbwiting cell expressing a gene encoding a sulfotransferase that
raastars: '_ﬁ%ﬁ@&éﬁ?@@§&iﬂ:ﬁtﬂ>ﬁﬁ %1%@@%%'?@5%?@@%%%‘@?m% and
ining the expression, level.of the gene in.the cell; an selecting a
e A S R D e Rt et o
OB HRG B “BAPEtind is not contacted; 35 [11] a method of screening

[Bramigbokdibrogemesis suippresbingeagensupdickiqomaprisesidhe:cstgpses the steps
& 4

(a) contacting a test compound with a sulfotransferase that transfers a sulfate to position 4 or 6 of
N-acetylgalactosamine;

(b) determining the sulfotransferase activity of the enzyme; and

(c) selecting a compound that reduces the activity as compared to when the test compound is not
contacted;

[10} a method of screening for a tissue fibrogenesis suppressing-agent, which comprises the
steps of:

(a) contacting a test compound with a cell expressing a gene encoding a sulfotransferase that
transfers a sulfate to position 4 or 6 of N-acetylgalactosamine;

(b) determining the expression level of the gene in the cell; and

(c) selecting a compound that reduces the expression level of the gene as compared to when the
test compound is not contacted;

[11] a method of screening for a tissue fibrogenesis suppressing-agent, which comprises the
steps of:
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(a) contacting a test compound with a cell or cell extract containing a DNA
wherein a reporter gene is operably linked to the transcriptional regulatory
region of the gene encoding a sulfotransferase that transfers a sulfate to
position 4 or 6 of N-acetylgalactosamine? (b) determining the expression

level of the reporter gene; and 5 (c) selecting a compound that reduces

the expression level of the reporter gene as compared to when the test
compound is not contacted; and [ 12] a method of producing a
(ShepRizcgcarcEmpositortor raivglbepreventiaipadipidyéniderein a reporter
giseidepemblichrtemnprisesdheryiepaol daheelocting artissuenfibrogangsis

ﬂ%ﬁé%%e@%%&%%ﬁ@ml}% Hadsy dbe sethod.pf ANy, 49.one of
%éi s7ta11; and (b b|n| e agent with a pharmaceutically
ce

STApTREs Pﬁgﬁip é?ﬁ?&?’?raggﬁep?‘ﬁ‘ ides: [13] a method of
@&WF@%@&@%W@@%Q@@ mm@@mpmglsoﬂtéesmpm gene as compared to
atmitistesingmaibunhibiier ohtutéatieniat position 4 or 6 of

Hzﬁ%‘?&!ﬂ@é@ﬁt SANING %@z&ﬁa@éﬁw&o I A SS e @g'&%b'}é{! ok 12 2 fibrogenic

of N-acetylgalactosamine in t NUTACLUT

% aétlon % Eosmon 4 or

e T @8%&?% SFR8Shg-agent; and [15] an inhibitor of sulfation

@) pdettion AtepE EhNEaelyigabctssaragretipudesinsuppresdinghdisstied of any
Hirogenpsis: R0 Brigf Description of the Drawings Fig. 1 shows the result

@ngﬁgﬂ{g@{g@r é’%ﬁ%&{%@%ﬁﬂﬁé&ﬂzﬁ@ gn n}ujy gllform%ene expressions of

cardiomyopathy model mice in whic opatchy was induced by

intratrac HE BT SAMINRIFSAGH OPIIBXSThe examined items were
Galnnahsl 65T mpsessingi RNA figetmeiseyvant casgivigesahel siypef administering an
mﬁt&gﬁwbﬁx&a@fnwm@mmi&reg@mﬁﬂw@l&@{@&m eaRfindigates 25

[atios betwe ene.
I SR 6%’%%@% S o o e A S s e
ReavaRg B S ?19\/’% GrATERS Wﬁﬁﬁmﬁ?ﬂmodel mice in which
Cardiomyitpathyf svistimdagedibynidtraperitorealyadinimstratierioofise in suppressing
RPaxenkigineiydrochloride (DOX; Kyowa Hakko). *P<0.05 (t-test) Fig. 3
depicts photographs showing histological observations indicating the
supresswe effect on 30 ‘type | collagen deposition in an siRNA-treated

i AYIEES del mice in which cardiomyopathy was
Elaubéd)hyﬂmmm%mhauhaummm&@pﬁo]ﬂiEMﬁgmﬂ@&tqms &00essions of

faldidrigefhlopicte PARIOGrARkS %@W ? iS91QQICALORERY ANORS cheal
%%%%:[mag t?} dtSH ﬁlve eﬁe%tdqp BF I aiiuﬂu %g gg }%Ec’ %Onggﬁ target gene, and
freste roup of cardionmyopat y oder mice’| ch 3 Bet g

B afniye pathy srresHobrB @ Thyeh atpdEnearainmisteationie Do Xndinetes
m]agmfmatmhetwé@& tiolptt Bene and a house keeping gene (ribosome 185). *P<0.001 (t-test)
Fig. 2 shows the result analyzing the heart weight/body weight ratio of cardiomyopathy model
mice in which cardiomyopathy was induced by intraperitoneal administration of Doxorubicin
hydrochloride (DOX; Kyowa Hakko). *P<0.05 (t-test)
Fig. 3 depicts photographs showing histological observations indicating the suppressive effect on
type I collagen deposition in an siRNA-treated group of cardiomyopathy model mice in which
cardiomyopathy was induced by infratracheal administration of DOX. The magnification is 100
fold.
Fig. 4 depicts photographs showing histological observations indicating the suppressive effect on
type 11l collagen deposition in an siRNA-treated group of cardiomyopathy model mice in which
cardiomyopathy was induced by intratracheal administration of DOX. The magnification is 100
fold.
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Fig. 5 depicts photographs showing the suppressive effect on fibroblast
accumulation in an siRNA-treated group of cardiomyopathy model mice in
which cardiomyopathy was induced by intratracheal administration of

DOX. The magnification is 50 fold. Fig. 65depicts graphs showing clinical
features of a mouse intestinal fibrogenesis model, in 5 which intestinal
fibrogenesis was induced by DSS. The administration of GaINAc4S-6ST
SiRNA resulted in significant reduction of clinical score (left) and colon
Sivoftdpirss (plghopriigs Thoepigtsographs shewlfegt thefdwgiRssiotushlation in an
firnoganasis-selated apmeniRRAIOUSEINigst ﬂ%ﬁi@ﬁ%&%ﬁg{%}%ﬁ induced by
GRINARES BRTand & SMA and fyne. Leallagen, bojf ot wnich are.
fibrogenesis markers, were assesseraaﬁ)r e exﬁ?ess% in colonic tissue.
TReOIEIS FRRRaBOTOR el rBss sf papnusctirgaingbilreavdesihmade, in
kapingegare fibgsorsie w8Shdide ey \Da@SceThexpragsianaf dypeiNAc4S-6ST
ﬁ@ﬂ@ge&&i@‘&ﬁ@%l&@%@x&%ﬂéﬂ%ﬁ@%@@éﬁﬁ%@'étﬁéﬁgﬂo e%hs%gight).

ressed due to the.silencing effect alNAc4 T SIRNA (u T
%%?%%%ﬁ%%ag ofographe %ﬁ%%v?ﬁ%"%&ﬁ%%éﬁ%%%%'ﬁ? Fihesifidtiggnouse intestinal
frresarsnTiBretsenEal Aot TirteSdMamtonestaiedesototiiofissimsare
{ishogynarenmagnifiationsist0ialt: SALMASAS AHobS TsRNAEQGMIRSndicate
therellaaendenasitiondn ssues ﬁagu&qi@aﬁg POIAAIARAS %E@IM?QE enhanced

nal fibrogenesis. Images

gibrrog)sl%sﬁt i? iItrggig0 1in a ?\%J%eﬁmodel or intes , |
T StaIned fiDroblaStE By SROBIORTE feSuls (T SRigHMitign iatdy

forprassd discto SeemsimaefiestpifraBiasAhes flIstRiSkn@ssenfiltration of
Filgréblastes bigtddagepittsvipaiaiiaphzshoningimages ekaasianhagSesis model,
B oA & NauREIIRRHOAL R REONCRESIR, MOl IAY8S A" URdacas.
%nge%sé%r%%w colonic tissues, Mag_nlfl ation: 100x.
@al CASTET SIRRPAGTP SFELEESHR YeiiShickness infiltration of
Fact8ppisigebomigranhs depiing Bbepbisk sHBtwitgttlemiengthsdel Hnmousimal
iittegtinaifibingesnesisdned ab-BRNABAST)SIRNA SIOMECAN Y SHRRESSESn is 100
salorahedenings a2 deieisahplographashowing. lnicaldmages of &
1oyse, emphysema model, in which 25 emphysema was In _ucec? y
HB R0 AgRs PASRTRP PR RIS S GhRRSARYASE fhiksion the mouse intestinal
fitsesragiiamdidtu pamessiodwaipathnessarybatirs dlap walinMegritfidastion: MR fication:
Figx 1Gdspicts-geaphirishawipgdhe expressivn-etfibrmasnasishelateflges.
BRNESdABHIANEEMA Idel GalNACIS00T, and a.SMA and
Ac ?é%nggo}%%f which are filbrogenesis mar ers, Were"asses _8
%@%ﬁ GANEHRPIRSST e aThRhBABHE 30 indicate relative
Figids Penivearreicazapds sevérgriidcabuseteehingogenenfrityesamecti8Sik which
Fhehysehanesthaxyess ipmofdy%-tl @mgmmgfg@m?%gﬁé%% %@f&ses the
! e silenc ect of | -1 Si
e i & mouse
ﬁ%;?ﬁyif ' FRESISheRiing 4R GRRteH el MBI aSSIbrewAY Bvisslimemyse
tinphessv aepdifl c &l NAZB0% STHBT - SBAsiRMNAsUppibese hhreblasth are
filisation nteltkhe, M@%M@Nﬁ@@é)&ﬁ%@&rﬁﬁﬁ ' &ﬁ%n&@ HCRICLS The graphs
%E%aggg%%]ﬁgeﬁgﬁwB&Me%gaetgrggztng@h%r%%] g gdsneflkgg'pt{gg glgng rioousgzene 185). The
enhanced expression of type I collagen (middle) and o-SMA (right) is significantly suppressed
due to the silencing effect of C65T-1 siRNA (left).

Fig. 14 depicts photographs showing fibroblast infiltration in a mouse emphysema model.
Images of stained fibroblasts (brown) in pulmonary tissues. Magnification: 200x. C6ST-1
siRNA suppresses fibroblast infiltration into the pulmonary alveolar interstitium.

Fig. 15 depicts photographs showing images of macrophage infiltration in a mouse emphysema
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6 model. Images of stained macrophages (brown) in pulmonary tissues.
Magnification: 200x. C6ST-1 siRNA suppresses macrophage infiltration
into the pulmonary alveolar interstitium. Fig. 16 depicts a graph showing
static lung compliance (Cst) in a mouse @mphysema model. C6ST-1
siRNA significantly reduces Cst. 5 Fig. 17 depicts a graph showing the
right lung volume (I) in a mouse emphysema model. C6ST-1 siRNA
significantly reduces lung volume. Fig. 18 depicts graphs showing the
wrpebskivacobfibogehesiserbiatedigenesinpalmause temphydesmiitancel 200x.
@GSMIP\siMI?Q l;ﬁ@{@%@n@aqu@%-@mi'eﬂtﬂ@ éﬂ@rg%]&eﬁéi? %R@B@rﬁx%é’yﬁfﬁm.

SS r the expression in pulmonary. tissues. The graphs indicate '
%e%é%%%g, é%%g Blgg%\}ee%\%mf(ft?grcq et geneand a @()%L?Slél ﬁé%opl?\egeﬁlé’ﬁ sema model.
%gébﬁ‘@%g%nﬁfﬁé@ﬁiﬁéﬁﬁéﬁiskpression of each fibrogenesis marker is
Bignificapitys supprbssedinuddoighelsilencing efferind LalNASDRySIRN Aodel.
E@Tlpmggﬁg@gﬁy%gw@%%@d%g compliance (Cst) in a mouse

IRN

mphysema model.. GaINAcST siRNA significantly reduces Cst, Fig. 20
B B S NG DR e B s

PR eI atN A SYLAIRINA! srjifgrmAty FSHiiBewhisippuofimmestRigs Rarkers, were
gdoepigtd farghaphsbowing pliesitnehBngss Tha meusamiipe:2-tHahetesos between a

e 1 akho T RO i W72
m?%ﬁ-é_ 21%%1 9?81%3%%%’\?3&%&6%0%@'%&%&@%&&8@95?&%@?8?'&}?/@

SL-2and C4ST A%f produce C? Si ni%?an anti-obesity e ect.éﬁ?lqsgr _
FePIcts B Graph SROWAG et rati<thheR it & hsineeetlskos G SIRNA.
R dé| depipsagrapl susnostaitd\ng STplitri ASssignifivansheinybiovaa model,
{Fedtilie 3@ i DIAC e phiificaAB e pigts plotographs showing gene expressions
R PaREEBRYICH ' ' maodel. C4ST-1, CAST-
r;'égggp& fﬁﬁf@%‘ﬁ%@%@?ﬁ?ﬁ b AT
é 23 genes 1855%?5,@%35%%??&? 1§ B4%depicts photographs showing
Rpa hésridnparmipdreraancisiotehnze nioasetyise2ob dikbetosahdd €4S T-1,
CAS T2 2:a(RINA T8 pREsasnthadeppsiion afi AP PAgreemd nislets < @all s produce a

ggﬁ[@%t gggggbgggpgﬁg‘c@tion: 400x. Fig. 25 depicts photographs showing
' rg_tgl st.infiltration in Eanqrea{[jc islets in a mouse type 2 diabetes model.

BT 1S T SR S R RN AL SRS I LRSBREH Rt ARSI R5RedRh) C4ST-1.
fritoTis1ansl MadnifBibys: S20dfcd0:Rigrre dipidts phistogeaphs showing
Riacrophage phfiltation ino-paneiesdieistelsni @ FRAsRicRG 2 HabgIes type 2

5%@%19&(@? 'éﬂf@f@:r C%S@Qg &E:/{1 éZ S§~§i Eiﬁﬁ@%sdl{)fp%%%sﬁr? g‘)gé: CS gg'a %fr gp4 T-1,

?%%%%uon é%{%\{n) into |slets. Magnification: _

¢ R SHEHEP RIS (S Fpe 2 diabetes model. GalNACST
KirRAdapisiirmbriatonitebrodse 4 Maltpositqglucpsectesit sieth aftemnsulinpe 2
nadiegmSpacifieatly: 3EnhisphrueBe WBRSOVRRSN o6 iR #LRISIANEEH nucieus
(red); magnification: 400x.

Fig. 25 depicts photographs showing fibroblast infiltration in pancreatic islets in 2 mouse type 2
diabetes model. C4ST-1, C4ST-2, C4ST-3 siRINAs suppress fibroblast infiltration {brown) into
islets. Magnification: 200x.

Fig. 26 depicts photographs showing macrophage infiltration into pancreatic islets in a mouse
type 2 diabetes model. C4ST-1, C48T-2, and C4ST-3 siRNAs suppress macrophage infiltration
(brown} into islets. Magnification: 200x.

Fig. 27 depicts a graph showing insulin resistance in a mouse type 2 diabetes model. GalNAcST
siRNA administration decreases the blood glucose level well after insulin loading. Specifically,
this shows the improvement of insulin resistance.

Fig. 28 depicts a graph and photographs showing the accumulation of fibroblasts in the
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Fig. 28 depicts a graph and photographs showing the accumulation of
fibroblasts in the 7 interstitium of kidney tissue in a mouse diabetic
nephropathy model. C4ST-1 siRNA significantly suppresses the
accumulation of fibroblasts (brown). Maghification: 200x. Fig. 29 depicts a
graph and photographs showing the accumulation of macrophages in the
interstitium of kidney tissue in a mouse model for diabetic nephropathy.
C4ST-1 siRNA 5 significantly suppresses the accumulation of
PEEE paagds (o iissycegmifica it 00 Eiga8 depidts(satogiaphs
sholingthe.paeunuiiomehaSMAPasidve.aels:inihe IMerstitiim.: ofox.
Ng@d@ﬁﬁ%'&&%ﬁ%&'@g@%ﬁ &?&Qﬁ%ﬂﬁéh% mOdEIﬁoCl:l% %%%rSI%yg%s in the
significantly. suppresses the"accumulation of a‘éﬂ&- 0SItve cofts.
m%&ﬁﬁ%at?éﬁ%éb%?%f:fs%%ﬁmoa%%é@hamﬁav R fibrEehig RNA
sffeifchly monsesdisbetenaphtopatfmarodeizet (hGaNABAEHREHGHIN0x.
BIRNARGMiSH RIS gm'\ﬁ;lﬁa@mé %%Mﬁgﬁ%ﬁ_%@%ﬁ&ﬁﬁf%fﬁ%@@ Rlerstitium
- A, an in Ki ues. ;s
Al ] o, Bt A T O S ST SR e

BRBIY R TSR TP B Aapetiteestisn Magnifipatestiddin of kidney
Higsué denicmoashsdiabvetic mephidibatbsnimetiet: GalMAst F:aST(GHljopathy modet.

Y _éﬂéﬁ@gﬂtﬁ#ﬁjﬂ%ﬁ 33 ﬁﬁ,ﬁl’c}aﬁ ﬁfgﬁh an igrglb&fe@i%l’sqﬁs showirg':lgg\,é@msSiton ot
11l . . S S
e ehtn wotom & S B R o i it
HrRsetEEph y model. GalNAc4S-6ST (G# 1) siRNA significantly
EigopPabsassthergwcem pliztiogr gfhshorapb dgeshorownym Magnitic atioRierstitium of
R e
e collagen in,a mouse di | e opatny model. |
L TSR R e S B Rl et et GO0
Fleme Askirts acerrie ARHTORIBIERES SRS BmYderbairaTar Byttrein sitivieystitium of
Fodrtypessii ioolimgest: (rbwit)nddiagpification: 4 QBN NBig 3690aiets graphs
sbewinaths.reratarplective.efiech Iahefic nephr  200x
R e %éfi?ﬁh PR Non: 2005
O e o P SR R SRR ORI BR AU RRSE, gy Yicaliagen in e
BRI S 6 e RRigHehiy Ipsitin G ReAretfad FInGHON BRotectinni Bfadyimppresses the
fhioksergiabgitimengphsepathy. madel:EaiNeB45: 65 TotGHIHIRMA positivity for type

slonificantiy regsesbsiinerarse of serum creatinine, i.e., suppresses
Eictsﬁgra hs showing gene expression

coline ofenal function, g, 37 depicts aragl |

NS TOLS6 Moder fol tiaBetic REpRISSTNY. 4t Cht RARS fighgigacphropathy model.
Sigjhifiearly S(ppresddsAticeifisanibetixprasssisrroiamipnssion of
GaldAcitSdeR xahd GaiNACAS-BSTdn kidney tissues. Fig. 38 depicts

BrapRY ouingan %I{&r&g%ﬁ%&fo@p%a%@% ahelic neplrapathy

mo %I.a aIN%Téﬁggéil nlfl%agtly, suppresses the enhanced
R T R O T o Ryer P ARSE SPRIGRTEg e s o
serum creatinine, i.e., suppresses decline of renal function.

Fig. 37 depicts graphs showing gene expression in & mouse model for diabetic nephropathy.
GalNACST siRINA significantly suppresses the enhanced expression of GalNAc4ST-1,
GalNAc4ST-2, and GaIlNAc4S-6ST in kidney tissues.

Fig. 38 depicts graphs showing an anti-fibrogenic effect in a mouse diabetic nephropathy model.
GalNACST siRNA significantly suppresses the enhanced expression of CTGF, aSMA,, type [
collagen, and ACE in kidney tissues.

Fig. 39 depicts 2 graph showing gene expression in mice with drug-induced interstitial nephritis.

GalNAc4S-65T (G#1) siRNA significantly suppresses the enhanced expression of GalNAc4S-
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35 Fig. 39 depicts a graph showing gene expression in mice with
drug-induced interstitial nephritis. GalNAc4S-6ST (G#1) siRNA
significantly suppresses the enhanced expression of GalNAc4S 8 6ST
(G#1) in kidney tissues. Fig. 40 depicts photographs showing collagen
deposition in mice with drug-induced interstitial nephritis. GaINAc4S-6ST
(G#l) SiRNA significantly decreases the deposition of type | collagen
brown) in renal interstitium. Magnification: 200x. 5 Fig. 41 depicts graphs
bl ankinsitissenic effect in a mouse UUO fibrogenesis model.
E@Sfﬂ SIRNApsigeifigantijisuipp redsgsithepesitiantesliexprasgiap- GRS Tt2rstitial

e e A e R ot
6?1 ers{etnugﬁn#% F?an?mouseag}%%%ﬁbggﬁ%&s model. C6ST siRNA
%@rﬁﬁ CEAE SpBFebsRe ol St eeemLABROHD FONWrsVIHY (hiibrogenesis model.
mglﬂmsm@[Mlm@@ﬂ&@h@%ﬂﬁ@%@@M1&Q@Ctﬁlg A depicts:an,

megwﬁgwﬁmggmgsge accumulation in the
ter?éﬁlum in a mouse UUO fi ne5|s model. C6ST siRNA

SR & PR SRR BRE S Ol at ASS R L OB i) ierstitium in a
W&@Mf@mgsﬁmm@tltﬁﬁﬁ%am&mﬁy 2QaxeFERY. [iobigsictswnnlation

@@ﬂﬂﬁﬁwﬁ@&QQémﬁ@Qméfmmli@@ﬁmﬁ%aﬂﬁﬂwmmﬁ}fnouse UuUO 15
Qged% §t§ laﬁ%ﬁpﬁ)&gﬂgﬁﬁ §&w{ﬁ%ﬂ5¥r néﬁ%ea%éﬁ%&ﬁ 5“'{3,'{? mn rstitium in

Iome asement m rane, which can be confirmed
sgm%y s e I AT %gaa%mgm of
Wmh@mw;ngwgmmm fibvehissgacddagulbtatidn: 268ues
Mea4miuses W Uebii bﬁ@gﬂﬁ@g@m@Q@Jwﬁéﬁaisg%m&;ﬁigﬂm‘;ﬁmlyhouse Uuo
ﬁHx%%L%éﬁg?hg&@l a%%%qqyi %.1 sa e%lsiélg%nc lsk(?__n':\ 6) ome
al area. Mé{

%tha Iomerular and interstiti catlon e IC s

ST AP R SRS wiT e R %am&@wwﬁ@e%wﬁ Rpe sCﬂ%leﬁ@l (brown).
Mmﬁn@mmrﬂ@ﬁmouse UUO fibrogenesis model. C6ST siRNA significantly

BUP pseﬁsasstjlsmagaﬁyﬁa uiﬂgﬂfﬂgqhé&&vm@fd ?smcp&!zlsios(()b&égmhmd in tissues in a
rskiti ni X
gﬁéﬁ%@%% %ds tl % tF?iRlM/Q glgn Eﬂ’ltaﬁ Sﬁpg]fesses !c:l'\? ac%xmulatlon of

icts photog owmgt e fissue acc type

ws@vaﬁél%éfm‘éﬂhw&fﬁ@g%ﬁsaa a@%m%%sﬁeﬁsw@masﬁnwon 400x.
E@Mﬁc@mtmmpmmmmmmmhmmﬁe&m@ﬂm cells in the
Magnification n@@%lﬁ@mkﬁ@é&@ﬁ %Héﬁ)@és@ﬂl@ﬂ%@ﬁ@ﬁ%& @%Fesses the
QN Sxismal grandlar ) g{g o ef&;b?osw% 'Cts '\ E}% gL
tissue accumulation o &in retlnopa W moder
ﬂ%’é&&@%ﬁ%&’e#n siRNA significantly suppresses CSPG accumulation

thgoWhderipahtitigaphthesuppréssingefechis|piomifigmeiiVGallageiNh a mouse
andaiormenhenithelial, celilayas-baguiicptien: 200%: eI GRRICLSs the

ROOIROARNS FRBMOLGEAD RASENE.SRLS 1h8maKee DRI 0RRHY  mer
nuclear layer; ONL, external granular layer.
Fig. 48 depicts pbotographs showing the tissue accumulation of CSPG in a mouse diabetic
retinopathy model. GalNac4S-6ST (G#1) siRNA significantly suppresses CSPG accumulation
(brown). In particular, the suppressing effect is prominent in GCL, ONL, and pigment epithelial
cell layer. Magnification: 200x.

Fig. 49 depicts photographs showing GFAP-positive cells in a mouse diabetic retinopathy model.
GalNac4S-68T (G#1) siRNA significantly increases GFAP-positive cells (brown) in the region
from INL to GCL. Magnification: 200x.

Fig. 50 depicts a graph showing the number of gangliocytes in a mouse diabetic retinopathy
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GalNac4S-6ST (G#1) siRNA significantly increases GFAP-positive cells
(brown) in the region 35 from INL to GCL. Magnification: 200x. Fig. 50
depicts a graph showing the number of gangliocytes in a mouse diabetic
retinopathy 9 model. Counts show the rfumber of gangliocytes in GGL.
GalNac4S-6ST (G#1) siRNA significantly suppresses the reduction in
gangliocyte number. Fig. 51 depicts graphs showing the optic nerve
regeneration effect in a mouse diabetic retinopathy model.

BN ata8obSiofGhe PeRRA Significanty in6rehsdsatNedRpr8ELion pEBSA
ﬁgxﬁfme:uﬂgrstigszueﬁs Hig rdaZiopitis o glapheshenwag gene expression ina

OUSE H:Ys HP&H%&H& ﬁx%l Dﬂ-@cenﬂpﬁeggggm‘%&r%%gb? se diabetic
GaINA g ver s,.and significant suppression of the
EXpres TR AT SR g@@aﬁgydaﬁm%%ﬁ@wsm of GS in

S%W‘ﬁ@‘tﬁ% expression of fibrogenesis-related genes in a mouse fatty 10
liyesmpspicmageld e ehh 2066 S:Q1RERSSINR ﬁi‘otsée@ahgqﬂ,%gﬁﬁ@%@éﬁwhe

inli i fthe
S i 1 ST 1 A

RRFSHOS PGSR FesliiBlse fatty liver injury model.
Gzl NNESTisiRphs shpprestes thetings-fikegonsimuitiehghéiioblastse fatty

(e wirimbyer tiasues.Maonificaion o Iléllfagexﬁélsi%@m % 9P Rssues, and
ﬁ'@%ﬂ%&%ﬂﬁ&@ég%og?aéo&Fggog)ergesafafﬁ R PSR R lyer iy

model signi icantly Su ppress e increase in the

FilsrogieRs nhefrgmphv o gy ke | %@1&1 epfEopitashsing BRIty liver

mizcy ophiay eGalfkatidniRNAmmpses fetthdived gajtike nodehiaGal NA@SIblasts (brown)

ﬁiEﬁM@g{éHiQﬂ@Eﬁiﬁ@gﬁ@f@§g@§ the accumulation of macrophages (brown)

inJiver liss agnific tlon 100x 57 depicts graphs

th%\é%gre s&ongro%fpfl'g]h %e%acb S rgfa%e%rgfbm |§S§’ Pﬁ%us%uﬁ%t |v1§ T injury
ﬁ\iﬁ%ﬁi@ﬂﬁ&ﬂ&tbigﬁm%ﬁﬁ%ﬁﬁéa BpsTeasds %ﬁh@@%@@a score in liver

emssmn of ChREBP and ACC2 in liver tissues. Fig. 58 depicts

pigomaﬁ% ﬁmﬁ‘%@ M&d%@ﬂ%dﬁﬁ&@ 9%%18@'111? AN RAJROHRE 1AW in; ury model.
and C4§ |RNAs sugsp ess té

v
%In ge-Ii Egé%%:%m a |ontgf S"f%?oeb 5t éé Browr Iflg%mggag
sksinidiegsiicedor. 1R 59 depicts a graph showmg clinical scores for
filwdgetesis inamsusarfathe bxereinjuno iiipideheE8 Q- ChET-Znanth a mouse fatty

GAST3r5iRNAS sigNficantlySyRRIESEMGINGIFAS&IR tﬁ%qngkléﬁgg:?gﬁﬁgsmn of
P |IVC§'I‘ es. 30 Flg 60 deplcts a graph showing clinical hepatic

g?é%%er in @ mouse %aeﬁy Vet inj ury model. C4ST-I, C4ST-2, and C4ST-3

EiRNAdsifpbewerwhn chewing ok pRIRroBstie sl of aropurolyteliver

disoydesdel. CAST-1, C4ST-2, and C4ST-3 siRNAs suppress the bridge-like accumulation of
fibroblasts (brown) in liver tissues. Magnification: 100x.

brown) in liver

Fig. 59 depicts a graph showing clinical scores for fibrogenesis in a mouse fatty liver injury
model. C45T-1, C48T-2, and C48T-3 siRNAs significantly suppress the increase in the
fibrogenesis score in liver tissues.

Fig. 60 depicts a graph showing clinical hepatic disorder in a mouse fatty liver injury model.
C45T-1, CAST-2, and C48T-3 siRNAs suppress the increase in ALT, which is an indicator of
hepatocyte disorder.

Fig. 61 depicts photographs showing the infiltration of fibroblasts in a mouse hepatic fibrosis
model. C6ST siRNA significantly suppresses the accumulation of fibroblasts (brown) in liver
tissues. Magnification: 50x.

Fig. 62 depicts a graph showing clinical scores for fibrogenesis in a mouse hepatic fibrosis
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Fig. 61 depicts photographs showing the infiltration of fibroblasts in a
mouse hepatic fibrosis model. C6ST siRNA significantly suppresses the
accumulation of fibroblasts (brown) in liver 35 tissues. Magnification: 50x.
Fig. 62 depicts a graph showing clinicali€tores for fibrogenesis in. a
mouse hepatic fibrosis 10 model. C6ST siRNA significantly suppresses
the increase in the clinical fibrogenesis score in liver tissues. Fig. 63
depicts graphs showing the anti-fibrogenic effect in a mouse hepatic
efesiS ATddBeRNEEETISIRMX sigrifisanthy suppressabahin@gpféssipnesk score in
aaMAsuype | collagen, CTGF, and 5 TGF[3. Fig. 64 depicts graphs
oxving. ¢ Jefi ic.effectin a mouse.Parkinson's diseasg maodel.
%‘%&.ﬁ&?ﬁ%@’%ﬂéﬁgm. e o Froce
STNACHS SEHECRlE SIPRIBECH B IRBERs AR @ Hsiia invBrdirclisstre S TG, and
‘B8ldepicts photographs showing the accumulation of fibroblasts in a

MoesebakipspRshbAidiseasemodsl-GalMAcaS: 6o l:sRRNA drasicaly. model.

s dhe. mulation of fibroblasts (brown) in brain tiss
T RS e O N HN BASEGr ove!
WHeeTIneASHLe PARIRSSHE disease model. GalNAC4S-6ST SiRNA

Isigyhifi Samidis ehﬁam@hstﬁmek@éesamhﬁmmémmdumﬂ iﬂ:dgntﬁjzedﬁﬂiﬁfﬁon’ s
fhategraphs shovdpistasTagRAMINGAEMIPRIGIRREIAIION EHACHIA 8f fibrobiasts

@8%?%%@@&9&%]%i%%%%%"r‘q‘ %I}.{_G_aINAc4S-68T SiRNA suppresses
IT,\ty;géﬁ_generatlon 0 -positive dopamine neurons (green).
[

RS aIeRh PiERs B plis oG el Srionane Prekdmpainiiesase model.

aldibrt FetfEh eRlidrspffdekin vaniouse tRatkinsoiin dieDBE madelr: .

BaltvARdRE SHINFAEY E&R{@ﬁ%ﬁﬁéﬁ@ﬁ.&%@ﬁé&%ﬂ@é@ﬁéﬁﬂ%&‘%& in a mouse

sipgamne peyrons (reen) Megnicatin, 200, 20Tig. 60 depics "
hotographs Showing the CSPG-reduting SR erE A6 frgraseinmoe! TH-positive

%%@%}?ﬁér@soﬁ%@fc Ntmiieinp MBBRel. The photographs show images

0k stéided ot $RGo LCEInGh (ring the aspawn)ia tba-setifaetipe Lreiaheligouse

relinopathyimedel mise GE!&AZ@S@%%%@%Q%@@Q%%@Q&Q&iﬂ?&f TH-positive

ngiogenesis-suppressing effect. of C4-sulfatase in a mouse type 2
dIGDEtIC re |ﬁgﬁigfgf§ogegﬁﬂ'§:§%b%é Sfaphs show images of Bs/tr:atined
K46t firsss ohaoeians dersnebaCiPGrivvsiaecierinié-setiasofitypadse type 2
dbetictetinapathydriodet phioegkigs dodepiatz PhteBTsrPsh@WEY thRws,
eﬁ%ﬂ@g&ﬂkﬁ%ﬁﬁ%%ﬁ?ﬁyﬂmﬁﬂﬁ%ﬁa@ﬁhﬁwmaw in a mouse

_ iabetic retinopathy model. The photographs show jmages of _
B AR DR AT TR R B S e fbltase n
R Rty 408t rafverity. modde pibesnbhsgrap Hw showing dhsained vascular
supfirdssiveleffens f Gbvauliaias e ot Biohiast 30- acsuraation R ilemodel mice.
ﬂ%@ﬁpti@pm@ N %@%g%@‘&%ﬁ&%ﬁﬁ%&&ﬁ@ 0 gessggg%rfégtoof C4-
fold, Flgi 73 depicts phot graphs showing the macrop SSe )

St |?tt|?asﬁ0n?sr§8%3ree§@ﬁ1% @f‘% é}tciﬁemga% model. The photographs show images of stained

type IV collagen (brown, arrow) in the retina of type 2 diabetic retinopathy model mice.

Fig. 72 depicts photographs showing the suppressive effect of C4-sulfatase on fibroblast
accumulation in the liver of a mouse type 2 diabetes model. The magnification is 50 or 100 fold.
Fig. 73 depicts photographs showing the macrophage infiltration-suppressing effect in the liver
of a mouse type 2 diabetes model. The magnification is 50 or 100 fold.

Fig. 74 depicts graphs showing the result of serum biochemical tests (AST, ALT, and TG)ina

mouse type 2 diabetes model. Inthe graphs: unt, untreated group; nor, control group; Césul, C4-
sulfatase.

Fig. 75 depicts photographs showing the localization of CSPG in brain tissues. The photographs
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of a mouse type 2 diabetes model. The magnification is 50 or 100 fold.

Fig. 74 depicts graphs showing the result of serum biochemical tests

(AST, ALT, and TG) in a mouse type 2 diabetes model. In the graphs:

unt, untreated group; nor, control groupi C4sul, C4- 35 sulfatase. Fig. 75
depicts photographs showing the localization of CSPG in brain tissues.

The photographs 11 show the result of analyzing the dynamics of CSPG
expression in brain tissues using an enzyme- antibody immunostaining

magfml rAGRAY ANAS RS lﬂ&(hsmimsm @ﬁ’@@ﬁ%@ﬁéﬂﬂﬁﬁ%i@@ 3i§QUeNINRM enzyme-
antiRaghaRchMauss. el KL SINNG, £, LGP RNGINIARNS . ) or
showing the localization of dopaniinergic neurons in brain tissues: e
B%%%Bh%%ﬁﬁ%??%@%i@?&ﬁ%ned by a fluorescence
emiérisstainphgtageabiodhamigpe Tedepicts tag cphshonings thewresilt bfin tissues.
TN @eRgHeXRRSSIeNARAYSIEH Whichewas ORialnedby iIRGAHNERE Ricthod

net haows the result.of real-time PCR for the ,expression
B e e s o
el iR SoRegdinfitr R vy e GRERCR for the
stroevime thicl (&Sl ent Numdigmacexpre SSithaaaiysistvgtoe ftinfedRGRion
Hehedd he grpishewsithaisgsult for Nurrl gene expression in brain

' ic ained usin er premix kit (Takara Bio) and . .
e e S A et me e
RAIRde FafsEpRaRREnigari L dor A WL SeReEBIREP gR AR R@ndisings. pEhich was
Mo dorsBaCyheg GutithistIfdnatiddi Phe pResb itinPERtibanaill Heler DICE (Takara

spscificaly.gescribed helaw [1he: Breesent Wﬂ%&@&%@%&@pﬁﬁ&&e (B-actin).

fibrogenesis inhibitors based on the mechanism of inhibiting sulfation at

or ﬁ of Nhé@féyégﬁﬁ%ﬁgﬁﬁ%ﬁ%gﬂ@fﬁkﬁe %92;%@{{&% %&%Btw&fs%a%?dt&ﬁﬁe mechanism
| [S O resent.invention Sim as InnIpItors ). nerein, .
O S R e R e et suger

tfiRetosamine, which is a hexosamine. 25 Furthermore, it is known that
N-acetyigadestdbarhinearn bechemicalijanostiethntgpositionstliées Gomprising as
I prasepkinuention s:chararigrisad v.phipiing sulfatian atpasit ‘@Min
or m§ ,pf NS- §%ert%€$qglgl?tosaf%r.}?e. J)efcélgcall , the sites where the sulfation
iSinnibited by the Mhibitors of the preSent 30 MveRtSh drélicaied by!tors"
arrow in e TollOwraE stasifsine SRAABTHREOHP the N-acetylated form of
galactosamine, which is a hexosamine.

Furthermore, it is known that N-acetylgalactosamine can be chemically-modified at

positions [ to 6.

The present invention is characterized by inhibiting sulfation at position 4 or 6 of N-

acetylgalactosamine.

Specifically, the sites where the sulfation is inhibited by the inhibitors of the present
invention are indicated by arrow in the following formula of GalNAc.

Y
CHOH
HO 2
#NOH  rOH

2

NHCOCH;

The sites where the sulfation is inhibited by the inhibitors of the present invention are
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HO OHH ~2 NHCOCH3 The sites where the sulfation is inhibited by the
inhibitors of the present invention are 12 positions 4 or 6 of GaINAc. In

the present invention, the sulfation of GaINAc may be inhibited at both
positions 4 and 6. In the present inventigp, preferred GalNAc is a sugar in
chondroitin sulfate proteoglycan (CSPG). Herein, the inhibition of

sulfation refers to inhibition of transfer of a sulfate group to 5 position 4 or

6 in GalNAc, elimination of a sulfate group from a site where GalNAc has
pestivralieadyos @iited, dn SubsEtdHOR @haosy aleugeaR Withothe may be inhibited
shemisabydnolied oy JOS AGRIRAL snpessiiaissue [biogehesty, i,

of %sent 10% (hereln sometimes referred to as agen
sui poleoglyean E ?’)&h
rese |nv§ rably have an in vivo fibrogenesis-suppressing

effect i@m&gs@ésnhlhé@f%w@‘éh@srgfgmppmsmdswm@gémmmgmup to
poeisentdi m/emlGmape;mimmﬂtﬁu&aﬁ)édlmtﬁe@roﬁyﬁbrﬁl%%WB@%NQE has been
XaMPleERINIAG HRRHRRHIASIRI @éssgﬁlﬂ%keﬂlﬁﬁyetﬁe 4ng, ti SRR eanc

p
tlssues;glﬁldne tissues, ocular tissue r tiSSUes, cranial Nerve tssies,:”
and ski & PR hBRoishe SRopRas B el e piste b lggention (herein
SHBRSgER seirrediestn ively of hiefibrege mosislomayiesphomyman swith
ﬁﬂﬂ@geﬁéu’a&eppsa@ﬁlgsfféﬂ:@rogenic lesion in tissues", "fibrogenic tissue

alteratign,..and, &gq{b% gengsis; e| bitors of the present invention

are SStICU'&rl L tegd e Ogn s@cp f) régesa ent‘% r%ip éls }ée&ﬁ%}t 1{Hfgntxon are not
%f’&‘?\‘i% %ﬁﬁﬂlné“ﬁéi%ﬁéfw ?68%%%%&%%%% gastzotntestinal tssues,
hoetiigetacwsarrinsispeA kiefe ietkanboliinienteoflinkilitars of B nerve tissues
piesentinvention includes, for example, substances having the activity of

|nh|b|t|r§ @%fh@& ulfotr nsferas thaL nsfers .asujfate to
p% sition 4.0r 6 Of I%gg}(l:gesrtlél a?gctggeagﬁﬁﬁﬁ(gt%efegfg &R odi%&gm%né’?]tﬁe

é%%%rfﬁ%%&?&ﬁ’@@&% eI Qe e EseaR a&éﬁmﬁm&é%ﬁe@ fsigissues”,
Heheisyenil diesud ditortiting, groupcdihsigtingsiot., 25 (a) antisense nucleic

aC'Sr;Lagﬁﬁ mj£ ?@@Qﬂ@ﬁ'@tﬂf&g@ﬁ 9%@31%%@?9&45@9%%%?%@ [ﬁlﬂé&ee@ﬁ%% gg%e are
itio .6 of N-a alactosamjne, or portions

%{%reo sa%’)%%\u% leic aC| éﬂﬂglﬁ%othfysr%?g g% oS Dﬁecﬁfcaﬂ leaving

trah: %?Fﬁ)‘i&?i?l“ﬁﬁ?les encodlng the sulfotransferases that transfer a sulfate

to pqsmbmrﬂf_@ree qhhp@um:ylgﬁ;ah:@mgasmﬁmeque(@ inugiais aettsiywthitbeample,

amivity afidsing rNAbaffestiiminiiRittbe e pre PR I8RES e that transfers a sulfate

to position 4 or 6 of N-acetylgalactosamine.

2

Preferred embodiments of the above-described substances inclnde, for example,
compounds {nucleic acids) selected from the group consisting of'
(a) antisense nucleic acids against transcripts of the genes encoding the sulfotransferases that

transfer a sulfate to position 4 or 6 of N-acetylgalactosamine, or portions thereof:

~ (b) nucleic acids with the ribozyme activity of specifically cleaving transcripts of genes encoding

the sulfotransferases that transfer a sulfate to position 4 or 6 of N-acetylgalactosamine; and
(c) nucleic acids with the activity of using RNAi effect to inhibit the expression of genes
encoding the sulfotransferases that transfer a sulfate to position 4 or 6 of N-acetylgalactosamine
(siRNAs that suppress the expression of sulfotransferase genes).

The “substances with the activity of inhibiting sulfation” also include, for example,
compounds selected from the group consisting of:
(a) antibodies that bind to sulfotransferases that transfer a sulfate to position 4 or 6 of N-
acetylgalactosamine;

(b) sulfotransferase variants for sulfotransferases that transfer a sulfate to position 4 or 6 of N-
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30 encoding the sulfotransferases that transfer a sulfate to position 4 or 6
of N-acetylgalactosamine (siRNAs that suppress the expression of
sulfotransferase genes). The "substances with the activity of inhibiting
sulfation" also include, for example, congpounds selected from the group
consisting of: (a) antibodies that bind to sulfotransferases that transfer a
sulfate to position 4 or 6 of N- 35 acetylgalactosamine; (b)
sulfotransferase variants for sulfotransferases that transfer a sulfate to
pesitipiedoernbiod;Nn3 acetylgalactosamine; and (c) low-molecular-weight

@9%%@@5&1@@%!@& EBIEFM&@%%[\%M NALHARFIELA AL I 2 suifate 1o

alactosamine. Another embodiment o

BoSiAN 4,010 Q1 N Areln:
Ribitors of the At veﬁf%‘ﬁ includes, for example, 5 substances
having ﬁ%@%@h‘?ﬁ?ﬂ@@&ﬂf&ﬁﬁél@@@ﬁﬁ@é Bjesep BrpositionckdrseiofdNample,

adetylgal hethsamminet Syalf sefastangessinehdeciorexamplies epzunes
&b@&%@ﬁg faigthe %‘ﬂgﬁ‘%b%ﬁ% 9&%@%{‘9}4&%@%{“&%&%9 o2 tlc%suffs% gleéulfaie

ofN-a @et}q aJactosaml%}e The "desulfatin € group at position

NG R FOEERTHE TR AR Y 8 o4d fﬁf&t%?ﬁtﬁfaﬁ‘&%ﬁmn 40r6is
elimina m‘?ﬁﬁﬂf@lﬁ’@eﬁﬂéﬁlﬁmﬁmmﬂm@ Soch dEsuifathglerpymes: means that a

inhhielerofar 2 yaspie schand amk&iﬂﬂzﬁsalﬂf@taﬁea%r@m{a@&%ln@nd
Chondr@%ﬁ @eﬁﬁﬁﬁ?ﬁ%ﬁé? E%Hl?ﬂfg i%?% tﬂecgf)% ent! 2’{ e,QEOQSg' [ sulfatase)

% te as ong asenzymes & &n actvity Of transrarrin
% GshiSH 386 of GalNAc, but include, for example: 15 1)
Ga1NA%té@‘qr@sich@eegﬂ@almsamm@mmﬁwapmmséyﬂmims as long as

SHSES Kaarhohygvaie(N-aceiyigalamesanipssdid) suHetansierased iddiude, for
&% Ac4ST-2 Alias CHST9: Carbohydrate (N- acetylgalactosamlne 4-0)

élgg@s%erase 9 3 C4ST 1: chondroitin-4-0-sulfotransferase-1 20 Alias
4 Hrh Ol g e B2 RHOTHI I A o ifgs A Sfafase 11 4) C4ST-2

Alias CAHSTF LSS 48Dy dtiadICHETIEBIZS BREEST-N) sulfotransferase §
zhomoreiig1620-sulfotransferase-1 Alias CHST3: Carbohydrate

(chondr, el 7

%%?a%oiﬁgﬁgﬁﬁgé%% e gg%%lt\:ans rlélgex 9} BHeFE RS atan
%pﬁ%? ﬁ pudraitin-4-O- sulfotransfcrase~

Alias CHST11: Carbohydrate (chondroitin 4) sulfotransferase 11

4) C4S8T-2

Alias CHSTI12
5) C4871-3

Alias CHST13
6) C6ST-1: chondroitin-6-0O-sulfotransferase-1

Alias CHST3: Carbohydrate {chondroitin 6) sulfotransferase 3
7) GalNAc4S-6ST: N-acetylgalactosamine 4-sulfate 6-0 sulfotransferase
8) D4ST-1:dermatan 4 sulfoiransferase 1
9) C6ST-2: chondroitin-6-0O-sulfotransferase-2

Alias CHST7: Carbohydrate (chondroitin 6) sulfotransferase 7

Further, on a genomic DNA level, such groups of enzymes sharing features do not
necessarily correspond to single genes. For example, both chondroitin-4-sulfatase and
chondroitin-6-sulfatase can be retrieved from the public gene database GenBank as sequences
referred to by muitiple accession numbers (for example, GenBank accession Nos: NT _039500(a
portion thereof is shown under accession No: CAAA01098429 (SEQ ID NO: 1)), NT_078575,
NT_039353, NW_001030904, NW_001030811, NW_001030796, and NW_000349),
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9) C6ST-2: chondroitin-6-O-sulfotransferase-2 30 Alias CHST7:
Carbohydrate (chondroitin 6) sulfotransferase 7 Further, on a genomic
DNA level, such groups of enzymes sharing features do not necessarily
correspond to single genes. For examplg4 both chondroitin-4-sulfatase
and chondroitin-6-sulfatase can be retrieved from the public gene
database GenBank as sequences referred to by multiple accession
numbers (for example, GenBank accession Nos: NT_039500 (a 35 portion

thereof fpstibueiy helewace easipieNet sCAAARKNAS429 (S BRI MPsbn with

BleRiB2lmbdklin 4RO MY A ence ammo ac
G003 0 R DO L SmREall Bofas:Biencss, and mino aci

of m?fotransferases of the present invention with accession numbers in
{FritiBte! gt eraripprentaABANK S delcottie titseenass; SHA HIMID 2; amino
aditisespouenBE; [BallATAST-1 (Accession number NM_175140;

GHQL@@A@@‘ Sqqy PNP; I _sequence,
ac% Se aqug e&g%{?g%eéssmn E\%gn(%a@ergg?\%g{i%%og & ﬁlﬁedeo QSE)% 4 amino
N

g uem amino acid sequence, SEQ ID NO: 5) C4ST-1
Eeké%qﬁammm@@%%&m@nq@ds@qme BEQDINNG, Genino acid
snpinocaciEsENENce, SEQ ID NO: 7) 10 C4ST-2 (Accession number

NMIQZ? 4o28:uclentideseayence: §E@ %&%géf"g%gguﬁﬁ ggﬁf SRR weid

ST-3 (Actession num
8¢ u%ﬁcggg%%éé 10 amino acid sequence, SEQ ID NO: 11) D4ST
& T 699 BIARBINA }@2815ﬁ79ﬁumdmm@§eqmcesm NEONID: 4Rino acid
sainccacdQliH segquence, SEQ ID NO: 13) C6ST-1 (Accession number

ﬂMﬂ%@g&%nﬂlﬁ(ﬁlﬁggqgﬁ%@?%él%C AQ s’é‘%@r%:%’ %ﬁaél%%%gé%gammo acid

cession numpe

enc 15) C6S ;

é‘Sf’bgéEsSe%%@chel éEQ ID NO: 16; amino acid sequence, SEQ ID NO:
@?&I)é @ém@m%mr(ms}é&m;mumm MOEABIIEMCIeOtide:; amino acid
seguenrRceESEQND:NG: 18; amino acid sequence, SEQ ID NO: 19) In

@@@%‘9'@&9&@8&%8&%&'ﬁé%%s%?@ve e& éost%qg 8}0‘%){@%@ Ljpvention

include exhlbltln omo o yplc
rs:)er%%r}%ebk%b fHer, more preferably 90% or higher, and most

Epélfé%aﬁyéﬁﬁ%smmm@@@ug&bwsmmnda&@&ﬁemqe bisting; amino
aid ssavine: SN aOR®S the proteins Iisted above (for example, the

functloqrpgd& ents .The.proteins listed above
qg&%eg%lst, c%nl%prlsn ain a foglg?:l g’éd?ﬁ%sﬁ%”i}ﬁﬂ%ﬂ include

or example, prot n
g’ﬁﬁ?t%ﬁ dtétfg %%%Wlwpliﬂﬁﬁﬁggﬁl@h@@ﬁd’&ﬂfel‘ably 80% or higher, more

preferably 90% or hlgher and most preferably 95% or higher) to sequences shown in the
Sequence Listing and having a function of the proteins listed above (for example, the function of
binding to intracellular components). The proteins listed above are, for example, proteins
comprising an amino acid sequence with an addition, deletion, substitution, or insertion of one or
more amino acids in any of the amino acid sequences of SEQID NOs:3,5,7,9,11, 13, 15, and
17, in which the number of altered amino acids is typically 30 amino acids or less, preferably ten
amino acids or less, more preferably five amino acids or less, and most preferably three amino
acids or less.

The above-~described genes of the present invention include, for example, endogenous
genes of other organisms which correspond to DNAs comprising any of the nucleotide sequences
of SEQID NOs: 2, 4, 6,8, 10,12, 14, and 16 {(homologues to the human genes described above,
or the like).

Each of the endogenous DNAs of other organisms which correspond to DNAS
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more amino acids in any of the amino acid sequences of SEQ ID NOs: 3,
5,7,9,11, 13, 15, and 17, in which the number of altered amino acids is
typically 30 amino acids or less, preferably ten 30 amino acids or less,

more preferably five amino acids or lesg,5and most preferably three amino
acids or less. The above-described genes of the present invention include,
for example, endogenous genes of other organisms which correspond to
DNAs comprising any of the nucleotide sequences of SEQ ID NOs: 2, 4,
Gn@yrisihgldy b4 flandid Gothientalaguescfs e uNea genesgescribed. and 16 are

Qé?x@}é@by B2 %&Bi&b@ﬁ?@@m@%ﬂg%@ﬁ%wsﬁ QEhen Brganisms .
A H:roog‘lrespond t rlsm ey?ﬁf the nucleotide

féuences H %n 59, i%f Safit 1% a’r@e@@i’f@%ﬂ%y more
RISPHOHA G166 B1 thammﬁ%vﬁfmmfmy Podo6highdatot)dgy, (for
anckle, IFighr hne|eg pave ans, 5%, ox bigher HQMO%IW hhhd Q% ermined
aighes o oﬁneﬁmrs%fﬁ&ag%%% NQIIRELI R 380 %9”2264 8;

% her hom for 5 exa
R RSt ot Abagr highoS o 6@ RAIIAS e been
hﬁ%liﬁadtﬁérmm&tm eagbﬂfhhﬁmmp@chxhnétzamm@@tmﬂnmwt@m 1JSBNA of SEQ

1980 874, 2264;:8 IﬁarhmﬂmdﬁAligi&Ml,stﬁ)é‘ajM@ihdﬁ%g uﬁﬁmy%eﬁfﬁ%}a “2sx SSC
Q ach
e ST T e
A8 it 5255018 e o SoriiB O ARAg, e 0.2¢ SSC.
%kdqﬁ@% 6@5@380 10 0.1% SDS, 50C", "2x SSC, 0.1% SDS, 42(: and
"Ix SSCIHIst ¥iBEISn BrbGrt FARERDSHINGRNS Jtend @%ﬂ@ﬁ!ﬁ%ﬁ%ﬁ%&am to the
Qv éggfb te19$§%§%%’agijg dg’Br%deé%g’ d O 2XOL§S rdtffms by using

SDS, 6{? ose skilled, in the art can appr r?(a eéﬁ ain ‘proteins
RS aﬁ@ﬁ%aam%évéﬁ%w AEOVR et BB BReEmEHEiAnAEposition 4 or 6 of N-
afsblealgeiseribiad: highly homologous proteins by using 15 methods for

assayirgsher, afa@uatwmaeﬁuléaﬂ'azg @ﬁd@ﬂéumh@&iwf%%ﬁ@d%ﬁ&o&ée skilled
I urther, base n the nucle
o ti@e%lyanaa%%%e a%%‘ esc nous e:sne?1 9 O%leﬁ ﬂr 18] ?1tthat FULs r§p<md 1o the

3

those s

quence
%’[%FO Fﬁf 8?51%{% ’é‘ﬁh%@@ﬁ%ﬁé“@j@ﬁ% d*‘%ﬁ?@?‘b?@%ﬁﬁ]é?ﬁ@t%ﬁtﬂs and genes in non-
Boreaspendstestivdidboregesdribts gevesidnihelpressnt inveation ot above-

@A@m&@mibmé@@@a&%rﬁilqb@s@melmﬁeakuﬁ@gg@ gﬁﬂf&a@&ﬁ%@%}otelns and
g&{4§§§9§ g&% kv ORI ”bﬁg

1
descri teins an enesnlgiat ar unction equwalent to the

above-arégemsaa%fo% REssERG YA Y SR H LRI RetuiRyateEns but
dboverdestiipat metmies e gpreteinsof bheire sehhigwentin aanrieproteins can

R gRERG BO! R Mﬂﬁﬂ@%@hﬁ@&%%ﬁ&i 1@@@1 @%&@%Mﬁ@éjﬂ%ﬂé may

AL S SR B s e

BrracEriha ﬁﬁ&?@%p%&@ﬂ?é%b%é&@ﬁ@@éiﬁ%@t@m@w &#firifeyprepared, for
cluopatographing sitly tmtifodies ajabistithencoding the proteins described above. The
above-described proteins of the present invention can be suitably used, for exampie, in the
screening methods described herein below.

In the present invention, “nucleic acids” refer to both RNAs and DNAs. Chemically
synthesized nucleic acid analogs, such as so-called “PNAs” (peptide nucleic acids), are also
included in the nucleic acids of the present invention. PNAs are nucleic acids in which the
fundamental backbone structure of nucleic acids, the pentose-phosphate backbone, is replaced by
a polyamide backbone with glycine units, PNAs have a three-dimensional structure guite similar
to that of nucleic acids.
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above-described proteins. On the other hand, the recombinant proteins
can be prepared, for example, by culturing cells transformed with DNAs
encoding the proteins described above. The above-described proteins of
the present invention can be suitably usggl, for example, in the 30
screening methods described herein below. In the present invention,
"nucleic acids" refer to both RNAs and DNAs. Chemically synthesized
nucleic acid analogs, such as so-called "PNAs" (peptide nucleic acids),

are alsovéneltded ithibiemunteis aeies:0b s BRs@MEBHQB:dS N Af8iscnse
@dﬁiﬁﬂ% 1"1&95‘%&%%&@ gﬁﬂb%rl%@%% e tre%%/ e b(gr %F génells% for the

acids, the pentose-phosphate backbone, is replace  a polyamide
BatHL? ﬁ@‘%‘?fﬁedl%ﬁ& TR o S FB SRR GRo B S Gt
Hite iR ldranecrinsipn i beloic lacidelel 6ometioods for inhibiting the
exassioniolispreiic BilgRRaLSgRNEeSUSIRG ANISEBSeIRINAII Aeherated
W&W}Q’Bo Rose skilled in the art. There are a number of causes for
the action of antisense nucleic acids in inhibiting target gene,ex&)ression,
TR SRR BF eirdciopmatiomFidta Byt Brersymbstieds
srsEEr ip i tidniB ompletidnfer mdtionnatasitestith; a local open loop
St iargRners atesl Ui M&Q@M@Wﬁ?ﬁéﬁﬁ@%&%@ﬁﬁﬁ%ﬁ?n k;)y
mMafio i 1zed: icing inhibition .

E%%ﬂg{}%g?m a_tio%ﬁ@r%ﬁ%&%gﬁg}ﬁ%c%oﬁ?ﬁaﬁﬁc%ﬁ' § %ﬁfg}%gﬁ att)lf/) xh%tli‘llém =
PBHAG ST G PR3 DS e s i io rARR S MR Hor i fremaisort
frdihition efuttelrsito ihisiajdobiabpb it forniat iomsidthomiREein factor binding
sipdicing inhibition by hybrid formation at the capping site or poly(A)

it ite, inhibition .of, translation initiation by hybrid formation at the
e R B R G B e s

translation initiation

f8ffftion at the ribosome binding site adjacent to the start 15 codon;

inhibitionod peidt dhaohelimedting afidiytnid Hytnuididarimeticreinidienal region of mRNA

trensiatenabreoiamal MRNAnRaL the polysome binding site of MRNA;

[nhibition of gene.expressio hybrid formation at the . . C

B R R B B0 e iR sies
LAPISESOPPOF ARG FURBE 1By SipTTtiAR YHAEIE DB ckbEEEng vatioas

mwﬁptmm sphcing;eied, trplisiationd(HinaishimarAndHinelendShie, Shin Seikagaku

Seikagali 2likkerkeza 2 BlonmonEsesdmEXREYMERAl BIAGRSMISIY Ry Tv.

Kﬁ";‘f&@ﬁo@l C'%ﬁfﬁgég) V: "Idensrll no Fuk%sel to Hatsu enéGene

replication and expressﬁn}"‘,(%e&e“ e aiﬁﬁﬁgsé’xgﬁé’ﬁ@%’i%ﬁ Brlagpmese

PUIPERER AREIEG)IN Ot ook 2grkudenna kA3 . PRe X AAtREhse nucleic acids used

in the piésentijaventiolzimaydntibitithbexpressiorRi ARGOIMBEINRpression

SRDSSRRERE NG ARY %@lﬁ:@%@%ﬁ%@ﬁ%&éﬂﬁﬂé@%&%‘@aﬁ%@?&%ﬁ on any of

%%%8];0113 described above.

In one embodiment, antisense sequences designed to be compiementary to an
untranstated region adjacent to the 5” end of an mRNA for a gene encoding an above-described
sulfotransferase may be effective for inhibiting translation of the gene. Sequences
complementary to a coding region or 3’-untranslated region can also be used. Thus, the
antisense nucleic acids to be used in the present invention include not only nucleic acids
comprising sequences antisense to the coding regions, but also nucleic acids comprising
sequences antisense to untranslated regions of genes encoding the above-described
sulfotransferases. Such antisense nucleic acids to be used are linked downstream of adequate
promoters and are preferably linked with transcription termination signals on the 3’ side.

Nucleic acids thus prepared can be introduced into desired animals (cells) using known methods.



10

25

30

35

the actions described above. In one embodiment, antisense sequences
designed to be complementary to an untranslated region adjacent to the

5' end of an MRNA for a gene encoding an above-described

sulfotransferase may be effective for inhibiting translation of the gene.
Sequences 30 complementary to a coding region or 3'-untransiated region

can also be used. Thus, the antisense nucleic acids to be used in the

present invention include not only nucleic acids comprising sequences
antisensects dtiéhconling segiois beitaise mutleis poitds RATARESIAGa gene or portion

sRaueBreRRliseNse Lo Mpltansialed 468Ians:98 @H%’L%ﬁlﬁ'ikc&gﬁé? #E: transformed
%RR é%?%?”bed [fotransferase - c%léch a tligrnse nucleic acids to be

Used aré linked downstream of adeduate 35 pr SRS R Y 2 BRI
risasH IR R s HsrhTRA R APSgh TS FrivTeo aaietes. Mircieiesertidd RNAs
prefsrghrbparecdbdobe gherosutedsnie fietired Bo imalghels) JlNakRED target

gesmgwpzs.Tf@&@mgpﬁﬁu@nta@g%@%r@g%ﬁiﬁs&%%g—-gém r@l&@?@ém, the

%:Rqém&leme%%)ém a gene ortﬁortl n Féﬁ reof encoding a sulfotransferase

e RO oA SR IPHR g veleoides

IS endogenous 1o e Znimals (&
loesveveretive dedengiey Heaatsrsaydtie atideofthtamentdnyeatdoag ast limited
iheredptisnsemicolei etacid awbhaftestivelyOsupRIes SR eSS0B818 nucleotides or
gene. The transcribed RNAs 5 preferably have 90% or higher, and most
preferal%}y 95,?/0 or higqteer c_o.TpI entarity to target gene transcripts. To
effectively iNNIDIE target geie Se%% SR RTTE Rt AP ARCHE 4 dirpéted, and can
bRar HeeRUB R haetd S Fee praslepsBlysetienst ARASEI GideBdung ccession No:
mﬁ_ﬂasgm;mzzammtﬂnaﬂctesﬂ*omg&éﬂamm&éb@d@ﬂ@th&ﬁ@j{lmﬁs@#t@@m@ NO: 8),

], ids.of IRMEGNHi [ ﬁg]g i%d the lengths
g}ggﬁ%@% abovg&&g%%%&m ﬁﬁgg’?%eotl es %Bg’rﬁ%%j%%r 500

,.and %he may.b
nucleotid&&Si 1o ﬁ%r%ﬁ%’éng HRSA S0 SRS R Brteps Torase can also be
IPBHEB ST Epast ot by Yimsitertoding DARAbeRpbeparesirddr exaMplaolecules
biseddpihachvioleQide SROHEEE m%-wﬁfﬂ%@aka&@ﬁﬁé@%{ﬂﬁg others,

. : : 6), -2 (GepBank Accession No;
%1%%§%§§A%%%n% %ﬁg%%é%gﬁgéﬁﬁaxgg gss.oneﬁ% :ve: enabled the
RIS B TR B OB 1O) AP cHe- Ter Blipraekieh SPiferibozymes have 400 or
EBERupRStdoh such enpeentdivysedfobenysies asé diarNis ovhieh iinlibitedsed by
RBifng Hmﬁwm,%n}bgza«mtg:@m&agi&biﬁ%b&?%ym%r@é%{ﬁ?ﬁra’ B¥thain of about

‘ erg are various.rinozymes . .
B e e T R SRR D v

%‘t iﬁﬁ%’lﬁr\iﬁg&éév ]énzymes have enabled the design of
ribozynies thairpledvearhbaklrtia diteagpetificmanhesd Somentibelzyraese sequence
baye ¥ea mtaaemwgdw@e@ﬁ%?bﬁb&%a@&%gwwg@Té‘@@f&m&%ﬁ h%&am to be

: S rise as 0 called. .
e R e s S 415 o
Hoeidatigea Rbisihi F%?%Ha“@ﬂﬁﬁ%a%f&g T2 KIS REOSARKR BaGA -cleaving
(Prating Nacleiosioi dhardBnzyiie) 19801 135n24:94) REGrsexamplesaiae by
astoeRialybic domaln ahahammeseae i aame Flsayea RS SRAMEN  acent to a
target site (Koizumi, M. et o/., FEBS Lett., 1988, 239, 285; Koizumi, M, and Otsuka, E.,
Tanpakushitsu Kakusan Koso (Protein, Nucleic Acid, and Enzyme), 1990, 35, 2191; and

Koizumi, M. et al., Nucl Acids Res., 1989, 17, 7059},

In addition, hairpin ribozymes are also useful for the purposes of the present invention,
Such ribozymes are found in, for example, the minus strand of satellite RNAs of tobacco ring
spot viruses (Buzayan, J.M., Nature, 1986, 323, 349). It has been shown that target-specific
RNA-cleaving ribozymes can also be created from hairpin ribozymes (Kikuchi, Y. and Sasaki,
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25 G13U14C15 at the 3' side of C15. Base pairing between U14 and A9
has been shown to be essential for this activity, and the sequence can be
cleaved when C15 is substituted with A15 or U15 (Koizumi, M. et al.,
FEBS Lett., 1988, 228, 228). Restrictioni@nzyme-like RNA-cleaving
ribozymes that recognize the sequence UC, UU, or UA in target RNAs can
be created by designing their substrate-binding sites to be
complementary to an RNA sequence adjacent to a 30 target site (Koizumi,

M, Bual AGEBS. 6] 11 98872 Brd80ikiKetiz U K Maland SHsuka (Enemistry and
ﬁwuﬁéyﬁs%@kwmmg 4?5&2%&9;1 Npgle %&%'qem%e%@%xg@%§b%§l%8

3% %xangf and Can d%t chuds Res iﬁﬁgﬁ

di iitelly r| o U51R8 TIRRRIIG e %}gyeﬁleﬁf’ﬁ{gepﬁg?etm“cmpm
inventiore MﬁSﬁ%ﬂ}mé@ga@e%gﬁmaﬁw@mmrmedmmmmdemw
Gatellitdié MiAscofdohactRNKIg), IGSPOs WHiLSOS{BUZAYAR cdudfrishathii8quence the
39862323130 Dt L NASPEER §er Qwn that target-specific RNA-cleaving

ribozymes can alsof{ye cre rom halrpln ribozymes (Klkuchl Y. and

Sasaki, 18" R RUCHA & ergenas R87E TRl WnetieRt S?n%b"a%m human
w@@%weq(@wwwmﬁdd mem@y)remwzog@@m)oﬂm gethme project, and
Wﬁﬁ@ﬁ%@ﬁé@rﬁh&‘@éﬂﬂﬁﬁﬂb%@ genesenceding &&ﬁf@tm@&@@&s@%ese the
e ne trans t
in PRI él%%mﬁl%&f%asg élTX §Le / sé SRS yc,smp et of

enous genes can uppress

ression of e

Phtst r?erg feaTETHEpE 5’855}‘8%%“ B ERIANS AHERigouble-stranded

RNAs ddthpsrisinghansapnendisapnershnd as oraimilof(BitargeiNgeame (1998) 391
seflecncehérgieatinanydiceasadelaied Hanes bave bren H&Kﬂlbgous target genes.

t&@ﬂ&'ﬂ&?b%@%&%& Qttﬂéﬁngﬂ %&rﬁt}%%%lg% qﬁo%er%)? ca?n?ewasezrlg\{g SLaDy, lll)%cause itis

the recgf}nt completion of the genorne project, and. currentl Specifi

JaRt &%f@&vﬁ{&ﬂﬁﬁ%?&%ﬁ%@?%%‘fﬁ@%ﬁww Aevellopukitoimgns gpocificity
thaiglo Fpphication. to gemmthienagiioRdialtanterfedngRINAS (SIRNARIJAs (siRNAs)
wﬂalﬁhbm&@ﬁp@@&ﬁ%@‘é&fd@d@@%%&@ﬂtﬁﬁ%q{mﬁwﬁ SupRLesaionhasy 1

Hrgéﬂi"(@{% q}téggtll&p gg a henomenon discovered by Fire et al. |n
gg)% (Flre A Nature (39 i? 10%806 811), where double strand RNA
BraSiRs

strongly & Coaafany %%r@%@géﬁé@ AR RERFHAY referred to
b?e%ﬁlﬁlrﬁawnﬂgl}%lﬁémlﬁhi fecentlyeasmzemethodtagp idaileciis genelinesapyoduced with

hecogseitigrifisimplark thae&mﬂ%@@ pe-ugosiermethads¥siige RNAs that

{ ifi high. F t
R A B S o e

SHRES DR %‘ﬁ’@éﬁt%?ﬁlé?%&ﬁ%@%‘ﬁéﬁ%%@kﬁm%ééRﬁ&FAhlﬁ%@aclﬁcaHY and
stibly dffecthisteasyztoe eXpetimeduvithehassajoiancast candesheatiget gene, thereby

Nf&@&@l@%@ﬁ%lﬁ@ QW%&(Q@&%@Y&%@@% &§B§ Rﬁﬂﬁéﬁ%@é ften dsRNAs are
ssiel Eeed o lnalins o SR S BN
BRGSO &P abﬂ?éxﬁ%a%éoa@l}dfﬁr&%g@e@%mﬁ@«éemsmmﬁm
trevessequérees bormogoutite dhevinRdstohadarget:géagylabie to gene therapy,
@xnﬁgszﬁﬂﬁﬁnﬁlél&é 1RBticRMRLig: @&O%%Q%%@ds?‘%@%@smpﬂon which
sRBREMEan st dNe ARRNAS R speciically and.

In the present invention, the RNAS to be used in RNAi are not necessarily perfectly
identical to the genes or portions thereof that encode an above-described sulfotransferase;
however, the RNAs are preferably perfectly homologous to the genes or portions thereof,
Furthermore, the terminal portion may include an overhang of about two bases.

The targets of the siRNAs to be designed are not particularly limited, as long as they are

genes encoding an above-described sulfotransferase. Any region of the gene can be a candidate
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selectively to the target gene mRNAs, induce their disruption, and cleave
the target gene, thereby 25 effectively inhibiting (suppressing) target gene
expression. For example, when dsRNAs are introduced into cells, the
expression of genes with sequences homgologous to the RNAs is
suppressed (the genes are knocked down). As described above, RNAI
can suppress the expression of target genes, and is thus drawing
attention as a method applicable to gene therapy, or as a simple gene
knmeckgeat. method replacing conventional methods of gene disruption,

which %ﬁﬁ?@%@%ﬁ&éﬂﬂ@'@%&)@o@g PQQQHQE%%%QQ&QMH%%BN %I %42'5 1 gene
R e B 8 e B T Rt S
Mﬁ’&ﬁi@%ﬁ%&\l@f@@s@ﬁ@é& @@H@tr@%@ﬁ@wa}ﬁm@aﬁéma@ﬂm fprethe targets.
Poetenahlle peRieatyrhoimolagattd tadicogenesons @Dﬁi&lﬂﬁlﬁ@ﬁfﬁ%quences of C48T-1

o cor
Fitsd Fﬁeﬁt 6&%39%5%\6 @F@ﬁﬁ% BB e Rpeically, exampls
%%%ﬁ@%%fér@lg@mhwé@wgmé §ethe ledli vegasoaerditlate PNt 35, 26, 35 to 50,
fargets kad 63 arysiesstiRINAR miawhespsepared based on a nucleotide

Sequengg.Q Ig\ﬂé ala g¢ ﬂf’ao(i%ge@ lﬂ?o '&Cﬂs @} ﬁé&%gﬁ%&%ﬁ%&dg?g cells with

and such. Moré specificall
5@%{8@&?@%@@% %Qw eﬂé%dd”égfeaﬁa.@5&%@?&%@%&%@% two
RYpesntsle, siRNAs may be prepared based on portions of the
nucleotifie sesRBNCEDRETAATsckitgeRBAREL ) BeNQ:cdQ), dad Sil-8rIRPSxample,

ﬁﬁg@d%@ a}%ﬁl 1%4% SIRNEs Q%E&/%)NMASQ§§IO &1&? H%r%/x EIQ\I[QS which
g

C6ST-2 gene (SEQ ID NO: 24), or such. More specitica
é§° s SN %IEIS’WH&‘HE%‘%@%@&@& 06 e BRipsirand constitutes a
SedeqouseSEBIIOND S Ho2En35 hoss 0o Eutes6Bpatriof Sot0188)an intramolecular

Bnéac'tﬂrpaﬁx Shewr: heyein hehbbe siRNARAR bﬁﬂgﬁﬁ@d&&ﬁeﬂv&?ﬁ%ﬁe |r|1$ by
a Optln I mi ed.wit
ﬂa rﬁ%&% Ize%frﬂggﬁgxléﬁ%gtﬁ%@%ﬁ%ﬁ?ﬂ@gﬁmn t1[1)e s%\izg Pﬂ% Wgreﬁgﬁt invention

S|RN INn Vitro or met at com %I‘ISE annealin

h@*‘t&?@lﬁm tdsciiadeb B uiah twb@e%%oa%@ a few
thﬁmpmse&hfm preicintagdien SIRNASINIth fraivpinesiBECQUTeY (shENAS RS to 50, 55 to

sbRAMAe refegichshartdiai i RMAscmhighris are-RMNAsBolgeules witsa .2,
slam: P HolhiseRinge 8 B%fé&%‘a??ﬁ@%oﬁh pale sl adq&ams}ﬁute%e fmetion of
er portion

stran t%ementar y 1o anot us, mo ecules capa

?Sﬁﬁﬁﬁl FAPRTRCH iR We’&(i?&lléﬁ Wﬁ?&%laﬁéﬁﬁeﬁﬂﬂ@@ﬁﬁ%he
SiRNAsToEtRE psesedhinMidhticiR i 8 preferreddambopknietiy dddie grésentlogous)

tBaEaRs 'éi@o%iﬁélt‘h@ Aol Rresent vapiiom-Alss IS, R exANBE e ferably
%grlfl&lgﬁgggg s with additions or deletions of one or a few 20

nan si I\Fﬁ}m%ocgﬁus targets a specific DNA sequence (SEQ ID NOs:
25, 26, 387D S 5P EE N AhBEPaY BT EhERAdRSIR ARFWHIckRdamtood that an
suppressitht “ BXpratsiemaha4 8TiHe BHSE-U| 10dSFeIamiig) sranam N Avith a

gbent-asierg s thedeybla=strandedRNAshave thaifdretion terfering RNAs” or
“siRINAs”, The double-stranded RNAs of the present invention that have RNAi effect include
such double-stranded RNAs prior to being degraded by DICER. Specifically, since even long
RNAs that have no RNAi effect when intact can be degraded into siRNAs which have RNAI
effect in cells, the length of the double-stranded RNAs of the present invention is not particularly
limited.

For example, long doubie-stranded RN As covering the full-length or near full-length

mRNA of a gene encoding an above-described sulfotransferase can be pre-digested, for example,



10

15

20

25

30

35

suppressing the expression of a gene encoding an above-described
sulfotransferase. The RNAs used in RNAI (siRNAs) do not need to be
perfectly identical (homologous) 25 to the genes encoding the above
proteins or portions thereof; however, ti3® RNAs are preferably perfectly
identical (homologous). Some details of the RNAiI mechanism still remain
unclear, but it is understood that an enzyme called "DICER" (a member of
the RNase Il nuclease family) is contacted with a double-stranded RNA
bind [déGrade shitrinltodsayadhafiagprehiss called issall aptarfeing BMAS ifFention.

3@55@@&%&&1&5@%@99@|§r§$§%@g&9t&}!ﬁtﬁlﬁfdmﬁa1@r§§%gm'§fk}@ﬁ molecules
e%}l/e I}j}?b %Ctl tﬁ sSuG O%Jliﬂe sttrancéed R’tNAs rior. to eln%1
egra ﬁy, 4R R SR ARG O RRIRL $hiLY FriRrL TR MRNA
@Wé@%ﬁ%ﬁ%h%‘ﬁé@ﬁ éaﬁf%ét deuptged e ﬁiﬁmmsawnmmwmmmy determine
effecs Wit AhelangihtefdReide ubtrssiranded RDEEAsRE the present

|nve ntlQ'Eé%l%%&%ﬁﬂk%f%oﬂmQ%Qm@dﬁ%ﬁ%%%%{ﬁe I&rl‘.g Qéégliloen %Eraaﬁqgl effect”

r|n Il-lengt ear full-len gth MRNA of a gene
enco ?\{S ;égsnge %‘@ gé?r%ﬁ% 2 %PB@%F@%?@%%S rthe above-
‘é@éﬁﬁ?ﬁ@é‘lﬁéﬁw@!@@“’hﬁh Hecar gaiedieyfheldoidrieprothdetsFodAash Fusadmple, the
dsiblgenta@iitRa presen mmtummenﬁ&es&dﬁgﬁ@g@a@@aaéawﬁﬁ #Bleotide

S8 deyib with an
Vg%%ef?f %ﬁqgﬁs%eﬁgjﬁﬁggésﬁmo S ec#I %@%%Iexg Cfffaentation

TSUInS O SRR B A A RO R SIS AR A that is 2
rasedrEn{the mdertitsljedeterntinBER BYIOAs 2§itmR N Apaaéfdotbie thmnded RNA
cofiNAadifighe e rgsote StiibeckakovehEhe @QQM@O%@%B% methods to properly

sggal@ gz@,t\r@&gleqc@%me Lol SURRIS S5 ﬂga Al %fgfgecf;}ce Ganbe: e

swta e{ pareg ﬁthose skllled in the art based on nucle

FIAEBER EyERsE ST Sl andfer 8 qpaRiths erandsdtaiready
ﬁyrﬂ&@@ma@@ﬁd@@w Fadidxdetateinthidedoulbteidtranued RNAS other
afdhe @repriiciventiondaThepienales hasad o %BHQ&?%@%&Q SIRNAs using
é@&ﬂﬁ@fc@a@ [ERR hl%e?c%ct@ @Wﬁﬁord ol within the 1 ;&n SR suppess

ordinar experlmentatlon for those skilled in the ar 10 selee

COHSENA B RIFA RGBT RSt KMt is a transcript of the nucleotide
sequenti 6FSPE dfXiNOreest andmikepacacovblesstigndiadcRNA of double-stranded
ROTASSROREdng mgmé@@@@sTM%ﬁwlﬁﬁm@%ﬁﬁ @é@%}@%ﬂ&’é’&%m
551%&@9% RIQREII. SElGEL %%% uﬁ lé?e[g e?e}ﬁ't stroi% | effect

from the mRNA sequence, w FARSCHDE Of eeniffc SoTEn

SRR & ‘i"E? N@é&ﬁﬂﬂ%ﬁ%ﬁ%ﬂd\‘%@@r@ﬁﬁéﬁ% 18|PeaRgpt sequence by using
jdentifiediathoseisiiliedbiicthecid spathesoadily DEIERNine/the hMeleokite ceneral
&%ﬁﬂiﬁ‘@ﬁﬁl@ilﬁb@f@ﬂi@hﬁﬁ%@ Q@m@&m&%ﬁ%@ﬁ@@ h?ﬁ@sﬂ&hlﬁg d?the present
ﬁt\%ﬁﬁ&ﬁn@ d%)éoggjgg %tglym%ﬁ pare RI\LAS using a commercially availab

nucleic acid synthesizer ernaflv ely, general custom synthesis services

may be’ e RS WS 8 T & & RaNes i GorRIISIRIGAS [ oR tes sy gt to be
iibpantiortidee (ROt cEpsdfiyeBingte pairsrobdduhibesticlciettsRMAGuLing the
ditevtedriodararhseRURRGESDHE AV R @B{twﬁ'ésﬂgﬁﬂﬂg Ql&:%xynbonucleondes The
ggﬁ' b!:%r? tgggndﬁggRrﬁeéns that although the sugar moieties are structurally differently, the
nucleotide residues (adenine, guanine, cytosine, or thymine (uracil)) are the same. For example,
deoxyribonucleotides corresponding to ribonucleotides with adenine refer to
deoxyribonucleotides with adenine. The term “or more” described above is not particularly
limited, but preferably refers to a small number of about two to five ribomucleotides,
Furthermore, DNAs (vectors) capable of expressing the RNAs of the present invention

are also inciuded in the preferred embodiments of compounds capable of suppressing the
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directed to regions that cover the target sequence. Herein, those skilled in
the art can appropriately prepare the siRNAs as nucleic acid mixtures
matched to a target sequence by using a commercially available nucleic
acid synthesizer or DICER enzyme. Meanwhile, general 25 custom
synthesis services may be used to synthesize desired RNAs. The siRNAs
of the present invention include so-called "siRNA cocktails". All
nucleotides in the siRNAs of the present invention do not necessarily need

l:mh;&sﬁﬂﬁ(ﬂ:ﬁ]~ telgeticendRINASHe 3&%@@@&%%&&%&@ ﬂ’e%ent mve:ntzon The
st cealides sty CP.%M BEBGOS OL S RN O ERIRD Y B on ar,

deoxyrlbonucleotl

Iace w orres

o%seé’& @N %‘é%%ﬂc P e g e RBreTia doé astanblarampded RNA
eifferBhy e@ﬁ@hﬁgj e otive vegidubth¢aldebinetrguirdiRe Aytosiniedorith promoters so
th&mﬂﬁembgf@ﬂ»t&r?ﬁﬂ&%mﬁhfﬁo?ﬁﬁ? ﬂ?chg@ﬁééggnﬂgﬁt%l{j% be appropriately

nine refer t

g%gﬁégé’nu%%%‘ée@%ﬁﬁﬁ S e b ol
FP&F%% SulBrT A, VBEFP&@?&%B{;?SF@%%’%@%ﬁﬁam%\mmddﬁa@@awely
e tadibe! fiborasdiestiteBNZG FittthererorenDiNAs: (vectark) s &pattesapression
expsessing the RN-As of the present invention are also included in the

preferr cggqg of. compaunds capable of suppressing the 21
expressgl&onaxoaf@t%e e R RoRB e B oo inlude

- PYERaRRteh E AR E %f%"r@)’%‘éf‘p%ﬁ@“éﬁ‘éﬁ@éf@?éiﬁ@més by binding to an

@mmeogtm@edrmmm eepeesentinpvintibovaréssdabexaniplantdidAss (for

sytwmq;wem@g@%% ; a&%&a@g&%@@%ﬂ%@%@ 3 fragment
codin er strand of the e-stranded

%'}AI)‘IO%(EE?IQN%()?% (961‘1%9(%?1 aSC’:Eh SCI1 %éLg? ng z&femerferm

are Tinked with promoters so can

SBEARHRAoG Hﬁ@%?éééﬁ’ﬂ‘#ﬁ?éﬁﬂ%%aéﬁw%@éb@%%ﬁ@t&y ¥¥éplreridny: Those
thiked sikitledinahep proprsirdy stancdnd ghadtc @RGIOEEKRY xtﬁeﬂeﬁtl QIESSIE the

Mﬁ@s@ﬂ%@ﬂﬁ@ﬁéﬁ%%&%&ﬁ& ‘éﬁ&&&i&&@ﬁiﬂ%ﬁ%ﬁé&éé %}&&Qn methods,
e&%leqeb%adreguately n&serc?%ng DNAs encoding the RNAs of

as
presen mveﬁtlon Mto various Known expression vectors. 10 Furthermore,

the exprEERmBRAFBNiAY epstareasblt ohexpressng ihyebisradsubintRIdes of the
pomponndsithat drfubinthelek pressiordétiie dheve-deser ﬂéﬁﬁ)ounds capable of

siMfatansiesasrsshy Binding.10,at X RIESIQLoMatony segion of a gene i€ present

encoding hre abovle ed su fotra ferases (for example, a promote

ri
regloth o uch com eC)un ngﬁ’rs o%‘?an%& %@é‘??é‘ﬁﬁa fee %Efiﬁ'@ dﬁ’?ﬁﬁ?ﬁéﬁt‘ble“
VS PﬁN%PEﬁ'SE%1@%%6&%@%@@6%1@@8@%@@00&% one strand of a
dofotratnsfdrd 8&lto parfdhisl nsstegnirg methads using @sEB-RdICRIOENA are

rme@qawnmm%mmme&sge@@tTLGQeS&EﬁM'%dL%D éﬂ%afsp%,%gpnately
ae I’Oeptgat%gl %terrrljng rcom OUI’] s of interest In Ibltt

BXpression of the oveﬁg\I EP% BAPTAL N B R o S S Har e fererissis pReineering
s R?%@@Pﬁ&ﬁ@éﬁﬂlmﬁ@mﬁéiore‘mme$ eSeysaaend suehtion can be prepared

Bustiperpiorey Dbbdnvbtlatsncafiap Bedt O XRIeSHNG:#8ahoMa 8 8RS us known
B;%%s%i@ﬁ%%to?@ present invention are also included in preferred

embodilg?eefg f the gs apable of

em 0 Ime ts 0 ove -described vector of the present invention include
vectors expressing RNAs (siRNAs) that can suppress the expression of C4ST-1, C4ST-2, C4ST-
3, or the like by the RNA] effect.
Antibodies that bind to the above-described sulfotransferases can be prepared by
methods known to those skilled in the art. Polyclonal antibodies can be obtained, for example,
by the foliowing procedure: small animals such as rabbits are immunized with an above-

described natural protein or a recombinant protein expressed in microorganisms as a fusion
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inhibiting the expression of a gene encoding an above-described
sulfotransferase of the present invention. For example, DNAs (vectors)
capable of expressing the above-described double- stranded RNAs of the
present invention are structured such th& a DNA encoding one strand of a
double-stranded RNA and a DNA encoding the other strand of the
double-stranded RNA are 25 linked to promoters so that both can be
expressed. Those skilled in the art can appropriately prepare the
phvuevddsciibed DMKsOftiE present ifventionhising Standarct geneticand purified
@D%?@?Qﬂﬂe}?@ﬂﬁﬁ%ﬁﬁs&ﬂ&é%& g&wypmiﬁé%%_@@ﬁe&eﬂﬁ?@@gﬁmxmmge
resent invention can he prepar approptiately.insertin ,
D S R S SR o, sy
REREsEionPe i SFePaD PHERstFs d Mriss ik AR irirecap by ehisedibeghe following
pectdnef thelpremerit svieatinicinchutenusctar svek presengdedNiis {SIRINAG)s ferase,

ShateanISHpRIe S5 the exPressien QLA rdn ST Hé Slsda % 108K s, The
%Y]Ithee%lél,%l “e:ift%d' Antlboplles thﬁlt bind to the abovg-des

ribe
AR e bR (38 B RSt ahon i 2 MR ckfbioh Clores
RS erdiea e s e e edssmbad suioianeprsiear 8 lsgtthdrom among
fiodlmwihigpp foeddulie (syhatlanitnalhsubtriasd abhiisoare inmisnizeskwithaannto te
Abaye-AescrRedmatyralRiRLain o5 B LREORRINARLRIRIEIR EXNESSESdRies can be

mictrlgg apisms a a fusion 22 Elzfo%eln with GST, or a,H?artial peptide ,
RS S s A R A B St AT 3 RSP R L B T PG HR ST oy C¢Bms. DEAE fon
SRS RO ARy s aiffiey sroemnsgrom sdrviginrebr e dsharhed DEREnsferase,
spntlexchantdeschrematography, affinity column coupled with the

sulfotrapgierass Aasaribed abavE. SYKR %{iecn&ﬁ_‘p%%&xﬁiﬁ‘ﬂ%ﬂe&%?g&gga{&hey bind

t%nﬂbﬁ)dk?SdMono%o?ﬁl ant odiesf %an be obtained by the followin

O B P A P TR ST B B B AR R o e eiyp cies of the present
BEVecH e isus et dedierdsenaped paitaldirs pricktethier gofic Splesbization,
fsgrremosedditla the dnesandicasbedetoiisalateaalsnd hayaelis af@ monocional

fusschwith-mayse-gaveloma cells using a reagent such as polyethylene
glycol. Clones g}g)%ucing antibodies that hind to an above-described

sulfotran&TeTaLAS L UERIEESR! RO ERRATE SRS TSLIAtISRISERT (e espare antibodies

w/eridonies )t Treobilinedmylsnes m o mre bivritransplanteddrioahel kBvever, the
pettianenl pagitits demieefonchasciies, joleciadi heoRiAiReshans. Human-derived
ﬁp&gﬁgl%g)hﬁmm %&ﬁ%& %@%Mﬁ&%mﬁ%ﬁ?%ﬁf{%ﬁ e@;?;ﬁ'r'é‘p@a?éi%ﬁaimd by

recipitation, Protein A or G columns, DEAF ion exchange ;
%ﬁﬁs 38 ﬂaa%/?%fﬁm%}%?ﬁ?ﬁﬁé @Bﬂmémaﬁmﬁcaﬁé%gﬁéééﬁﬁ@a

sulfotrabsteragsensinyetio. peppidtsnotodgoksed hesemtibodgemogdemay be whole

gg@s‘m@;ﬁlmﬁi@aﬁr@ m&%ﬂ%@b&ﬁmﬁ%@&&ﬂ%@ﬁ%ﬁiﬂ&% f%. Ample,
o- the pre nvention..The antibodies .

& ?ﬁ\‘éet%rei_‘i%?ﬁﬂvﬁéﬁnﬁ%@%@%ﬁ“ﬁ’?}ﬁ%ﬂ“ﬁ%ﬁ%@%& B A e

FEREHT GERL BRI SR Aot Ay et S Prab dieihrb daamcst Sert
antibodlegdfitedditionenitiegroiyciomal andaloritchotiginantivudieshe above

Besedted Abave 1 ihsnapalTe ke R esen iRVt Yser A SEASIYENY xm be
?é},%ﬂ&@é ;79 WGRAME tﬁ‘é‘{%‘?&h‘%s@r with cells expressing the proteins, or with lysates thereof,

and the sensitized lymphocytes can be fused with human-derived myeloma cells with the ability

to divide permanently, for example, U266, to obtain hybridomas that produce desired human
antibodies with binding activity to the proteins.

It 1s expected that antibodies against the above-described sulfotransferases of the present
invention exhibit the effect of inhibiting protein expression or function by binding to the proteins.
When using the prepared antibodies for human administration (antibody therapy), the antibodies
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20 are not limited in terms of the animal species from which the proteins
are derived. However, the proteins are preferably derived from mammals,
for example, mice and humans. Human-derived proteins are particularly
preferred. The human-derived proteins &an be appropriately obtained by
those skilled in the art using the gene or amino acid sequences disclosed
herein. In the present invention, the proteins to be used as sensitizing
antigens may be whole 25 proteins or partial peptides thereof. Such
particdipeplides:af théymatéins amdhodes farcedampleluaminutemainady(N)
fragmentg-anchearaowd %@éﬁﬂ@ﬁ{\@ﬁ)z&?%ﬂﬁ%&ﬁ@e&% B SARIR Row-

dies" e, fer to ant that react with rotein or
H}%?er%l;gnt‘Wegr of Th a&éls |5%13%§ w%atmunlzmov?lo SRABRS are also

iAo BibTeS sehle ﬁyeﬁ@&m&gxer@mmmmbw@sieﬁgnbed
exémmphefcEBevirtissinfectad fumasndyrhphocydes: eay be n&@r&BﬂSﬂﬁﬁQaﬂbompounds.
VitrQwith EH@&E@&@&B%MMH@;&S@&%BP%%@AHM e Ht&t%ut%m%wmhv%%t&& led in the

ther f and the se tlzedl m hoc tes c sed with human-derive
?n@e?oma TR RS ki 1:”[P IVI&ECB&E a‘ﬁee?ttﬁ?nﬁﬁlr S BRsTactipgsg ethods
556 Wrdomas that produce desired human antibodies with binding

activity to hdtprgteinsutitis@xpé diegritaiianibemicc.pgainstitiebiting the expression
apmfggm@egéwf@éga@@ts@?@ﬁ%ﬁﬁ@t@ﬁaﬂm@ %Rtt?%ﬁ?é@b't ]

@é?ect of I_rr'llglb R@ Qote n e on or f ctlon by binding to the protelns '
en usin 3’8 eé?s é% ‘?8? Esitior PAnfpBEnt-Regative

fHeTap s é?ﬁtb@a@gwlﬁrelﬁfet%mmmahr@mhﬁmmemm 4 ot 6 of N-
amﬁgdﬁmmmrrt&fedpﬁﬁemmmegeﬁjﬁ&yafw eRIMmeres MINARESE A tvity of

%@%'ewd%ke&&t@fnwcé%mﬁm%e flou gl tg%gtastttf%gnsfer ses that

Pound that bind to the above-descri sferases are als

:ftrwm? UiGbd SH R S ABEHIRCE L Sy bR B IRHASATATHE function of the
above-ddscabid st izmssiet ivestiSubnt iohit oldfatiar avpightion 4 or 6 of N-

suhglgnaassmdyehrnatiurapariadifigial-eanrnaids: ﬂ&rﬁ@ﬂﬁé"%ﬁsﬂ?@ezs Therefore, in
Q%MH%BQ@IQ&P ERQHgC&‘?s%E”BQt?}I% gtqgvmt%%goaqg éerc;)ivpygutq) tho BrEventwe agents

k|| d in the_art. The compounds of the present invention‘can als
MREFRIS $"deRsening methods described below. In addition, the
su bsta@@@@a‘ therppedirmiprentidvetdpeblet abiskbifin o fere ex peefsioiterapeutic or
@&Wnﬁiﬁ(ﬁffﬁdt@ht&%@b@yﬁsﬁiﬁﬁﬂﬁ@ﬁﬁ&fﬁﬁﬂéﬁﬁs%ﬁ'ﬁf&@“F!';%r to a partial effect.

dominannaalive, %‘5@ r%?&'ﬁ%é;%&;e atkv fed ro%%'rtr’h Jgrgtttone gye the activity of

above- des%rlbed sul trans ses omlna t-negative " protein

PRV eSS SO R LR THAFH B Sk A8 Pbsiton 4
eedyiTaNciasanigatduitbsa minest refEbiozprotain$witptiferfahetibodihents of the
recksaiigventahalishing the-activity at-grdogsn foLé%Wﬂﬂge BRSP @%%pﬂbrogemc

QxRIessing:the. coding the sulfotrans es that 15 transfer a
sulfate to pbsmcgrgl%%gr é1 of ?\Icpageltlﬁggjlactosg%?ne e THRIBIOrS G ghasent of the

BFE¥BA YRR on that inhibit sulfation at position 4 or 6 of N-
acetylgdlbettisamg dreestsifer siseutitborgpnay éintiviereffethfosrfilagenittion can also

dispeREs.td herpigreviky A preierakarmacimentde-RoeRR i IR fibrogenesis
RERERANIMHRTHRN AEIRRIRPRLIGAPIRYETINE A90MS on can also be referred o as

it

, ‘pharmaceutical compositions”, “therapeutic medicines™, or the like.
The “treatments” of the present invention also comprise preventive effects that can
suppress the onset of fibrogenesis in advance. The treatments are not limited to those producing

a complete therapeutic effect on fibrogenic organs (tissues), and the effects may be partial.

“pharmaceutical agents

The agents of the present invention can: be combined with physiologically accepiable

carriers, excipients, diluents and such, and orally or parenterally administered as pharmaceutical
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for fibrogenic disorders. 20 Herein, "therapeutic or preventive" does not
necessarily refer to a perfect therapeutic or preventive effect on organs or
tissues with tissue fibrogenesis, and may refer to a partial effect. The

tissue fibrogenesis-suppressing agentsaf the present invention have the

activity of suppressing fibrogenesis through inhibiting the sulfation at

position 4 or 6 ofN acetylgalactosamine, which is a cause of fibrogenesis.

Thus, preferred embodiments of the 25 present invention provide, for
enapopiinth ebag epticonpréventheef@genttgtantissyevfilzrogearias, digamersolutions,

%\i@ﬁbﬁ%&ﬂé@a@és%} %QM%' ngledis eaf&%ﬁygf %&g%géé%ﬁ?y%@é ?éﬂe%ted from
agent of th resent invention. The 't ragse(utlg r‘lﬁlé?fems for tissue
n

. _‘?%‘b“é‘%i;‘: IEGTaeTS O tRe PreseRt VALt &5 SRR 157 he like.
MYREHONANRS Bge RtRPreRtRsS Jer ABbeyarte wisoraarecuisntintisserifitnrdgeteainial, and
BfragenisjcaiotbetikehdikanThlestheagepisobibegiesentinvepionda)n
ak%&Qﬁsg%rgﬁ&t%&&ane;mmﬂ%@qﬁ@%@ﬁ@m@&&% forms fhat contain

om o§|tl s", "therapeutic medicines”, or the like. The "treatments” o
%%a ?8356021' |ﬁ\%er?ﬁ%tﬁ%’@gl%ﬁsi€ﬁ§éaﬁrg\% FESHESY WA can suppress
the onsEArGKABRYY dxveisim el atremisThEonsambe mrodneshby livnitecssong and
thasegptedyeingoaleomplatedherapanicefioetion Jikegenie® 08Rstegrants, binders,
(Hissusn) Andhaerects may He.natial3r HASAILNR 92&&?{;?5%%%1, and the

vention can be g%mbined with %p siolqgically acceptable carriers, _
L, RPN RS CAHEC TN, A Sy S s ey Bl e calcium,
pbiin ke ulisesdnelydepsitioaic Qe yhvalWesin ainbpfdpvimyipyrrolidone.
randl eshraeivdeisudaip{sneapsiles seluions semulsions, suspensions,
_or_ the_ llﬁo%@o%&@%ﬂ%@?pﬂfe@ %%‘i@@‘é&%ﬂ&n? 1, Q.eesglgf’\ ed pfl‘reos[arlllt Invention
injections, infusions, external preparations, inhalants hebulizers),
KB SBURSRES S SRAhETREI AR SH AT SrRPISFHHIGRS RoyoXYethylene glycol,
subshtedrdsuseimrarnesngagemtraperitoneal, intracranial, and 5 intranasal
injectioma@lﬁiﬂitﬂedjkﬁioﬁb eaﬁﬁ@ﬁfb}iaw&%@i@ﬁﬁﬂé‘?ﬁ@qg?ﬂm ﬂ;}e present invention,
QNS t . iques for formulating t :
%%%%%%e%{?;%é% Q%?%g%’%?%it ] SERIAES b o Secotving o
TRERTBR B SRR A HGPSTHCAID SHE RN BRA. o eBasrion pabhetsckinesgns can be
avnrsistdationiog b prddutecd byigemipressitignantl ishapiper thevagertissed
Qﬁéb@oﬁﬁ&ﬁ@ ﬂis&&}z‘ﬁﬁg QB ﬁ?ﬁ@%l{(&ﬁtﬂé&?eyyﬂﬁﬁf%ﬁ@ﬁ@lt§ai?i§£ @’@}%éution or such.
S N[ ike, Excipjents.comman ed include .
B S e PR s et s
(HERGERPE ARSI LA A8 PESFBUAE I SHAR RSITASSB atcherddather this fire. Known
Biridarsninedode syanrasabion catide/métiycstulosas@beladded to the injections. In

pedvinyByERIRes:s HBOWHARIIRaDIS BRlbHE: tAle, TNRAGNE SN SIRAR!Ean be

an guch. Known coatings can be applied to tablets comprising the agents
o?t e present invention 15 to prepare enteric coated formulations or for

masking: EWAIEeiBsaL T YemIEn G REon Br Sadhresn e sekid heuid, or
scooatihg agentitdeaiwhitersnjectiohprezmabieprepatesh iy difgalyiagniigitions can
BoenisRlthaRresent dAYRHRNS as described above and then used as external preparations.
The semi-solid compositions can be prepared using an appropriate solvent, to which a thickener
1s added if required. Water, ethy! alcohol, polyethylene glycol, and the like can be used as the
soivent, Commonly used thickeners are bentonite, polyvinyl alcohol, acrylic acid, methacrylic
acid, polyvinylpyrrolidone, and the like. Preservatives such as benzalkonium chioride can be
added to these compositions. Alternatively, suppositories can be prepared by combining the
compositions with carriers, like oil bases such as cacao butter, or aqueous gel bases such as
cellulose derivatives,
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which are chief ingredients, together with an appropriate dispersing agent,
or dissolving or dispersing the agents in a dispersion medium. Both
water-based and oil-based injections can be 20 prepared, depending on
the selection of dispersion medium. When preparing water-based
injections, the dispersing agent is distilled water, physiological saline,
Ringer's solution or such. For oil-based injections, any of the various
vegetable oils, propylene glycols, or such is used as a dispersing agent. If
requiredyBeprasegvativE Bueh-amnatehesh maRe added ALIS 08, the agents
PPYOGRAIRIAING, Q8RR SHS 33 20U, SR, AN ERse, 6N A5
be added [%o he injections. In'25 addition, sootmg gagen S sucﬁas
%‘%ﬁ%’éﬁ?&% umeh fé‘iﬁH’éSéﬁﬁ“BFoa@ﬁﬂ?é’lH&?dF%ﬂT&rP&é“@aﬁ%%@a%d’é%ll? vectors, herpes
HFey Megioelyatsetagenisvetthe micserd meentioméimberforvaadrintoresidectors
Hiondle i senirslidre@smpositions to prepare external preparations. Such
solid or liguid. ¢ it] C e prepared as the same composition .
as d scf}%%c?aggﬁgﬁa%n%gﬁes r?ql?ggbgrg%e %E:(l ermal p r‘éaﬁagreaﬁ%%g Ny ‘g]é%eldi%to phospholipid
gaﬁﬁf%&ﬁahe&%%gmsﬁ%%élﬁr&%%a 8iRG MR HBFESr desisdventyiog sRNAs
WHdRMN thick evreduesd dde divkreglliy bel IindtetioatHikadeoliitds polieihylene
@l’}'ﬁéﬁho@ﬁﬁ i&ﬂlﬁ&@@%ﬂf@ﬁ&%fﬁﬁlé%ﬁ%eﬁ@lﬁﬁ%ﬁ%@m%%ﬁﬁ;ﬁﬁ cells can also be
ite, polyvinyl alcqhol, acrylic acid, methacrylic . acid, |

L R B i periorand

BHAE CETHECHRINEE ORAESECRHROStAS; AterHeiveljuetspewitonisy
éemddedpiepiarsduby molmsiningvie 86 tom plsitions withisawdershdikasalterefore
basesiTEhagc AR L AHAHEAUS AR NALESHFN 88 ECIIARE cxample,
Berivativer.25. Whendie agsniaol e presetinvention are ysed as
gend therapy agents, the agents may be airactly adPrimetered Hejautie siRNA
o VEChEra Ca RGP BCHEIAE Raeter gy BcisawifsifrratncBats webtoredy when
intlebieiguibnovies veidiarsioadenoasisa¢iata viMeMaGINES, MeInesovimIF67-710;

URRIPLST VACHINAMITISHaGIQr S 61raVi Rl e ciats. ANdlentivir 1OrS, .
hese vectors 5 allow eﬁi%g&t{e%d[gg:nistrg%?gn. A‘Ieterr’1ativel)\}/%k ?%%fg%g%%t%dg(fmg drugs
e

TOSCIIL 1IVENon are no 0. . L7 h
t plpesent Invention can be encapsutPated into phospholipid vesicles

such as'RS@&eRed Bnbrifeh ETegiete sdminisirad tnimsmel. ivibsipiedumans at
oAy SIRNAS dosshRibAsaatesintinduoce defedgivenserl SN HIRORGHORoses of the
Jé&ﬁtg%wﬂél}ge@&ﬁ%ﬁfﬁﬁbﬁ @ﬁﬁé’%ﬁ&ﬁl&f&? Hy@ﬁﬁﬁf&fjbg?{e ﬁ%@!ﬁ%ﬁﬁoners or
{;r%re%\lé%qgﬁjssall egrc!omr%é%ﬁe%%”&s T e cellts?ﬂ_%?n alsq ge 10 locall o
Administored INto Hasues or seRswith giess! %‘iﬁ?\l‘ﬂ%ﬁ@é%@ Hgpféent’s age
QpEFSPasIrRpEsTRnp St ikan Seripronplesefspadsion efedimivitred once a day at a
thmlmgf?ebpm m%mtttéiffaf;map@dfy dﬁlegf aded \G}blﬂ:;i,oaﬁﬁnﬁugﬁ MeGl8RSary depending on
@ﬁ&g&ﬁéﬂ%ﬁ%ﬁ&%&ﬂﬁ}%'fﬂﬂtf&%&ﬂﬁéﬁdﬁo@ﬁ%i%%% agmand 19t o,

the dev&lé)!%r;rl]%l%ﬁf pgu%g%ed and e%gcl}gve delivery syste s Rs oné

example, OCHIya etal. Rave Teporse st S 6EBR e AaDBi< BRIty Clontech)
Praterarcrbia HMycssitibies sIRRRNTS baeriengbetsuseoitdrasthe activity of
protectibgsaueleichaciesdterprueieases it thehosynhenmixedihithe:
%ﬁ%ﬁéﬁﬁ'ﬂﬁﬁ@cﬁfﬁ mn% ME?J% QQEQB/ g‘y -tIESS%teq{brlf\)lgaéﬁe'\sqg,ddﬁtlpgrgf%fa%ly include,
cargiac cgéorders, intestinal diseases, liver diseases, hepatic disorders, kidney disorders, cranial
nerve diseases, eye disorders, pancreas disorders. '

The “diseases caused by fibrogenesis” in the present invention is not particoiarly limited,
and spectfically include, for example, elastosis, scleroderma, chronic peritonitis, and
retroperitoneal fibrosis in integumentary and epithelial tissues such as skin;
polymyositis, dermatomyositis, polyarteritis nodosa, soft tissue fibrosis, chronic rheumatoid

arthritis, palmar fibromatosis, tendinitis, tenovaginitis, Achilies tendinitis, mycetoma pedis, and
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Ochiya, T. et al., Curt. Gene Ther., 2001, 1, 31-52); however, the methods
for introducing drugs of the present invention are not limited thereto. The
agents of the present invention are administered to mammals including
humans at 20 required (effective) dosesgwithin a dose range considered
to be safe. Ultimately, the doses of the agents of the present invention
can be appropriately determined by medical practitioners or veterinarians
after considering the dosage form and administration method, and the
patientspeaiandeight §s\’éﬂﬂ§@£ﬂ$e a&ﬂléa adikenfgrsexample,

nevir are a mlnlstere dose of about 1Q6 to
e N e T
ERPRIA G A s R G ED f§é‘>’i %t%@rﬁdﬁalmré%@ﬁsmwerdwmyoparhy, heart

hdmnissaiorfcegirenoypatnyddifssge fotviru@omemeitciallyratiailabiegene
E@dlﬁfﬂﬁdﬂ%gocfo?ﬁ%@ﬁ MW%%Q&%%S%Q{@ Qtﬁg]gte%@% Qﬁrb‘ﬁi% éﬁca.rdms
Ocar 1al%1§'(’;15é5860r ShRNA?a{] IIOaSr ett SUC gansue g.lg?a%gcsuars stem
treate or rever’ltegilqbyY T o E e R T RSt L R Y
ﬁﬁﬁl%?&ﬂ?’ﬁﬁﬂfé’ﬂ%% 16/& as they are caused by tissue fibrogenesis, but
grefergbiycnoitideCr@0 calisiae dikerdévs csltastned ditegesilyeironic hepatitis B,
Qiﬁﬁﬁ@ﬁépé%ﬁi@@'%ﬂl%ﬂ%ﬁ%a@Bﬁ%&@@&ﬁ%eﬁ%@'@%ﬁ@r@ﬁ%@é@ of¥Ggen

%sor,e 1sé rga§ ers The dlssases caused yflbrogeneS|s in

Te presen |hv Aton 1 |s IS Partcarany Oéﬂﬁogﬁe?ﬁ?égﬁﬂﬁc}ﬁ‘&gmmm
3 é%é?ﬁb?ezéi%f%‘g@rsdémw@hF@ﬁnﬁlpéht@mgoaﬂdwpeﬂensmn hepatic

getnoperitone abfitd ddisinsimig e entatysanttepitielinl 4S566 $a84 R @Snonalcoholic
%Qtzt%ﬁmmm%gﬁ Q&Igaﬁ{&rﬂé@a%ﬁ'%&94%3%&%5%@1999%%39%}'?%%315 parasitic

brosis, Ch[‘OﬂlC rh euma oid [ItgiéDa mar fibromatosis, ten Initis,

o T AT TRUARAE Sy Leonfor BEBIS AP Bfsleross, Crco's
@Hﬁﬁﬁﬁ.?@%éﬁ@é‘l@%ﬁeagr@éﬁﬁébﬁwn@é@@s anidbhausictbesimgielbfiisosislting

hypersplan msumﬁwimdgﬁady%rmmmaﬁtgﬂﬁa@wmﬁiﬁasgbﬁﬁ&é}&%&ehm

Eﬂmgéﬁogﬁlé?%ﬁﬁoﬁQ qHM%f?ﬁlés@%ﬁﬂegﬁﬂg &?ﬂ']ggﬁﬁ%s% &3 élmrrhosm
c[gllo g\xerifs:tsX g fallur% rgt?rlctlve cardlomyopa

ARSI EANG 6mrygﬁ7é SRS B E RS Haﬁ‘??’ﬂ?&?amry cirrhosis,

ﬁmﬁm@aﬁﬁt*:ﬁmré}%tén@ﬂs@naé#@ viathesstenpsiksivheshicperieanditirhosis,

pttecal diafbidolo siat ooy eadia) Bliesisiandisueh dlapadissiRStestinal
%@Maﬁggl%rlwétem such as bone marrow and heart; chronic

ane |t|s Croh sdlsease Icera ve colitis, alcoholic hepatitis, chronic

e £ OB A e URE O CRER Ao RS i s e
ey BeRomSy SuTsE figpeis gesaci Destordyeddis sapbaialphigstesnytnypsire, chronic
dieficienaypllemoeh nstosit-as BRMitsie Vpesania, SRlaCIRSEMidosis,

%%!Béé@gﬁﬁﬁw ORnfRNGE Lﬁhbgeﬁ Hgi?%',%sﬁﬁ%‘}l?y ; ﬁ{é%ﬂt%r%{}m preumonia,

erosin

ra 05|s Budd-Chian syn
%*&n% %f F‘ﬁ%ﬂﬁl%ﬁ%@“ﬂ%&ﬂﬁ@ O N ORIES FGErgafidiopathic
h@m@mﬁib@ss dievtiolicpsimaogis abiealitin hosig|tpafasitics, diffhesis]toxioy

ibirbasishisaphopatiel piEIRSiS ORIV S THeRIRiIRNANERCIReS!Snchial
FBEO bR AR Ao Ind S BSO8R REF QBRI R 01

unilo ar cirrhosis, cirrhosis result
maie hypogonadism, myotonic dystmphy, fibrosis such as associated with Peyronie’s disease,

chronic tubulointerstitial nephritis, autosomal recessive cystic kidney, myeloma kidney,
hydronephrosis, rapidly progressive glomerulonephritis, nephrotoxic diseases,
xanthogranulomatous pyelonephritis, sickle cell nephropathy, nephrogenic diabetes insipidus,
autosomal dominant polycystic kidney disease, chronic glomerular nephritis, IgA nephropathy,
renal sclerosis, focal glomerulosclerosis, membranous nephritis, membranoproliferative

glomerulonephritis, chronic pyelonephritis, renal amyloidosis, polycystic kidney disease,
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from chronic nonsuppurative destructive cholangitis, obstructive cirrhosis,
cholangiolitic cirrhosis, biliary cirrhosis, atrophic cirrhosis, postnecrotic
cirrhosis, posthepatitic cirrhosis, nodular cirrhosis of the liver, mixed
cirrhosis, micronodular cirrhosis, compensatory cirrhosis, decompensated
cirrhosis, macronodular cirrhosis, septal cirrhosis, cryptogenic cirrhosis,
20 periportal cirrhosis, portal cirrhosis, primary biliary cirrhosis, and such
in the gastrointestinal system such as liver; coccidioidomycosis,

kﬂ%p@mym&@bﬁgﬁr%@b{@ﬁcﬁﬁﬁ@%%%s@%ﬁ%@&ﬁﬁ@ cHROIRRASINE Sisease such
gyﬂgqg %MHM%%E%WR?' ssc %}&g Wltlj[]ala éjltr FP'rat%@/s distress

ndrome, chroni Aictive pulimonary disease BUkSSHEv: dratsiisd gt

E) ?ﬁ‘ﬁﬂi?ﬁ%ﬂgf&%@%“é@b@“ﬁﬁ@lé”@?ﬁ%%ltwlty pneumonitis,
ichopathieapudivrasamdiresidi tyragiooytieridterstitial pneumonia,

b(%%ﬁ&@?:@ﬁﬁsg @gﬂ@'ﬁ%%%ﬁﬂéﬂfipﬁ@gﬁ@% %%ﬁ’é?sr s%@ﬁ%%l'ﬁeuroﬁbmma and

r idiopathic pulmonary fibrosis, fibrosing pulmon

R%Um?’%%n Eﬁﬁ%% ros@ it usgé] ou onarya?‘%igg rc&gsélﬁ?é i gr%tl}tj%?ﬂns‘m s
?&Fr?dﬁ‘?u a@&l%ﬁwa}&rwm@%ﬁﬁpmmal fibrosis,

;ﬂ@@l:altilﬁ'm:iss antbmldmmwhmmmhyaw@sgemsmh as lung; 30 male

MWQW@Q@%@M@Q&%M@&%!M@W %?@H%@%%ﬁf?@ L%E@gcygﬁ'ﬁa associated

isease QtnIC tub Iomterstltéﬁl nephritis, autogoma
4

rece sn%1 Cystic K ni?:,\ef/n Aoy ETOPAE RIRey R EY I H5i&0f Sy However, in the
%@?@g&gﬁ)@y @’P@Fh% E}}Eﬁ@éﬁfﬁﬁlﬁﬁgd h&éﬁhf@ﬁ@&@@@j,g@g@égmted thereto, and includes
seribogramyd by Stousspy etohdpliyitisusiclds setkhepliropathy, nephrogenic
diabetegypgipigiisnaHRaQMRA AN 'ME@Q&W&W%F&%@&§?M suppressing
8hsré)enf,%%l%@es{sljt%rgl%pgntlﬁmgsA nephro at%% (gen sclerosis, focal ”
omerulosclerosis, membranous Repnr BF8RoRF o‘i’lrf'égteé‘ﬁ\)évemmn ), which
5?6 AfCTUIBHERRTtS GeRTeR e %%féltme%mmi@oreﬁan anfyioidesicalssiyeystic.
kidney digesfsre@#mbetinpearitd nesdibrobise p&ﬁa&i@g&ﬂﬁéﬁ@smﬂﬁé&hods comprising

Q&%%@éﬁ%ﬁe&l %@cgﬁlﬁgﬁﬁk\éﬁa@ sotsAReaRB SHER p%§z HRUS RIS,

e ¥:eEJhroPe chronlc rost tifis, and urocystitis associated with
WS%osomlassm e ﬁ%l eﬁf 'such as kidney; fibrotic breast
dlseaseU W%W}?WP&&H@H@M thhpresgehinsentngaiitad ntieetiss-suppressing

agtylasing dipon dylitisuapirfat m‘dsd.’@(lfdﬁfﬁgsﬁqheﬁéﬁﬂﬁg eI AR ders can be
Qg;ég&{gglg@luqirngunctlon after spinal cord injury, and cranial nerve

dlseaseigrsuch as 8aﬁ{klnsonrgs disease and Alzheimer's disease in the

St B RS G SHOTEEMAREL LG ProfRS iRtvRsion are methods

nervous system Su
PSR BRinG oR iRl At sresiiEsis thatievetupssyistemis of (2) to (c):

(ayoivementidibrosisoantt sysiamiesoereseniassosiatednin mithe N
§y§§@§m§c{gm&@/thematosus polymyositis, dermatomyositis, and such.
Wever in t%ﬁgesen invention, the "disease caused by fibrogenesis"

t

no?ahr‘%fi‘f’egoa PLSRFHS FHRS B S idlieathigrhsiosatines fer
b"édvlqréwec%mésmﬁ redittotitgatesr Evg pridsemt dnventiondtstrélatesitaout
methog efhereeningdaoagnts for suppressing tissue fibrogenesis

(herein ﬁ&%%ﬁm%% %%%@?Qe%‘%u%ﬁ n{&%{,@g ];E)r}‘gs e %%Qrgtllggea?é Igger}lphﬁed below.
% tjhe embodiments described below, N-acetylgalactosamines, sulfotransferases, desulfatases, or
such to be used include those derived from humans, mice, rats, and others, but are not
particularly limited thereto.

The test compounds to be used in the embodiments described below are not particularly
limited, but include, for example, single compounds, such as natural compounds, organic
compounds, inorganic compounds, proteins, and peptides, as weli as compound libraries,

expression products of gene libraries, cell extracts, cell culture supernatants, products of
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15 use as an indicator the degree of sulfation at position 4 or 6
ofN-acetylgalaetosamine. A preferred embodiment of methods of the
present invention is the methods comprising the step of selecting
compounds that inhibit the sulfation at gsition 4 or 6 of N-
acetylgalactosamine that constitute sugar chains. Using the screening
methods of the present invention, tissue fibrogenesis-suppressing 20
agents or candidate compounds for agents for treating or preventing

finregenicdiserdariseandheaatficentyaaguirhs Fﬂigf@;agﬂeg{ﬁb@d iments
Of the Sxﬁ%@%@%ﬁ?ﬁl‘%ﬁé 3925@111(? LH{‘/@I%%H '{ﬂ\éeﬂs&gc‘r@“e hatgg? mﬁsgn%s is typically

creer ?fortls)tge fiborogenesis-su pressm agentst tcom

S eps a) tote f(‘af%gﬁigga sRde S R56L grjaciprpmines, sulfotransferases, , OF
d¢subieigrryabat tbe apanies’ dﬁsgglemmhﬁ@tha\mﬂghmﬁszs? aoeiytgadattoSamract” can

fleshdh}ireastyibgnauclegree: obaylfatinrabRREHIONA QMY these proteins or portions
ai:gcetylgalactosamines; and (c) selecting compounds that reduce the

degree, of sulfagon as compared with those without contacting with the

test compoUFARC ERBLrTente bRy -dofeshily Pritie dost dravsidiunbumans,
wmoentsraedeuskehp ffcebbldtoited Berdty tHeeBmifodiiorengsiess sbedabélansrichia
Mamiytga:bwmrﬂmm@ﬁ@é@ﬂ%@@@ﬁmqﬁ&éﬁ%a%m%cﬁ%&ﬁﬁm can also

Hiseddngude th %eagnyqu frg ns.mice, rats hers, byt
sé‘xé atfartlculary imited thereto, ete bsrﬁmgﬁn %lﬁlae TEHRE ﬁ’a wansfer a

HRsie e SeRBEN ﬁé?&@ﬁ%l?@‘ﬁ%%%‘?’ﬂé‘&ﬂ% cwﬁﬂéat %@fﬁﬁc@ewws genes
exafi cukligis Corspcbaidsnsitch adfriatonm Sompouridst Wrgenizadsetosamine, or
CORNPAUREE KRG CIRROURGSs E&Eéﬁ@!ﬂ@ s@i@@ﬁ%@é 8% WEILRS - sulfate to
samBound JBrigs., xplassion I adupia Al dene ibraries, °§” extracts

ucts o e

cell cultyre supernata s, pro HanTHg TN oorgamShTacoding

WP TRIS TR e Ry AT T 2kra mgﬁ%mégfm e viastprsersonen typicaly

preseathbe itioriuties bontatt' withe tpstssompatnd sdstipiealbne aabiduec

ﬁﬁl’ff@ﬂﬁﬂ Bgrihe (Hashenmposl ﬁ%&;ﬁé’ @%@%ﬁwlgﬁmﬁswg%ﬁcm stam},rée 5{5 an insert.
er eSU alases e .contact I1s.not Jimi 0 this

e %&ﬁiﬁ%%?ﬁﬁ?ﬂ R e RS e b

test coMdtige: FUEERECTS 8&&%@59?%&%%%?@4@#@@%@%@ A ethinteern be

dnttheiemh bp dintentsldesaribetbbedkilicdie theells” eludenhiospdepivedf sulfation

Erape lRaSed WBiﬁiﬁngﬂQ %%Gmbi{ti?&é EQ}LQ mﬁ%gléﬁ%B%Bo&g"%ﬁgody or

iIsms, S herlchl coli sts chare
%?gﬁné%%{rr%%q 0 ae§<uﬂgss h&?otelﬁssuéoéld i eagéi\?e?ﬁ%g\% SHPaRACafS G Pottion
e u%%ﬁnﬁéfreéké%ﬁré%rﬁﬁ@f SRR are Redatectsuschrinarpphy, mass
sulfotrarisfevagesithat transfer a sulfate to position 4 or 6 of

N-acetyigalagiagaminge éﬂqﬁg%ﬁﬂﬁlﬁw %@%&@Q@?@&%&%ﬁ% position 4 or
ﬁnggdl Tg uI ot{ans era§es that l]lragsf%r asu ulfate to position 4 or 6 of
y a

“acety gamine expre RIS FIeSh genes

a%ac osamine;, or ce

EsthiAg Ao AstarEEs fratindrgesasulfiriing dye (1-9-dimethylene blue)
(Naturu. 1998 Feb 26; 391 (6670): 908-11)

{2) method based on photo-affinity Iabeling using [32P]3’,S’~ABP (Mandon, E.C., Miila, M.E.,
Kempner, E., and Hirschberg, C.B. (1994) Proc. Natl. Acad. Sci. USA, 91, 10707-1071 I§]

(3) method based on photo-affinity labeling using 3°-[**P]-B methyleneb PAPS (Ozeran, J.D.,
Wesley, J., and Schwarz, N.B. (1996) Biochemistry, 35, 3695-3703)

(4) method using anion exchange resins (method for isolating sulfated glycoproteins) (Vol. 16,
Ne. 2 (19860430} pp. 69-72, Kitasato University, ISSN: 03855449)

(5) colorimetric staining of sGAG with Alcian blue (Anal Biochem. 1998 Feb 15; 256(2): 229-
37}
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position 4 or 6 ofN-acetylgalactosamine. Such cells that express foreign

genes encoding 15 sulfotransferases that transfer a sulfate to position 4 or

6 of N-acetylgalactosamine can typically be prepared by introducing host

cells with expression vectors carrying azgene encoding a sulfotransferase

that transfers a sulfate to position 4 or 6 of N-acetylgalactosamine as an

insert. The expression vectors can be prepared using standard genetic
engineering techniques. In addition, the degree of sulfation in the methods

of the pFeskatinvetiienseilrda 20 detarminddyby mekb ogstHanowr-laiDsethods or

sldlied ihiberart FLRXRIeH RS sggﬁﬁa%ﬁtl&fgggﬁo&%lb@o?ﬁ?rm ined

Eil)%me g,l{rin the %E%ount of{label using a labeled compound, antibody, or
ChiRAT BIRGE 0 2 SuiFEtEa" SGEH at position 4 or 6 of

N-acetylaibeiesapsinenbpospetios rtstetsiothe prasivs fypvendcdagrhdasfthe
sietfaiioncapitiesdbtasied hyehiomategiaph yeonasend eatiamelive eleth@ivity of
Lxﬁ@o@ma%%@tﬁgeltfastgf&tQw&tg@@p%aea%m@%‘Wsﬂ%g&%&%tg%g%% ?ﬁe

sulfation, at position 4 or. 6 of N-acetylgalactosamine, for éxam
following RABWR TR AT eth b Hase BRGUSR GERRS Y& SRRl the steps
?i8ing a labeling dye (1-9-dimethylene blue) (Nature. 1998 Feb 26; 391

(5G0): 00 <1k} hipeihod hiasathompbaie-adiin hahahe inaIHSING position 4 or 6 of
ﬁ%?@ig@fﬁ@?m@ﬂ@“don' E.C., Milla, M.E., 30 Kempner, E., and

k)

mschberg,&?.& %1994) Proc. Natl. Acad. Sci. USA, 91, 10707-10711) (3)
HBPBAEEY SH BB A betng LERT S5 [82%]-[3 methyleneb
RARB(DzERIMRPIY thversibyred thandi SchwsaranBd (4 996} Biotisemisposnd is not
amtasb-3703) (4) method using anion exchange resins (method for

isolatin f rotej . NO. 2 (19860430) pp..69-72,
i %é%%%%%%?@ﬁ? B AL A IR S

S R RS BTG 1opeiEan 4 88 o8Ebyeestalsyipsaine.
Furtheriisre ithadéoukiliéedase the ary chihe endilyceisaheaterty tNext, a compound that
Alaover-tisiedimgthodsprifed Kﬂtlﬁdﬂt@ﬂl&ﬁfiﬂ@t SrbstRneEe: iﬁﬁfﬁéﬁ!ﬂ&h&t@&%ed. Such a

ion 4 0 - acetylgalactesamine of the presen .
T e R R frepousc sgen
AV ERtRsISA0EE he 5 methods comprising the step of selecting
substandedqdotim ovrids pvehietiore@dacerthetantivifynbbtistl fotransfepaseshas the

thatdransiara sulfaindenesiiond alfel NRseaalacasanmingieIted below.
B e R e SRS
tRaherer s SEREPoLinoH R b eréfoffﬁ-&r-%@@}wmﬁm dhqpyaree of
sudasonipgtiesliftir anstetase cactbeitpadfy thetentym ég; And{ense)estipguantibody
aompeiadihaliradicas iR ACH RS comRaset 1 whenhe el recognizes
COAMPANLISAR 6 (clone: MC21C, MO225, and CS-56) (all from Seikagaku Co.).
Fluorescence values may be compared between before and after the culture by using
fluorescently labeled antibodies. Alternatively, the same detection method can be conducted
using 2-B-6 or 3-B-3 antibodies before and after culture. Compounds that suppress an increase
in the sulfation after cell culture (an increase in the fluorescence value for LY111 or MC21C), or
compounds that promote the progression of desulfation after cell culture (an increase in the
fluorescence value for 2-B-6 or 3-B-3) can be selected as a desired candidate compound in the
methods of the present invention.

As a further option, cell lines that constitutively express sulfotransferase genes such as
C4ST-1 and C68T-1 can be prepared by introducing the genes into CHO cells, L cells, or such
by well-known methods. The use of such cell lines that constitutively add sulfate groups allows
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contacted. In the above-described methods, first, a test compound is
contacted with a 15 sulfotransferase that transfers a sulfate to position 4
or 6 of N-acetylgalactosamine. Then, the sulfotransferase activity of the
enzyme is measured. Next, a compoundghat reduces the activity as
compared to without contact with the test compound is selected. Such a
compound that reduces the activity can be used as a fibrogenesis inhibitor
or a therapeutic agent for fibrogenic disorders. 20 Methods that enable
evaluadien (deteiminationafahesiter Batast eanpanehiias the

above-dessilhat RUIGARSISHARE ASUYRINAIGSIRL AT b genesis

e hodsédescrlb_ed below. Various test compounds are mixe c?_urlngga
@?EBEOHS PO EOPEANE WIS SICHIRSS PREPHITRA Gte 158 SUirkirsineEompounds that
FesRtcheFure BN Eiayigiattossmine safiohtnsidegreenef oftifatiesent invention.
Deiote anelsaitek H@%@tﬁmﬂmeﬁa&%ﬂﬂﬁ@%@f@ ngeh Py, for ﬁf@ﬂi@'e,

[ i t recogni ation at position 4 (clone;
o L R A s

T & SHABS 3B PAP 505 B E s eslik g &R 0.). Fluorescence

(rlloreasmig Be sompansssbotived pbbforelgrmdfter the culture by using

fyceescanty-tabpled antiRedies tiltemativelyihe same Qﬁﬁ%ﬁ&%ﬂmpﬁ&e test

gg}ﬁgggn%qgggggg&é%{g%ng 2-B-6 or 3-B-3 antibodies before and after

culture. Compounds that suppress an increase 30 in the sulfation after cell

culture BFFTHRSLRCHOM e tiGroermds FaIlET6rIard Bithree sayesting a gene
eoreioa adslftanpfomeotiatierpmfogre ssitim: 0f destilfatian GHEN eeltelgiti@osamine.
(an increaseiin therliorescansevale EABBR3B3LeeRRe salegied. »
an@dreisiicradiale compaund e, Methorts, of e present

. on

u :
invention. As a further option, ¢e finee that TORE ey expradgression of the
BEfotraeser hob Jamrssiad HasskiaT CaRueBSTion eap e hrepaseded by
wptimtde ducimytthbogeskaideinbo tiHA. cells, L cells, or such by well-known

methodse-Tharise afisuchrelinesthat.aengtitutivaly.add sulfate groups..

lows 30 _a more clear determination of candid for therapeutic
B R R T A 5 bth e o
Ny %ﬁé@%@ﬁ&ffn&%&?ﬂﬁm@%@nﬁiﬁ%ﬁtmﬁqmtmm@n level of the
gomprsinydireisiopeisiietiing combecund s thatele dupe digexpiessiondafy any of
Measpbdaripainaamieg sulfeuansierass: gRnes:0f e presentdaye %E%Qﬁko&oresis
;I'uhcg gsb$ﬁ5 i Aeélg;)tgs ggstlpre r gggtol veentlton omEn% , for example, the
steps of: Ea)g]con acting 4 test compotna with Cafg-e %F’g&ﬁﬁ et vel of gene
BARDEING StifstraTisnerasE dekeatingdhe repassinforbany 96 Siiohayoi®anived proteins
- dcetyigiactoganiinen (ol inegsiping the gonmexpiessiobiaislfof tiein detecting
arlisioand (& seleeHnaIdIcampRENd that edices.the Q8RR expr %351%5]1@ both

Ie}}/%C $& mgacr)?% it% é/glgl%%é 1eetest 1éLO compound is not contac the
above methods, test Eompounds. are first tontacted with cells expressing

a gene Next, the expression level is compared with that in the absence of the test compounds
(the control).

Then, compounds that reduce (suppress) the expression level of the gene as compared to
when the test compounds are absent are selected. The compounds resulting in a reduction
(suppression) can be agents for suppressing tissue fibrogenesis or candidate compounds for
treating fibrogenic disorders.

Furthermore, an embodiment of the screening methods of the present invention includes
methods of selecting the present invention’s compounds that reduce the expression level of a
gene encoding a sulfotransferase that transfers a sulfate to position 4 or 6 of N-

acetylgalactosamine, using as an indicator, the amount (level) of reporter gene expression. The
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encoding a sulfotransferase that transfers a sulfate to position 4 or 6 of
N-acetylgalactosamine. Next, the expression level of the gene encoding
the sulfotransferases that transfer a sulfate to position 4 or 6 of
N-acetylgalactosamine is measured. Heyein, "expression of the 15 gene"
includes both transcription and translation. Gene expression level can be
measured by methods known to those skilled in. the art. For example,
mRNAs are extracted from cells expressing any one of the above-

Qﬂﬁ@t&é@%ﬂéeﬁ%@%ﬁy&%%@th%%kmﬂgoﬂé @J%g jhese MRNAs can be
E stem ates in No th%r1 br|d| ztlon PCR, DNA arra

Ctm ure t(f'ne]:)trans‘é'hptlonslgl\"/c ?’fﬂ@%&‘gﬁ@l%lf‘e?%ééwmed such that 2
f’fﬁ&’é‘?ﬁ &?a%fﬁo?p;r&laé‘/é%ét@@ frapicEphesk praaisiat acgisne Eneeortingcadipg a

oflftherahoue-tlesesiséd prolfinsy aodiexpresson okt piieinaande
ﬁﬁ%%@&@&@% ﬁ@&%ﬁ%@ﬁ%ﬁeﬁiﬁuﬁvi § it RSk ﬁ@%ﬁ}lfe the level of
e

tion Altgz ativ level of gene traré‘ sfation can be
h Yol

S Rt e SR reh B LB HBE Rt ecme o
pERATRS tbm&éiﬁwmiﬁgoéﬁoamwdy against the proteins. Such
antibodieshfoshuse riiledecting dbphedrete s @ RokpaHie Wbk Hipait @ehracts

@&&%Q@ﬁl@%@ﬁ%@ﬁ?ﬂﬁpﬂﬁaﬁ%ﬁﬁ%ﬁn e, RO %rsﬁgh?ﬁﬁlgwl%%%msmamnaz

PO| clonal antibadies can sed he express vel Is compare

TR TR e S IRE ey Héaeaﬁﬁfﬁafﬂ:fﬁf@ﬁo posiion 4or 6
ebhhpetiriagasiasaaiiace (suppress) the expression level of the gene as

compargekéi, 3euvhen 1%&@%@@@@@%&@@@@@&@@&%@@%@%%@@
%%Mﬁx[ﬁ%lg @&!ﬁeﬁcﬁ%ﬂﬁc"y &ﬁfc‘éb&%@%ﬁggl@ FHRE Qg& ttse aosition dorb

pressin tissue fi rogeneslis or can ate compounds for treati
g&&“ﬁ%@%&&?&ﬂé@%ﬂﬁﬁm8%81‘@5?%0&%8& FREAHS e ‘sﬁ‘df@éﬁ?ﬁglpon binding of
ressoELonhlFrstpreehe nvsetipiintgdelstanettwds Gfreetéotingdheaning of
PepaebllyiNVERToNS GRMPLURGS M&Q@W%E&ﬁﬁi&w@ﬂﬁ @%ﬁr%% gene and
rsne.ene g gabilatianzistace Bl as (et pulale Io.8c °S'“°’§ FuSon

B acety ga(gctosamlne usmg an n |cator e amo eve

Pé?}Bﬁé? BT 45 S s s e B eY bt EHs ch RS e adptory
@@mp@hm@ep@wgﬁye@aﬁm@m@mmﬁymmmmItsammeu or 6 of N-

EodfAGis coRiang gTadaNAIR UGS aHsueh Biah thd BRRIIBPESRAC S ulatory regions of
pasrably, inkedio A Anse g%h?%%ﬁé?e%'atﬁ%){er D?Pﬁnggg ?,e'ge 2 gncoding a

Sulfotransferase that transfer a sulfate to positio

RS IOSERREARALe BREHiR %ﬁ?@lﬂ?e‘@iﬁ#@%wgﬁ%wk@ev%swmm of
th@g@pan@ﬂg%ehmxﬂfwmé@mmm tempoundlfhatoqistes ther 6 of N-
exdpvassienamaunt (level) of the reporter gene as compared to when the

test COWBQ%%nggr%v s%ztr%% s%hr%e 9 searryetho %%ri?éﬁmflt)e %:ng as their

are first contacted ceIIs or ce extracts containi a S ruc re

EXRIGSHRR i a5l g@h%f?%ﬁér%@&ﬁﬁ inpedrwitneaaraiachpiidragene the lacZ gene,
teylatorsregionand thgehé emcoding ‘adisifotansferaiinhatitransiesscd that a

silbale lRIRASUIRMRPlifked with a transcriptional regulatory region of a gene encoding a
sulfotransferase that transfers a sulfate to position 4 or 6 of N-acetylgalactosamine” include, for
example, cells introduced with vectors carrying such structures as inserts. Such vectors can be
prepared by methods well known to those skilled in the art. The vectors can be introduced into
cells by standard methods, for example, calcium phosphate precipitation, electroporation,
lipofection, and microinjection. The “cells containing a DNA structured such that a reporter
gene is operably linked with a transcriptional regulatory region of a gene encoding a
sulfotransferase that transfers a sulfate to position 4 or 6 of N-acetylgalactosamine” include cells

in which the structure has been integrated into the chromosomes. A DNA structure can be
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ofN-acetylgalactosamine. Herein, "operably linked" means that a reporter

gene is linked with a transcriptional regulatory region of a gene encoding

a sulfotransferase that transfers a sulfate to position 4 or 6 of

N-acetylgalactosamine, such that expredsion of the reporter gene is

induced upon binding of 15 transcriptional factors to the transcriptional

regulatory region. Therefore, the meaning of "operably linked" also

includes cases where a reporter gene is linked with a different gene and

pregluicd sneofsionopootei hynithiadliferentigenedprotioes, sRBIHANG @8 art, for example,

expressien ptdhafusionpretsinds.nduagslupen the binding of

transcrlﬂlqnal factorg, to the Iranimﬁtlonal re%Jlatégt é region of the gene "

encoding thé CHHSRAR SPRARDER Eh 4GB S '8 Grerably
%ﬁt&@%&%@%&% iiReUPksE scgianedf metne epeedingobtelivtthesferase that transfers

araneriptisnalceduledofNregionsat geresce NEAMIROSHHEOIINS TRIRERS: of cell

thaldansiela ﬁ%@ﬁ%&%ﬁﬁ?'&@léﬁﬁﬁ:@&frb‘ n%%%% YigRlaGIasARING; 1D %&ﬁﬁms
{E&%@E'&ﬂﬁ‘%ﬁen?me based on th %é R E[%%uc eotide sequences 0

G BLeE SR SPOLFD BRI hesadt HeR s LEmGPHe R SreplFary region

Hribeeene: %@W@Ié@f@ﬁ&ﬁﬁfﬁ@%ﬂrﬁm@v@ retifentsforitimedinthese!-

metheds-@amiat particularly limited, as long as their expreSS|on is

detectaklgLhe [EPOIELACNLS, 106 Jéd%?ce@%&é BRI ¢ e BONRANG: celis

GFP gene. T e ce scontamlng

Iac ene Ett{ luciferase e, and

AR B R B QIR o P TRBT s e IREa iR Eescriptions)
Wﬁ'ﬂéﬁﬂﬁbﬁéﬁﬁ@n pégueno Ppeiian o fgerdeaedihyaasiuifotrifsievameition 4 or 6
tiat-irensferscasuliate, to Posiion ¢acbmidhacetytaslasasaning:dneaR cally
é%égl%a%&seﬂ&& %‘{H@Br%? VORI LY §#%n %éaugrto rf:% SShtact may

epared methodsw own‘to

vectors can
%}éﬂ ‘rﬁf’h LRI H%&*%@/a{ﬁ%éacmf&xeméwéwaﬁfa into the cells.
method@,%r@ﬁémpﬁﬁl,oéal&mmmhwhmlmé&p@mt etectcaberationyred. The

tipntedtions@narmicrainieeion: dioe @@Jﬁ&@ﬁ@&@%é&@ﬂﬁﬁfﬁ%&%ﬂied in the

y%ﬁ&%@f&p&{é@ IERRS, 91% g&x linked with a tfgnscet tiona ene, its
regulatory re |on o a enee a35 sulfotransterase tha rans;‘re
SRR POt E*W%do@rxﬁ a%gaﬁﬁﬂéﬂ fi?f‘é}ﬁ%?@%ér §hiwwméﬁmcoi by

threcsnupteecha® heethd me@‘t@ztednmmtbhéacﬁr@mmsmcsk@NWthﬁwe
casrhemalointegeatedintoichieriReames nrslleds 3SR AN UERA Pie catalytic
!\Q@(ﬁ? o%fﬂée&ﬁ@ &I:Qﬁr og)érgéiﬁ] p,fl&feﬁga li]veeltran fer#;n r?lt?jgggbl%ﬁs%qs the luciferase

homologous recombjnati E,‘th’ ts conta

%‘fﬂﬁctﬁr@@%ﬁﬂﬁﬂﬁ%%&s AErgeRetiBoirieaing the ﬁ%}ﬂrﬁmﬁnae of fluorogenic
tramsvigtdnakrdgutatdriicedion ditbegene mpmim@mc:@uh‘otmfﬁfﬁse when the

f&&tﬂ&ag&feﬁs iR &Bhifate, i pesiiond10vH ShNAcalHaalacps
g f%ro%w grr(ytxtures of cell extracts included in commerua Iy

avalla Ie IN vitro transcription-translation kits and DNAs structured such
that a r@hCREPYETBTEUPEPSSRPATIRIE AMAPIHG frishselr b orrar s ganstr fhen

tegipmedivitetod e thheodng o Sulfotr ansferasd (tat dsansfers engulfate {Rat reduce
POBHIONARIL REN ALY IGRIACIGRHNIBENe as compared with a control are then selected,

where the reporter gene is operably linked with a gene encoding a sulfotransferase that transfers
a sulfate to position 4 or 6 of N-acetylgalactosamine. Compounds resulting in a reduction
(suppression) can be agents for suppressing tissue fibrogenesis or candidate compounds for
treating fibrogenic disorders.

The tissue fibrogenesis inhibitors that are found by the screening methods of the present
invention are preferably therapeutic or preventive agents for fibrogenic disorders.

The present invention also provides methods of producing pharmaceutical compositions
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10 "Contact" can be achieved by adding test compounds to a culture
medium of "cells containing a DNA structured such that a reporter gene is
operably linked with a transcriptional regulatory region of a gene
encoding a sulfotransferase that transfegs a sulfate to position 4 or 6 of
N-acetylgalactosamine”, or by adding test compounds to the
above-described commercially available cell extracts containing the
DNAs. When the test compound is a protein, contact may 15 also be
fachievied ofarexarip ébhy intraiiociag 2 T Abv et @ RAESHNG HBE RELSIA of the
Qe callem M e AbRye memods. hesspression level of the reporter
ene L§.theq.mea§gred. The exPreésion level of the reporter gene can be
&SR8 by e B e RABIWATS INOSE S et RPIFED AT ARGy e ghods of
Wipenbrtfs fepsridryspesiviidntene seporter gene is the CAT gene, its
(eXpoession taebendeterminechJenexamplepyrletasting the acetylation

of Chloﬁﬁ%@&eﬁ_&%&élﬁ%g_ Eﬂ?‘s&@%&é@ﬂ&‘f 'i%?{grt%e g%@%ﬁt%r 950 é?zmpies by
h lIjaczégjene‘li,lﬁl see pr s%[%n level can be determine %y cfetec Ing the

e
BT aBVETsH R EoisnAecatR 1S EREytic action
of the géxe &xpidesrsrprode comblitedhaiithalyphamendnerbparteptgenedsicr. The
;ihmmh h Hetaas geasails exaesanade e @ﬁhﬁﬁed %&%}Qﬂé@&%&ya@%?ﬁn%
the flu ' ue to the catalytic action o
e B e R e
e GEE &SRS BN FET BamHR et f S e HtEEaRg the
fluorescéépéisciitive BRpio@inctrthecaovemdihcdsrtiie sxperssigmndequate
eigemn evel ddhedsnasiarngens 't%éé&mst ’| @égéﬁ&&%dowgﬁt%]@%taﬁﬁn@ﬁwthod to be

e control).. Compounds reduce
%%%?&r%%g{&%’%ﬁﬁ%&%@%ﬁ%ﬁa R B nerass
%%ﬁfgaﬁé TR Retdicrd o5h %%?éem&%%ﬁ@ﬁaé?@%ﬁé% BSEFRLRy ARy The kits
ayilte argenbierrotdingay Sulfolremsierass dhatdrgnsierssaisutfdtiddike to be used in
tﬁ@&lﬁ@@&é or tﬁe@fréé@@Q{Véﬁﬁiﬁbgt%@-@ﬂflﬁrﬁ;@ﬁﬁ%yﬁ%@tﬁﬂﬁm gciﬁc?ampie,

Hon o ion).can be agents for suppressing tissu
e R TSR s il s, and
o A RS R A RS TR ERR CA RS Yo B pire s creening methods
of the prespresegbiimvatitiorisanzidée kabriyptherapautice ot yereveintveor fibrogenic
agentss f@ﬂﬁlﬂ{@&ﬁﬁfﬁsﬁﬁ@@%rﬁ éﬁﬂﬁrﬂ@ﬁﬁ@t’tﬂg\.ﬁ%@ﬁ'@@ﬂ@b@&ﬂgﬁenﬁon to
1%%(3% if pgc}){grlljlclre]g{ éahg{emtgce tslg&l compositions 33 for treating or
preventlng _(flb_ro_ ni¢ disorders. The agbove-described production methods
of the BP&%@W}%%%%%%&@%%ﬁ%@msr@%ﬁ@@n@p@e&q@)%@mﬁ@m
iawssue fibroyemesiddrihibitoedremoestsampiesdyathen oy edesctibed fbrogenic
methedsiewsreaning for saug.dibrogenesis inhibitors; and 5 (b)

combinjng the nt with @ pharmaceutically. acceptable.carrier. In these
1methorc:%l %ﬁps?tr,ag |srgh%s%%t}8%teon]@r§f§1§1 ibItSt Ps? %%ﬁfzg%‘ft%' RomTBRles BHTpRiR0ds
oA bR slalad Hba etics Bsersslig terass s tRaye isitions, and
inbibitoronTignfithe. sBleetinl dgent idosombinattyiitisp phargacruticalignt and
@é?%ﬁlﬁ@%&ﬁﬁﬂ%‘aﬁ&?method or such; however, those skilled in the art (medical

practitioners, veterinarians, pharmacists, and the like) can appropriately select a suitable dose.

Q

The present invention also relates {o the uses of agents of the present invention in
producing tissue fibrogenesis inhibitors.

All prior art documents cited in this specification are incorporated herein by reference.

[Examples]

Herein below, the present invention will be specifically described with reference to
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pharmaceutically acceptable carrier includes, for example, those

described above. 10 The present invention also provides kits comprising

various agents, reagents, and the like, which are used to conduct the

screening methods of the present invension. The kits of the present

invention can be prepared, for example, by selecting adequate reagents

from the above-described various reagents, depending on the screening

method to be conducted. The kits of the present invention may contain,

Formexéom bie, thaeesuiifottansfe rdsespteaint Wtrankfe s sulfate daRASIANAIng fimited
o-R@f N-acetylgalactosamine of the present invention. The kits of the

present jnvention may, further.contain various reagents, vessels, and the

ke to BorLad R e BTGLIS b G PES SRENROETOA ST FEeRIY ey = DNA
sl prateRrtemain e skdaipretheadtiserisadipiohdusuasitusstmattiont an siRNA
reaeitsy; dellde-culivtel Rdiapnenisotisampias DD esguaRe bIRSIMEHANnformation
paNals coniriningis.deseriptionof.iqu to use the kits. 20 The present
invention also provides therapeutic or preventive methods for fibrogenic
disorders, which comprise the step of administering the agents of the
B?é@éﬁﬁt}ﬁﬁ%htion to individuals (for example, to patients and such). The

[Belivigtitel$ Ansojenied dorbhesther apetitit ot Rieveiive INCIRAA QIS of sIRNAs and

REesaRb JRveRion AtenaLpariswarly fimited.as long as they,are

organisms that can elop a fibrogenic 25 disc ; er, humans

aro prefbIPSAS PR, HOMAT G A0 A PHE e eaeh psice
Exarfigie oy Frkdsods drewardotioseskibed imafe axdsushsased in this Example
inif igvge tielbinj Etio R VRN QUSHRjesli0nshRAN SHRAMEINEAHS simple. Thus, the
kﬂb%%l'%&soelﬁ‘%391?‘{@&%%%%&8%%%}5@& 01%%&@ ¢nd, 00 IS PAUEALS.: 1 conditions
weight and age, and the administration %et od or s,uclh; ever, ﬁjose i
RN ARG S (BRSSP DTARHIGHEI b eRrrirhats 2SRk vIds 15 Al
tHaokriay dan‘ap pipriatdipast(dnt BhseithGle0dn380: Fheosredent iKweptionT Biol
disenelbiesty he1%es) of BgerR N RENIre SR INENHOM it PrARYSIRG. Fisher PW,

tssye dibrearnesis InbiRiterRy)All prior art documents cited in this
specificagtion ariin(‘:orporatec? ‘herein bg reference. 35 [Examples] Herein

below, tHE BREEERIS TSRS B eeims iy ssestripeomicrerdidipemsstion.
Bhispshmptins! Boditize technicelscopeefithedisesontdhventionhis retiaibe
caaRived-as heiRg s P H@Qaﬁbﬁ(ﬁ&@gﬁ%ﬁe&ﬂ@ Qﬁﬁ%ﬁgégﬁﬁcq'%ﬂ ?&ltéicula%*

| (S owing a region or a targe . .
S A s AR R Bt ion,
R AT S R N 6 I RS a RERISTR A QEFREEh SR tepthelDias. arrhythmia,
seericesivasddohbtiechos i atipthabBibkA Rettersadbiribehas gocardial

Brgalosequeneenlbaring lisweldrapmpledl Aases INERt ORI birculation.
%Hgalr?}gg};}%ieﬁ%%g{ gene knockdown effect of SIRNAs and

First, the method of preparing the mouse model is described below. DOX (15 mg/kg;
Kyowa Hakko) is administered to the peritoneal cavities of C57BL6/J mice (male, eight weeks
old, CLEA Japan Inc.}. The mice were reared for one wesk after administration, and then heart
tissues were collected from them. As a control group, similar mice were also purchased and
reared around the same time without DOX administration.

The GaiNac4S-65T siRNA agent was administered by the following procedure: 1 pug of
(GalNac4S-6ST siRNA (Hokkaido System Science, Co., Ltd.) was combined with 200 ul of 1%
atelocollagen (Koken Co.) as a vehicle, and the mixture was intraperitoneally administered to
each mouse 24 hours before DOX administration. The nucleotide sequence of the GalNac4S-
6ST siRNA agent used in this Example is shown below, but the sequence is not limited to this
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10 anti-fibrogenic effect at the gene level in a mouse cardiomyopathy
model A model prepared by intraperitoneal administration of Doxorubicin
hydrochloride (DOX; Kyowa Hakko), as a standard mouse
cardiomyopathy model, was used in thi$Example and those below. This
mouse model is classical, but highly reproducible and simple. Thus, the
model has been widely used as a cardiomyopathy model for elucidating
pathological conditions, 15 experimenting new therapeutics, or such
fxemghu Li, Circulation (2006) 113: 535-543; Xiaoming Yi, Am J Physiol

[ieat GEeRays Ol (2006) PREL-E BARS:HL L0 Kang e Bistoshem.

égg%l\/% = 27 %?\N:léw(?‘% Nozaki N, Circulation (2004) 11
rrculation (2005) 111: 1601-1610). The model

%&5%@%%@6‘?6%?8&@%‘@\98?0%% fibrogfe e bffe myocardial interstitium.

20uEhisgmithvologicat findingsds CasiindniNdhseved in dilated

CardI0mmpﬁthNA@%rd@ml@ﬁfﬁiglf&%@B%QQ('aﬁaébe{érﬂ%g each of organs (heart)
ca d| mgopat .and rh%tfanfo enic %etventrlcular rdiomyop %aﬁ

as we §‘1%? entricular reémoden iy anerag %%rﬁ?ﬁlecmcal
h?%?éﬁ’éﬁer A6 AR GIRYIR NS ERn SR Bhifina peRtdrid chiywdanditiigma-
Kddviglairheany disedsiroatrhydubnieg sempbypenteNxanixiie filregenesisds ad then

aﬁﬂfagl&gisél%&ﬁ?ébﬁ?ﬂ@e%ﬁ%%é?'%@@mﬁ ﬁrgﬁhﬁﬁ%ﬁé&%‘ﬂéﬁmm
ron re cau the above-listed diseas
af% a%‘ﬁ%@b' PRy 90%0 %5 63}“1%? tﬁ@%&?ﬂ%ﬁ@ﬁw@
ﬁ%%‘é@t%%% tansesesiie BRI FIsomenign Kq}@!l\lwlrliaicl@j)wspropanol (500
Al Siinistevid db e erionkal criies m&éﬂﬁbﬁmmﬂnﬁ{&t&ghtm of glycogen

Al JVELS. k af en
PR S%EET%L&%&’ then h“%‘fgﬁ‘;%&%%ﬁi@%egﬁaﬁ e

con roggroup ﬁ%%%ﬁée JBPtirEndssl Bhg: Pé%‘%ﬁ&r%?ﬁ@?ﬁéﬁ“
@&Fhwglﬁax@%imw@dﬁ%mﬁgﬁ%mﬂmw@ BalNaiSh6 ST siRA R agend for 30

wis@shminisieedny the m@mwﬁ)c&mghﬂie&%@{e@@ﬂsm&ma} Ce.,
E Ne‘h@igmwgféﬁ%@@n%m%% ‘ggll’(]:lk%gk)a mvta)l Qredl"wltﬁl\zzg concen‘{ranons

e mixture was

o ateloc%é_l%? ﬁ% ‘?jé as.ave
i SISHRO NERy Al hin Riara %f%%ge%%ﬁm&ﬁgf‘edﬁfrﬁamé Bhgre At Reader
EMVEBMMEEhX THE Guidiédtide sequence of the GalNac4S- 6ST siRNA

agent used, irethis: Exaspbeds showea @]ﬂﬂ\ﬁ gﬁgﬁ!&ﬁ%ﬁﬁﬂﬁ@e@w& following
mete e s S g

BotHy 5&5%%@5&9&855%@1&5@%%@é%W%ABFOR (ASTEC), and
@W@éﬂ@f@f@@ isyisuecubBitrgoobne Gt {SERY D NRT 26MirdditRNAEDosition:
(TAKARAB MN@@M@&@Q&L@Q}@@% mgm@ig%g&ne@@)meam% DTT
L T AL
B]f %ﬂ‘rg}gfg ﬁﬂgﬁ@&r{{ éanscnptase (Invitrogen), 2 pl of Random primer (Inwtrogen) and 19.56
ul of sterile distilled water (Otsuka distilied water; Otsuka Pharmaceutical Co., 1td.)), which had
been prepared in advance, was added to the samples. The mixtures were heated in a BLOCK
INCUBATOR (ASTEC) at 42°C for one hour and at 99°C for five minutes, and then cooled on
ice. 100 pl of desired cDINAs were prepared and quantitative PCR reaction was carried out
using the prepared cDNAs in the following composition. For quantitative PCR, SYBR Premix
Kit (TAKARA BIO INC.) and Real-time PCR thermal cycler DICE (TAKARA BIO INC.) were
used. Conditions of PCR reaction was: 95°C for 10 seconds, 40 cycles of 95°C for 5 seconds
and 60°C for 30 seconds, finally, melting curve analysis was conducted. Nucleotide sequences
of primers used in the quantitative PCR were described below.
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Aldrich Japan) was added to the resulting suspension. The mixture was
gently mixed and then 10 cooled on ice for about five minutes, and
centrifuged in a centrifuge (Centrifuge 5417R; Eppendorf) at 12,000 rpm
and 4C for 15 minutes. After centrifugatgan, 500 p1 of the supernatant
was transferred to a fresh Eppendorf tube, and an equal volume of
isopropanol (500 I; Sigma-Aldrich Japan) was added thereto. The solution
was mixed, and then I | of glycogen (Invitrogen) was added thereto. The
fitorienivaP CBdteehanséqectaed5 minutes, and then 15 centrifuged at

12 RR0¢pm And 467fef AR ARINYIRS [NExt, RNA precipitate obtained after
as*nng t f 75% ethanol (Sigma-Aldrich Japan)
aas air- r,éﬁ%@‘%@ﬁﬁ%‘%&%&%@%&%& et %rs’s?dlved in Otsuka
Bratinse waied E@é@@ﬁﬁéﬁﬁ%@ﬁ@é’ (35 Irhsahition was 100
timesedotet it TOsukatistiled watet. BerRNA concentrations of
Faiasied saeplen R LY Rlatos,(RRIng (<petat) Were determined using a
late regdc%é g WERW Next, reverse transcription
rgg%lisgn( A SUHHEEE 535&&@&@9@\ TBISRiRG) procedure. The
CoaveEiraih MR SIEhBYCRNA samples were adjusted to 500 ng/20 |.
FheashisiplRseORRoaasha Gl fordoes minutesin ®RIOSK
ﬂg@gwmpﬁ»a@@m&»feei% egdgnisn iuies. After cooling
onice, 80 | of RT PreMix solution (compositi 4| of 25 m-1\4
Inwtrogen) 6.610f0.1 MDTT
Yrwierdgzn | HOTIGEET O A @XIOTA b CArMtrd SRR 213 DICRMASe Inhibitor
ﬂmﬁa@enmmammmmc@ggg@@@am@mmm pgen), 2 | of
Rando and 19.5 tille W Otsuka
dlstllleclzlK v%%glr% O{Itlﬁ{léa Phar ggsés&?ﬁ:sa ﬁi‘f‘%&%e iIchPRA aﬁ)aegé S s
BTASSAFE T AR 46 0l AP A M BRI KRR HSIEST was
fieeifedrilyBPOSK 20t CUBAFORIA SKEG)tat¢d Griop anechoarednd @k
9eahed Eﬂﬁz@'{ﬁ%ﬁ@@& angethamearles an dﬁ%eé’t@@ ér@\fiﬂe%ﬁ?ﬂ&guésthe expressions
W%M%&‘%\?K am'tat'vew@r%%égg%?t S CC%I‘I’I% % t using th ehl h
sm g?nol%om ESIG R v@ﬁ&‘ﬁ‘s WAICh 15 an

prepared cD ng compaosition.
PR

?MWP&AO@%@W&%%VRématrﬁsélqa@ﬁsm@fm ebletion of
ms(cmmm@t@dm fhov@abN fstti6 EDstiNensdaid GRuLACHINWaS to the

&ﬂ@aﬂ@ﬁ R seoeans; ﬂ@%@%ﬁﬁ@@% for ererRAds3p) aﬂﬂi@%@tﬁ%eiponstrates that

ted..Nucleoti
T S STl e or e

BOm55198 Ffumn el R sismdhe sserdsariondtist GalNAC4S-6ST
(TAKARBBYENINEG thé praveantdnBiBRGAGHT GRAE T6 SGETS A8 (SER
B:MhiedibinRexssse: 5-AGTCCATGCTGATGCCCAGAG-3' (SEQ ID NO:
28) 5 *mouse procollagen Type 1 alpha 2 (TAKARA BIO INC.) Forward:

5 ACCCGATGGCAACAATGGA 3 (SEQ ID NO: 29) Reverse:
XABPING Ea _ 3 A JaNB@ES-6ST siIRNA in a mouse

vvw»v

cardiomvopathy model

In this Example, the heart weights (mg) and body weights (g) of cardiomyopathy model
mice were measured to calculate the heart/body weight ratio which is an indicator for cardiac
hypertrophy. The cardiac hyperirophy-suppressing effect of the GalNAc48-6ST (GalNac)
siRNA was evaluated. Cardiac hypertrophy also serves as an indicator for tissue fibrotic change.

Fig. 1 shows the result of calculating the heart weight (mg)/body weight (g) ratios in the
siRNA-treated group (1=4) and untreated group (n=4). The result showed that the ratio was
6.376 = 0.484 and 5.442 £ 0.203 in the unireated and siRNA-treated groups, respectively, Thus,
the significant reduction of the ratio was found in the siRNA-treated group as compared 1o the
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*mouse a-SMA (TAKARA BIO INC.) Forward:
5-CATCCGTAAAGACCTCTATGCCAAC-3' (SEQ ID NO: 31) 10

Reverse: 5-ATGGAGCCACCGATCCACA-3' (SEQ ID NO: 32) *mouse
rRibosome 18S (TAKARA BIO INC.) FdatWward: 5'-
TTCTGGCCAACGGTCTAGACAAC-3' (SEQ ID NO: 33) Reverse: 5'-
CCAGTGGTCTTGGTGTGCTGA-3' (SEQ ID NO: 34) As shown in Fig. 2,
the expressions of GalNAc4S-6ST, type | collagen, and a-SMA 15 genes
vt ige tongifet). 6 d- 46 rddiitsshore thti St SPEESSIRNGS has the effect of
SoppNaGASpERdionRas aignificaptirsppressed in the GalN1Ac4S-6ST
SiRNA-treated gr as compared to the, untreated group (P<0.001; when
compafﬁéﬁ té the %ﬁ%e%eesgnﬁ%‘(fp Br _%Pr%%?%@h%’%%?ﬁf%%&&ﬁg% tac bypertrophy-
YRR RR e PesRsyenrgarR Oherd s daBeErEPRY indicators for
fibrogenesis, which is an important pathological condition of

odigmeyopatbyniaasesult. e sidnlicantredusion:of 20 8XPIesRIANg. 65T

confirmed in the GalNAc4S-6ST siRNA-treated group as compared
SIRINA I 2 mouse cardiofmyapath

to the untreated group (P<u%5’f, When compared to the untreated group).
This reStitidirsrtdhsdipmnt colieaen gepasiink travisdistise rbfithegenesis)-
BaNADESBITos RINaceSERS HRNppressianel hen Pegressisiase
sesardiakiibrogensasis atdhe.0anREXRIERSIOR VSl NeRICHS Of 8 e as
r%%%gg %g\ég{ntlo%_ r%husge%%fﬁl,fwaggé)le, aas r(g/ggﬁ'gﬁcalrd|aI 25 ) N
% rOgenesis mnm |drs.d[E§amp_e]§] ardiachvs {2 pPaddipgymedivm for
EHRTCEr NACEIBSTSIR Nissh ialtribissectardising dpassizriiodbl bsghisThe
Exatinglesciecheart fiveiiith (mg)andibodyeighiste) efrcardiomyopaliihen
REs! w36 ﬂx%rsu@&a%uf%mg&%%@?%?@%&éﬁ%%Wﬂgﬂtpﬁ‘};'aonaz

which, is an indicator f rdiac ertrophy. The cardiac k
e S R e i v
REDEGARI 0T (CRPEIRERTROPY. aldersarpersidasnidichmatontisabist oG
fibfodity chang diliion; CabpaNsidiesdasdiis oh calcohabin:Hr8 Jag agh MBIgRL tions were
Lreihar i 0§ i - SIRN : s4)and. L.
i e ”%’fﬁ”ﬁ‘%{%ﬁ%ﬁ%Q&ﬁﬁ%%‘%wéé*%ﬁ%%ﬁ%%ﬁﬁﬁé‘ﬁaﬁs%%%@whlfev
R0 SRS 0L SIS Ut QIS S SRR R R ficn
%&Eﬁﬁ?@iﬁ: Thus, the significant reduction of the ratio was found in the
SIRNA-Teatetorgiey) Asitompareshiodiia BE. antreatadarewasRe0:@Biis for type I
Eﬂ@%@nm 5%%%%‘43&%&%} ( 9&95&% %§Js§@%@@§a{gg ?cfafe(.:tﬁfeanwhﬂ in the
suppressing pathological cardiac hypertrophy. T eagen%s ofthe presenﬁ’
UFETCTRURS USGIE, P IAESPiRIa A8 CEPEIaE iy SERHGBRYLY weaker than those of

§1 [+
mnventuon a
dpirrestan gragentoq eherapisstitbad tims forlkerdi aurypettiojply} st demonstrates
{Eaxaite a3 ASETSTaNt ohbyhe kol 3gan e RASIRN S URRIRSHIRG IR type 1
AiFANOGIR G8T SRNATR MONIELHAIOMYORatY MOfel, itive PCR

described in Example 1.

The agents of the present invention are thus useful, for example, as agents for

suppressing type I collagen deposition in myocardial tissues.

[Example 4] Assessment of type I collagen deposition-suppressing effect of GalNAc48-65T
siRNA in & mouse cardiomvopathy model

In this Example, the type III collagen deposition (an indicator of fibrogenesis activity) -
suppressing effect of GalNac4S-6ST siRNA was assessed using heart samples of
cardiomyopathy model mice. Tissue sections obtained by the same method as described in

Example 3 were fixed with acetone (Sigma Aldrich Japan) for ten minutes, and then washed with
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In this Example, the type | collagen deposition (an indicator of
fibrogenesis)- suppressing effect of GalNac4S-6ST siRNA was assessed
using heart samples of 10 cardiomyopathy model mice. Cardiac tissue
samples were collected from the same rRice as described in Example 1,
and embedded in OCT compound (Miles), an embedding medium for
cryosectioning. The samples were sliced into thin sections using Cryostat
(Carl Zeiss). The resulting sections were fixed with acetone (Sigma
Adeipiridapéia). fértdhinainisesmand ten] Ivasheehvirbiphesphakel bufieraA1:2000
AR ANSEES AREUPE GRIRSPIRROILDANRIOR LS AR e at oom

;2 Oega dflil%lron %r) esagded a ZEF% ry antlbod)éd
Sactions ware R aohata st réjo}:ﬁxt BHETARR %‘ﬁéﬁ“%?dy (1:200
FErGRR 4 <snglp Bieschdisa s the %W@@nﬁhﬁ&bdyq thoeadinmiopc@appeid at room
wapadtediasithaiseeanddry aatibatly, mmmmmmmwmm@aeg the

am%;w tRORRY Iw%éfyo%gmwﬂéeﬁf}@hmﬁ&%% %%P?Hg%%

Nic we;i)hw%s ? ét ihe samples. The samples'were observe

a light m|crossc(():)p%"‘.‘(‘?g(j e 20 Micro swygtl&ﬁ?) %&%@%ﬁ’%?@ﬁpﬁﬁﬁﬁﬁ@?w&a@s for
SN fRLRRS VR )sHvSA Setpisertiva sy Aalsortyp it wotkatrdrpwepe Meanwhile,
tbgeriBil hetwesnzroyncasdigkfibiersindhosunikeatesharoen Mepmwtile, iBose of
EH@ c&ﬁ&% &Eﬁ?t?gegﬁ%l&&d@@&%%réﬁﬂl lﬁgcﬁge% I&Yae%gtjlq{%%l%nvggtra?mng demonstrates

reate

d ose of_the
5\%% escr%\éedgﬁ%%%l §ERiRARTIA %@Hﬁ?ﬁﬁ%@ﬁlg@éﬂgﬁ%‘ﬂ?&@@%mm n
ﬂ?&ﬁtﬁ@l@% IRALAS- BTl Riﬁmq isatbrecifetrohsuppressingethe exitassideposition.

depositibieaféyped teotiagen iveayosardiabissien diisresullLoualates
Withherest at w&g@ﬁ%&%ﬁ%ﬁﬁ;&&%@ﬁ Exemple 1. The agents of

the present invention are thus usetful, for examp e, as agents for

suppressmg type I collagen deposmon in myocardlal tissues. 30 [Example
Enessgnsef 1 Piys sepyesing e ifeiNak45-6ST siRNA

ﬁaﬂhﬁéﬁb&&s&mm% moaennouse cardlomyopathy model In this

Exampl?hit@gx lgsgt%%fect < ?r?a?ngg!:%? e.lﬂd El f’%ﬂ% flbr%gé:‘é)}e (?Né on the

IVJt ) ressin ac4 Was assesse

B e s g o
B néaibiptakosatiesmetiitdras tever be dinsmeanpieaware dietinBtemple 3
aepidned SignacAldr (ﬁ@ﬂ@@ﬂiﬁﬂw&uﬁﬁnﬁﬁ%m%%ﬁh@gﬁé’&taﬁﬁpmsphate

Bnﬁgphmay%ﬁsé\f{@f@mgﬁesag@g%%;s ERASHER SRR, 15400 ditution

tibody, 1:2000 dilutio L)
gﬁ@/ﬁéﬁ? L LTSI TESBREY SRFoR aﬁé%ﬁkfé%@&ﬂ?@#me@nécubated at
FR. ‘Thpmatp &roxid doet| abedech goatxatatieraibbitd gGremtibedyn{dia@Q@lobulin

ditibiedy; Cappeluias Bﬂﬁ@&@qﬁ%ﬁ%z?ﬁd%é’ %H?@Qé% ﬁéﬂﬂé@&@?&ﬁ? BStibody,
e erature 10r es er 1inacu on,
%&é%%&f?ge%{ g% (}amggale gnilge ALUTE in; 51{)] i # w‘lbgtﬂgn DAB

tes.
DAB substrate (Nichirel) was a € sam € Sa

SusERR NSt %I?i GO ae Speefteiks W&y%ﬁﬁwﬂﬂs were observed under a

iight microscope (Leica Microsystems).

The histological findings were shown in Fig. 5. The photograph focuses on the
ventricular septum. Infiltration of numerous fibroblasts was observed in the untreated group as
compared to the control group. In contrast, the degree of fibroblast infiltration in the siRNA-
treated group was less as compared to the untreated group. The above-described result shows
that GaiNac4S-65T siRNA has the pharmacological effect of suppressing the fibroblast
infiltration into myocardial tissues and this activity contributes to the anti-fibrogenic effect.

The agents of the present invention are thus useful, for example, as agenis for
suppressing fibroblast infiltration into myocardial tissues.
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The histological findings are shown in Fig. 4. Moderately strong positive
signals for type Il collagen were observed between myocardial fibers in
the untreated group. Meanwhile, in the siRNA-treated group, the type Il
collagen-positive signals were comparaBFfe to those of 10 the control
group. The above-described result of type Il collagen immunostaining
demonstrates that the GalNac4S-6ST siRNA has the effect of
suppressing the type 11l collagen deposition in heart tissues, implying that
the siRNA is also effective in suppressing active collagen deposition. The
W@é%ﬁgg@@pt invention are thus useful, for example, as agents for

Exa rf%%j’;?ltng%g! Iiub%%”e% e*gnfﬁdeﬁﬁ%ggploﬁnﬁﬁ mﬁ%?%aaigjglcyg%ﬁszgfﬁl%fg%e intestinal

£6ST siRNA in a mouse cardiomvopathv model This Example
assesséd&¢heijphanndacologicakeffgetof GadlACASBIT SR MAOHhee, six weeks

kinetics Qfifibroblasts H@ty@m@a@gmt&%&%r@g&ﬂmgm@éﬁgmm WY, dextran
mice ministration.. Ti ecti
eateasrﬁewrﬁni%%é a%escr ?(gr%ugfe“ Sv%zérl Zggr% Slinduced
Eaitina o mﬁ%ﬂéﬁ%} ‘f%i?f?éﬁciﬁ’rhme@déﬁ Hlﬂﬁéﬁ%stﬁé@ amﬁypweb@rmmnemal
bwﬁiw mvdeh ftt-imbusaditnoldast dintipedyudhRs TR #atat motigelo0alhn’s disease, as
a«@ﬁt&gqynédé‘lqgt@Mfl%cl&%ﬁrﬁl%ﬁglgﬁl&wﬁ&yﬁ%%ﬁq @sda?ﬁ hecle layer

rimary antib he.s ons were in ated at. ro emper
rrgn bu&r1 8lhhen aé;E Otle (13%? 2SETRBBISS o ‘gﬁ%ﬁﬁn‘fﬂﬁx%%ﬁﬁ zgf%am ]
nilasay 00280 3 %ﬁﬁﬁweﬁ’e}%ww&%aﬁeqfrﬁt.éﬁaﬁ Fhisioh@asaelenser -t Physiol.

SegonaEGaminody). dherthecsdetinnsingrel ificiigieteabiamly and widely
IRRPRIEH IRTRR 3R IR MRS dAaL INGURATIoN, DAR %es RUPSHRIG AN %%e histological

Bioscienc Wa{s, ad qd to the s%n %,s The sam were observed
R I G N S
Wé?éiéﬁ&ﬁfh b SO VRS HBErApthTatusRS S tHa B0 densthiouitaitls, radiation
septitiy). eh@ﬁh&@umbmwmﬁnﬁ@mgﬁbbmfam&gﬂa&@b&ﬁﬂ/@&iﬂd&mw HELSHREL of the

%Mﬁe&%&%&@@%ﬁ@%&%yﬂl h@n%%H?@Lﬁj QEE ng'%re éhsease

flbrobJas%tlnflltratlon the, S'cpiggsz?g eatéd rou was lessas com

AR S %%Stg}? SEEd H%‘ﬂfﬁ R Inestinal Jumen
@’@W&é&%ﬂ@%ﬂav@wm@ﬂ@wﬁmwm@@maeﬁ@dmfgsm ppressmiptaeyx
filgindasi shiilirgiaintintermyesaitial disstestane-Hisnaet] viba ConbimBSt0er, colon
%ﬁ&ﬂ%@@%@%&%e%ﬁé%he agents of the present invention are thus

useful, f Ie as nts for sy preSS| gflbroblast |nf|Itrat|on into

myocar 51 BE Bt SR ALSR I TE DR EHASAS-0ST siRNA
fib rt&ﬁ@?ﬁé);?g-@wppbe@ﬁhr@i@ffel@t lofv@ atihinS -8 8T ainlacnllegse(iatkstiGal) prediluted
fibrasiswip dBisedhE00Ql S MOdelicRWaisdRe RAMIRL BV MOVIRG s of the mice,

SR7BLBL Pise demalg, SXWEEKs, QG 9@9@8 GadQdreehndink o while

h| h-concentration chlorine water containing 3% dextran
roup treated with atelocollagen alone without combining GalNAc4S-6ST siRNA was named

the “control group”. The body weight and the disease activity index (DAI) score were recorded
during seven days of 3% DSS water feeding (Kihara M., Gut. 2003, 52, 713-9). The evaluation
criteria for DAIT are shown below.

[Tabie 1]
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sulfate sodium (DSS; Wake Pure Chemical Industries Ltd.) for eight days.
The DSS-induced colitis model has excellent reproducibility, and is thus
widely used as a typical experimental mouse model for inflammatory
bowel diseases such as ulcerative colitig®r Crohn's disease, as 10 well as
a model with full-thickness inflammation and fibrotic changes, and muscle
layer thickening, which are histological characteristics of the narrowing of
colon lumen (Sasaki N, J Inflamm. 2005 2: 13, Review: Pucilowska JB et
al. AmJ Physiol Gastroepferol Liver PRySIol. 2797 G653-G659, 2000).
ThersfoYesighieldustological findings are cpgasnerkydand widely observed in
inflammatory bowel di Il a$ pathological conditions with the
histologiaalel 5 narrowirbg;,gf@e intestinghbingn, specifically diseases
sych as jnEgstinal Behcets disease (Simpie wcgjr!)F I[)llld le bowel

S eritis-drug-indyc ed ehieht & radiation enteritis,
=§onh1! §uiichalasia, & é@‘iﬁ%ﬁé%ﬁenos@&@s@&%ﬂ“\)\nth scleroderma,
marrowing-@bthe colon/lumen aSSOC|ate°¢;é/,\Atb<§M§t@,m,ip lupus
e@/ther@azggﬁsus (SLE), Hysensprung's iz'aief_ase?i 56}3,”05' after removal of

. 31245
i Itest“ e (pcstcpnrgfnl cfrlr\furn\ narrr’*\'/\'/!nn 0 t|na| |umen 20

after enTiesespicofucgsalirebedtionder gasteoiviasting Garces (lORFH Iy of DSS
%{&G%egﬁgoéaagymsqaﬁggﬂgmnﬂﬁéfxn %%‘f&?ﬁa%@'%?gg{ a%@%%%rgl

omach cancer, sﬁr%%ﬂ intestinal cancer colon cancer, an cancer),

IS ST R SRREBTI SRR dter RrTost BTt b e grou
GéWﬂMS%@TTﬁR mﬂﬂt(guggpréa@)ara@msmqf AaENASIS wars: expression
pambinatavithateloeatager (ﬂﬁz&aﬁa@@)aar@%%ﬁ@m%e%%@igmgg? BS
and 20%%4%9@%@ I6iNARDISEIRELIG Ihe Refitonsal cayities of the mice: e

ég of mice treated as described above was nam

Ko e SRR A B A 6. ol R A SR A-
acﬂ@h@smt%axmrﬁmﬁmé GNACESS B STheiRIA washiamédinttied teitaalr that

e inkhye R0 Gyraighisandithesdisense 1@%@%@%&@4\&%@%@% the
Reoided rm%%e%@&a@gaapﬁfw%{g %ﬁe%gﬂe%g%% i ed group.

2003, 52, 713-9). The evaluation 30 criteria are s elow
[Table 1]5&‘&%%61 R BERAALRETORR Fe turpsdy’ é%%?%@)ﬁ%&%*ﬁéor
oprtad INDHbTali¢ chasdeéthedniesing+) 2 5 10% Loose stools Hem occult
(++) 3 10-20% Hem occult (+++) 4 >20% Dlarrhea Gross bleedlng The

fgﬁa&&gé scaring:thed

walter reedi

g {6 ay §
ISIRNA-

In this Example, the expression of fibrogenesis-related genes in the colon after
GalNAc43-6ST siRNA administration was assessed by the quantitative real-time PCR method.

The intestinal fibrogenesis mode! was prepared by the same method as described in
Example 6. The mice were sacrificed on day 7. A part of the collected colon was placed in 1.5-
1l tubes, and frozen with liquid nitrogen. ¢cDNA was synthesized by the same method as that
described in Example 1, and quantitative PCR was carried out. The primer sequences and the
number of PCR cycle conditions were the same as those described in Example 1.

The result is shown in Fig. 7. The expression of GalNAc4S-6ST gene was enhanced in
this model. The significant knockdown of the gene was confirmed by GalNAc48-6ST siRNA
treatment (p<0.001; t-test). Furthermore, the enhanced expression of type I collagen and a-SMA
as indicators of fibrogenesis were significantly suppressed by GalNAc4S-6ST siRNA (for both
genes, p<0.001; t-test). The result suggests that the enhanced fibrotic changes of the colon can
be effectively suppressed by suppressing the expression of GalNAc4S-68T.
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administered group exhibited a significantly lower score as compared to
the control group 5 (p<0.001; t-test). This result suggests that suppression
of GalNAc4S-6ST gene expression produces the effect of suppressing
inflammatory activity at relatively earliersgtages. Furthermore, the mice
were sacrificed and their colon lengths were measured on the fifth day.
The colon shortening was significantly suppressed in the GalNAc4S-6ST
SiRNA- administered group (p<0.005; t-test) (Fig. 6). The colon length is a
definitiveningieatarrthabrd@refiesisdntasting ilmyenesis-anseNgsiss for

Thr-tipanalsnalitaildemensigaied ihat the fibrotic change of
intéstine was suppressed In the GalNAc4S-6ST siRNA-administered

group. The agents of the present invention are thus useful, for example,
s armplatS] fhissse fibressniemisfihportssopeifies of GaENALESHERT $B8 TExample
intdatestmabiibragenesis-suppressing effect of GaINAc4S-6ST siRNA in a

mouse ~i i j i | In this Example, the expression, of o
forogons e T e Bl B SRR R R serived
TR atiBR NS S SATERP B W e arftieaRlecks Mt s cxtisnstise, prepared
friva theesiincikflordgermetis smodsktias ssréparda iy thensama. mezod asined images
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laced in 1.5- ml tybes, ui
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HO% g b PRI SR QRSB THEPRpEs 2nd musce layer)

sdipgenbber dnpbtiteomusm bignidt RO Rscyctessahditionpangre the came adup.
those d?ﬁ@ﬁi@fﬁz@ H&%%&% _I%nv-gﬁ%iﬁ&b‘ Iéh%h%%m%} %grg[l le] 1€ ezlats_l_ fﬁr

[ Q c4S-6ST. gene was enhanced in is mode
e G e RO TR vl colsgen

N&PYFERfnent (p<0.001; t-test). Furthermore, the enhanced expression
of type | collagen and a-SMA as indicators of fibrogenesis were

SRSl YRR adrby faalifad3-00 hrelBNA K BEHIORPES 63T sinNA ina

gngOJféstﬁ%eﬁ b;I'OrS]e Irr?%é&t suggests that the enhanced fibrotic changesof

: ] ly suppressed by suppressing the expression of

GalNAthsBEsns] fivregsnesia madst wis prensest hyvensoncaretind s dsstaibed in
Forepimipléhasiagents forrifuppredsing theytiblatic atbnges witbescmaprepared
frorample Bl Eissuedibyonenasisssuer rﬁ%ﬁ&giﬁégﬁﬁtﬂaﬁﬁfé\lﬁcﬂé@g&ing sections
SIRNA In %ﬁ@%‘é&%@(%ﬁ%@&éf rosis [IOEO el Theémt%estlnal fibrogenesis hed wi
model was prépared by the same method 4 dee el TH EXaiiign washed with
Msnbd SHCHREEH I HastiPodriabioetesional iatbelseltiomsiibrg,) was
piéparethefromathyemiilested colorijcthevsame thediod asdesaiRedu? for one hour.

EaMmalad MassanisRINRIHAYRS oh-L3l0N & HSSHE SeEHARR S S i rat

o oL PR Rt e o o e eahon s DAB
siRaVale QuishimsBiewigretn, Thenulicnidkersssa isired prdph-Mapodae;atoxylin
Sdbm Boasahanidandzcle Tayatnples were observed under a light microscope (Leica
Microsystems). The antibody binding was detected by visualizing it as brown signals.

As aresult, the full-thickness infiltration of fibroblasts was significantly suppressed in
the GalNAc45-68T siRNA-treated group as compared to the control group (Fig. 9). This result
demonstrates that the inhibition of GalNAc4S-6ST gene expression results in suppression of the

nfiltration and retention of fibroblasts in focal tissue lesion and thereby reduces the enhanced
fibrotic change.

The agents of the present invention are thus useful, for example, as agents for
suppressing the infiltration or retention of fibroblasts.
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collagen fiber deposition was significantly suppressed as compared to the
control group. The agents of the present invention are thus useful, for
example, as agents for suppressing the full-thickness (lamina propria
mucosae, submucosa, and muscle layef} collagen 15 fiber deposition.
[Example 9] Histological fibroblast infiltration-suppressing effect of
GalNAc4S-6ST siRNA in a mouse intestinal fibrosis model The intestinal
fibrogenesis model was prepared by the same method as described in 20
Example 6. The mice were sacrificed on day 7. Cryoblocks and tissue
gechions WeresRis a@s%a&% ibessollediad calnoy e same RO 38 T srNA
descrlbed in Exai ple 3. resulting sections were Tixed with acetorie

ies) for ten minutes, and then washed with
phosphbté %malﬁwraawmmwlmmmﬁtﬁétbmm@amme@tmtmsysqxbed in

BrahpBMAT Wwasicaddedsasithepsindary’ amibesiycianehine %%@tﬁlﬁxéf\k&é& prepared

mﬂ%@@5&@&5@9@0&@5@9@&%@J%%Q%M&%@JH%& Yising scotions
antibody reaction w rr e out ing a, perOX|dase Iabe ed anti-r
RS AEbO0) 115986 O %A#?e‘ YRy BRI HisTeIBp EhtBgred with

dmﬁgt@mﬁsub@%m@@@@m@bcmgém&l .Titenothd anathatibodps Le/m:
stalredyABDR-MAYRIES Mt eaydn o Meltei Rure Lehesnicals GR.JecHals were
ﬁéﬁﬂ&i@éa‘{"z%%%%ﬁé}‘&&y ﬁg%@ﬂtqiat ﬁﬁﬂsﬁoqsf%@o@b%%ws %xgéﬁsﬂ;gas cartied

%ynl ody bin Igfﬁ W;Eﬁetecte by visualizing it as’hrown

R HArREES Pt IEH m@%&&%ﬂvﬂwa}q iy folloved
éﬂ p@lﬁée‘bédqwmé@ aiingAB\BSTbsiRi Alirbire Bigroip @s) cmpatiednisleus was
theneoniroligeaupyt igrDrok s (Raul PdeRsiiate T Hipt the éaﬁﬂ@éﬁ' RRfobserved

Cobsie Bl gn e gl na e L Ty

and retention of fibrgblasts in foc ere uces
SPRIFES AOPERECHERGE. 35 The agents of the present |nvent|on are
thus uséhglidmitehawndléhaathadehtbitbresuppragbing thelirditrationstanificantly

Eﬁﬁfﬂé@ﬂ of filbroktasis Hes Exanple:4ek @%'%t%?ﬂﬁ&%@rféﬁﬂ@&%tmi group (Fig.
'ﬁ;lgﬁ%ﬁlpﬁﬁc?%%&%ftﬁgt% M c% éﬁﬁ&@‘%@ aq e}&ressmn d*esuited in

intestinal fibrosis mo e mtestl ibrogenesis mo

BRPRE LameE e e e RISRATRA RS é@%ﬁ@ﬁh@éﬁﬁ@%émm responsible
§adhi Q@diﬁmugwﬁh@cyélﬂb@m dnd s swrel setibnsomprehpreveanes:pirensed the
tﬁ@&qﬂgg{@@m@g by the same method as described in Example 3. The

resulting;se S.wer with aceto Rure Ch mlca
RN RS ed, 'ﬁ,] L
Industries) ?%r ton r\r{wxflln tregé and t %%nﬁgs edus\ﬁ 1 phosphate Bu N

SRPEs88 %nfﬁﬂﬁ?f‘@}&ﬁé’%oﬁn‘?ﬁsrﬁb‘ﬁ%@ﬁ%’F antlbody, 2 g/ml:
CALTAG LABORATORIES) was added as the primary antibody, and the

%Eﬁi@ﬁ% vigrasioldpeubated st JeomiemBeate {on e-RoM  TREN. IR NA in a
secon i% rlt c%g Isreac(itlf)n was carried out by adding a

IgG antibody (1:200 dilution), which was
followe@%%ﬁ% deve Fsp?ﬂ@ﬁ%% 1S ARCKRISSEFAYE (AReRien 6 in N-
Biostielhcesiniiven] thei nupteimmasGalNAc-4ST1 and GalNAc-4ST2, which belong to

the 4-O-sulfotransferase family, were assessed in this Example. The intestinal fibrogenesis

model was prepared by the same method as described in Exampie 6. The mice were sacrificed
onday 7. Inthis Example, GalNAc4S-65T siRNA, GalNAc4ST-1, and GalNAc4ST-2
(GeneWorld) were combined together; 1 ug of the mixture was combined with 200 ui of 1%
atelocolagen (Koken Co.), which is a vehicle, and administered intraperitoneally to each mouse.
A group administered with the siRNA is referred to as “GalNAc 5T siRNA-administered group”.
The control group is the same as described in Example 6. The siRNA nucleotide sequences of
GaiNAc4S-65T, GalNAc4ST-1, and GalNAc4ST-2 used in this Example are shown below, but



stained by Lillie-Mayer hematoxylin (Muto Pure Chemicals Co.). The
samples were observed under a light microscope (Leica Microsystems).
The antibody binding was detected by 15 visualizing it as brown signals.
The result showed that the full-thicknesgamacrophage infiltration was
significantly suppressed in the GalNAc4S-6ST siRNA-treated group as
compared to the control group (Fig. 10). This result demonstrates that the
inhibition of GalNAc4S-6ST gene expression resulted in suppression of
tiresenfiltredian oftiiatrdphages-gne fibroblasts, which are cell groups

responsitie 20 antbe persistept A geRangsd flrotis changesqan 975 5140)

gg e@y mprehensively suppressed the tissue fibrotic changes. Th
Cne
ents of the present invention are thus useful, for example, as agents for

%uﬁﬁ%@%ﬁﬁ@%ﬁ%@ﬁéﬁ%@%’ﬁégé&@ HBRIBIESKS. 25 [Example 11]
Hiswlya magephagerininadon-su mﬂ,@smrmcefﬂa@t of GalINAcST
?'%'&é@@c@?@?%w@%@k&ﬁ@ﬁﬁ BRIV AASIST is an enzyme
n 6in N- ace Igalactosamine
%‘é@ﬁﬁ Qgﬁﬁgﬁ%ﬁ%&@h@f Het GRINAE fg\hhlch belong to
Eﬁéﬁ@@@ﬁ%ﬁ#&h@ﬁé@éﬂféﬁﬁmwﬁé@@ﬁtﬁwe@mms XISV THRS055)
{otestinaldibrogenesis 30 model was prepared by the same method as

Y %@%gfmmﬁgffﬁ R 3 NAcaST 2
5(3@%&?8 8?@‘@?%%%&1% {3 gﬁ% ! S}Itﬂgq ixtlre was combined
W%Tﬁﬁﬁni%@%(ﬁé@@dﬂﬁ@"éﬁﬁ(ﬁ@%rﬁU@EQ/&ﬁéﬁ)s‘iéNehlcle and
ammgemm@@e@meammmm 1ANgror® administered with
-administere
%ﬁ@% lésﬂegﬁﬁ\?‘éé égcﬁ'ﬁii} e@i&A&e ccesmPe gu@ﬁ% Z\&’@N g&;‘j 5)

he cantr Igroup is the same as descri e In Examp
(EeliHYsequences of GalNAC4S-6ST, GalNAC4ST-1, and
GANAHSTGE UG IT thisTEdmpeCate(SHaWR bilowa)but 43 the

sequeTCRdE ARGhmitad teckhxatanla-{GatAet§H: LsiRNA cocktalil
yeneesl{e gésiqy eneWorld)

ge%\CCCCCAACTCGGAA AT%?}%E?? %ﬂé}ﬁ% £ :35) 5

5P ECATETTETE AT FEBIE S (SEQ 1D N 488)

5'-CG C@qmgﬁﬁm@Tm@ﬂﬁAAﬁéﬁ-@ S EQuiTIn@icIAprnges in the mouse

ﬁtﬁ@@%ﬁr%@ﬁ@ﬁ&@%@fﬁ@ﬁ@%%@ﬁaﬁé@ﬁkJ,Qh'él i3Blength. Accordmgly,
S all. sequen noan acce nu

N%%%ﬁé‘%%% e A e e
)ﬁ%ﬂ!@m@iﬂémmmem@mewwsﬁ@m yEppressed as

N}@pﬂl@l B’ tﬁéTC@ﬁFbTQ‘A@W@@A@TM TISATGE TS (BE QiidiMedted that the

intestinal fibrogenesis was inhibited by suppressing the expression of the GalNAc4ST-1 and

GalNAc4ST-2 genes.

The agents of the present invention are thus useful, for example, as intestinal
fibrogenesis inhibitors.

[Lung tissue]

[Example 12] Effect of C6ST-1 siRNA on pulmonary alveolar interstitium in a mouse

pulmonary emphysema model

A basic mouse pulmonary emphysema model, which is prepared by intratracheal
administration of porcine pancreatic elastase (PPE), is used in this Example. This mouse model
is classical, but highly reproducible and simple. Thus, this mouse model has been used
commonly as a pulmonary emphysema model. Inflammatory cell infiltration to the pulmonary



10

20

25

30

35

5-TACACAACTCCACATTTGTAATTTG-3' (SEQ ID NO: 42)

[GALNac4S-6ST siRNA cocktail sequences) (GenBank accession number
NMO029935) 15 (GeneWorld) 5-CCAGAAGCCAAGCTCATTGTTATG-3'

(SEQ ID NO: 43) 5-CTGTGGAGAGGHEEGTACTCAGACTA-3' (SEQ ID

NO: 44) 5-ATTTGCCTGGAAGACAACGTGAGAGC-3' (SEQ ID NO: 45)
5-GTCCCTTCTGCAGAAGCTGGGCCCACT-3' (SEQ ID NO: 46) 20 As
investigated in detail in Examples 6 to 10, the tissue fibrotic changes in
theshousersintestinabdtbred enesischetiel cambe dssekiselogical finding is commonly

a@e@esﬁat@ws y&x&h&&@@&&%%aﬁ&%@'{@@@% d08 99& KRG A0 AR nic
7is %own a ssential evaluation item in thi 1’6?1 ?%8?% In the GalNAc

PR A S RSt SPURE f BRIy Sr % hrRadhfprerstitial
RfyprenaedIgs: é@ﬁ?ﬁ&ré‘édté%é@ﬁtﬁ&%%hﬁlwwdr {Hedip(pigBe ylitAm Rev
Reapittitis dEiMAnstrates th, iheo28dnest il flungenesis ywis inbibiteddayry

SHPRIBIINGURSXESY R Al G GRINACAST HaNd ) GRRINACHST: 12230 Janoff A et
gleri,es T ea%e ts of ét‘gggg%isentmven ion ethus useful for examp

L IRESSRNN FSraTas RSP RS RS fﬁfﬁé&&
W@G@rﬁlfsﬁﬁ?mlbﬁoplﬁmd%?é’rﬁ@lvé&érll?ﬁﬁréﬂﬁuiﬁﬂﬁ -H0RYo (baistensen TG, er al.,

Pulracharpemphygesha aodelAibasia melisepulinenaacmplyseMacinar
ogslemhicR s, lﬂ(@é%@[@%bz’é”ﬁ@%t@ﬁh%ﬁt S%‘@?Hﬁ I?&gégqgmealgefﬂ%%waﬂs

ncrieatlc elastase IS Use IS MOus

xample
R B o b i b ey BN Gempactdr dzatin.
ﬁasjﬁié’éﬁi’t@,éb%éh%@éﬁRﬁ&sié&oéﬁﬁéﬁérﬁladqnﬁﬁsémmﬁé@étone PJ. Animal
hiftizin otataphoethinfiltiationriespheppulosmmany 4dcalveplar interstitium is

observed s Qmﬁéogfg@%fg%%‘f'@@&hﬁssﬁ&d%eagg g%lgng Oﬁrpe%%l s lesions

detected in ic obstructive pulmon
HRRSHOBSIRA e 6?8&5%3&%4%%%1&%@5&%&% Agretife fiem

pubpiraoroialiviensmedehsidgeopathic interstitial pneumonias (1IPs),
coniosisignthpulsaenarns tuberswlosis. seggqta@rﬁgadmﬁm&% BlARbpRem) was
m&sﬁ%ﬁﬁﬁﬁﬁ&%@ 90%%%%’%%@@ U9:Verbe gk 8abLEA Japan). The

Protective effect of monary_ surfactant on el’astase in

BB RTSR AR (i 8&@%%?%%%% @f@@éﬂ@%@%@&ﬁ%ﬁ wergpollected from
eavelftiontior dld sridevinbBbEedreixperititeriaremphystmechiraabup.

admmlsrtat@@smﬁammmsacﬁiaﬂ@&@?wm&oga:eé%ﬁ&\éﬁ@%ﬁ% {&19@9&;11 el 1
t ta ible oblet cell
%e%%%%aﬁ%%&%@%v% t el as%%g IKIE’I uce T Ethr?accl)na epgﬁﬂge "e)m‘% ich is an

Bt Kbt f@%ﬁ%@%@%@ﬁl%ﬂ?&é@@éf%ﬂ%ﬁs w%wkrﬂjw Fertinistration.
W Idomfrers Elistabeateatment of hamsters: results of elastin and collagen

AIBAA-INsEitN Dybiigtizatignan A8 J Respir Crit Care Med 1998; 158:
RORBEE: RS GheboRN Freiigne PJ. Animal
5’-gegeeecetetececatggagaaag-3° (SEQ ID NO: 47)
5’-gctitgectcaggatitceggpace-3° (SEQ ID NO: 48)
5’-ggticageettggtetacegtgatgte-3° (SEQ ID NO: 49)
5’-geagttgttgetatgegacetgtat-3* (SEQ ID NO: 50)

The collected right lung tissues were embedded in the OCT compound (Miles), an
embedding medium for cryosectioning, and eryoblocks were prepared using liquid nitrogen. The
cryoblocks were sliced into 6-um sections using cryostat (Microm).

The resulting sections were fixed with 1% glutaraldehyde (Nacalai Tesque) for 10
minutes, and further fixed with formol-caicium solution for 10 minutes. The sections were

washed with phosphate buffer, and then stained with Lillie-Mayer’s hematoxylin solution
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models of emphysema. Am Rev Respir Dis 1986; 133: 149-169). In this
Example, the effect of C6ST-1 siRNA in suppressing emphysematous
lesions 15 was examined by hematoxylin-eosin staining (HE staining) of
lung tissue samples from pulmonary emghysema model mice. First, the
model mice were prepared. PPE (4 units; Calbiochem-Novabiochem) was
administered intratracheally to C57BL6/J mice (female, 5- to 6-weeks old;
CLEA Japan). The mice were grown for three weeks after administration,

&idihendyngtissles M@ﬁ%‘ﬁ%lﬁ%ﬁg fromZRthemyMice hat did. %ﬁ(@l Eently

: trat trol C6ST-1 siRNA
ChEsmpREC e el pam e ST

was admrnrster € Same proce

BEHiL ’étﬁér@Aa(ﬂﬁ%rbm%h%tsveétﬁ%é@w fhmiegte Gbo egjions(Kokevained with
ausil-sidriotl i @amsiRivéarehitie S ancduadminisiene ddchiaevpRREGBER) 10 minutes.

CRAVILRS ARGRA W@f@t’é@é&%ﬁf’ %Q@WP&%&%&J Nnd' 6,956 88 49% for 3 minutes.

%/ d 25% g_gg% cocktai se uen g‘ (GenBank accession

num 1 SV@S R aeCctetack S?Sécg% A %S%E@‘I*‘[ﬁiﬁﬁ%%smd for

B0 Q&%t%@éﬁ@éw@gﬁﬁ@%@@qu 4gpg a light microscope (Leica

Bliggtteagoettiggtctaccgtgatgte-3' (SEQ ID NO: 49) 30

5-gcagiialgsialeaasd n@gg@s cafieqied, es of a
(Rt el 1%%5}92:%?2 gated E’% i %”Qm £

trssu Svere em edded in the iles), an em

mgg ium rt%rp crg honin Chara(&eérs% ear{é'eﬁ %TﬁgPéti H%ﬁhg"trqfarald in the
RAFBEkHOThE érﬁébt%%ﬂﬁi@i@%’@eh W@#ﬁs@@%m@m Eryostae to

(eticnotio) Akevelkiiting seaienawerelfixed; %ﬁreﬁ%@tmwﬂahyﬁae (characteristics

bEgsaue) ondQamSapies Aduitherdaduy QG 1
ﬁ?é@%ﬁﬁﬁ% S Gl ﬁ“ he ;r?;me-

ﬁfﬁﬁ@tﬁgﬁ‘ﬁéﬂ%@ﬁw fei et @ﬁﬁ@qéﬁg hsifidids, S'ﬁlgb‘igé@hmmte:rﬁalveolar septal
walshed geptysemittos tekolosizing satrion (EM4ethRaolLeRtanNG. &:o¥my
HGlsREepared using reagents from Nacalai Tesque), and then washed
with water for 10 minutes. The sections were stained with eosin-alcohol at
room temperature for 5 mrnutes and then washed with water for 10

LR Y alwashsedsuemtissinitla 00 @8R ol iR themouse
aﬂbmdrtcr.ﬂzg&n@ef@dt &rmethutes The sectrons were further washed gently
Lo eresealL Treoel a0 ey R, AOTIMER e

am le wa %t% observed using aI| croscopeXd
.%froél%te adﬂr%raérearrﬁaaegda% errawamaerrr@l tipe PCR

1F‘rﬁi@‘l’ﬁstoIogrcal features of a 10 normal lung parenchyma with

charact@hs oty eoladevaly selak sepiahyalisareound dBsthge M elmple 12. A
gEAuR £RREBAn AT RNSIeTedBice Meanuilg. s IRMSEmat ”ﬁ!ﬁﬁt%?éogm

c ﬁ}& synthesis was carried out by the same method as described in Example 1, and quantitative
PCR was conducted. The primer sequences for type I collagen and a-SMA and PCR conditions
were also the same as described in Example 1. The sequences of C65T-1 primers are shown
below.

[Quantitative PCR primer sequences)
*mouse C68T-1 (Takara Bio)
Forward: 5’-TGTTCCTGGCATTTGTGGTCATA -3° (SEQ ID NO: 51)
Reverse: 5’-CCAACTC GCTCAGGGACAAGA-3* (SEQ ID NO: 52)

The result is shown in Fig. 13. The expression of C65T-1 gene is enhanced in this
model. Significant knockdown of the C6ST-1 gene was confirmed by C6ST-1 siRNA treatment
(p<0.01; t-test). Furthermore, the enhanced expression of type collagen and «-SMA as
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destruction and abolishment of alveolar septal walls and enlargement of
air space (characteristics of pulmonary emphysema) can be observed in
the untreated group (administered with PPE but not with C6ST-1 siRNA)
shown in the middle photograph. On thesgther hand, in the enzyme 15
treated group (administered with PPE and C6ST- 1 siRNA), slight
abolishment of alveolar septal walls and emphysematous lesions can be
observed; however, their levels are significantly improved. [Example 13]

M&mm&mﬁ%@%@kg’%@ém@ﬁﬁ% I%Q‘& CRPT LRIRNAIN G penes,
g%’l %35755)%10?8% tes{%%ﬁs%”}% é 5?’{;(?%&; he ea?]:({%g:%?rs)!?nterstltimn

br05|s relatéd genes mgulmonary
SfTESRIQIK SHPRTRSH&%C 18%%@?5@6’@}%’&?&@&5&@@& time PCR
methodermm@ BOmpaieinyas qripatedtoy thefisamecmathiethageents for

dagraleg mblxenpiedMndRRaiel e caliegted lung tissue were

placed in 1.5-m1 tubes, and frozen with liquid nitrogen. cDNA synthesis

was carried out by the same method as descrlbed in Example 1, and
H@f‘él‘ﬂﬁ?tl\?g TR Rl IS LIS e RSP TRIE ﬁfcirCCﬁ/@éSITEmRNAma
gmtaggmlmnﬁhw&hdﬁvaﬂdam@ﬁ?ebondltlons were also the same as

described.mEXAMRIEL. éﬁ@ﬁﬁﬁ%@%@%&g&@ﬁ P rgﬂl%rs hO ﬁcrlbedm

Eelow1 %[%u %Efg‘t‘f rlmer sequences] *mouse

10) Eorward 5" iﬁ%”?ﬁ%ﬁ@ﬂ%ﬁc"% e E@eﬂﬁ’ @ypues by
Revarsanshetaa ieribed @f@m@@A@ﬂmﬁt@g@E@ﬂmﬂ@ﬁm Fiieacetone
(P& RushOhemiaFigd ki sFhiaexpEamsien @ﬁ%&fﬁﬁkﬁ&!‘%@ BROBRSE G IR, An

sm@ ﬁﬁ @‘I@ﬂﬁlﬁﬁd g tenbineai Aol RS s sanines

RNA treatment ore, the enhan ecDerofnary

t-tes
expresyslo dsi?et Secn‘f%so‘fﬁﬁéﬂc%eg BRARLEHES mﬁé?é@?&oﬂbrgéé‘hé%?s
fFeradsry RGP PRESY(CE ST AdsiRpApHorideth- Gbeied Anp<@tQd G
taiebb)y(hisoesilltisHy gests mtﬂﬁm@&f&@%ﬁ@m%ﬁa g DAB substrate
N&Q&%%é@@{ ;U@‘heﬁa&&é%égﬁsc&‘éﬁ Y- SUPRIESSRY. mhhbltl%%xglm (Muto Pure

E)égresilog ?2 % ! he agents of the presen |nven n are
SeTurtora %éa‘ﬁg SRR Upfirbadisy mirecrRahees Migkeystems).
Bbﬁﬁ@tﬁwnhm@mmm dpeertahpYey badlidistoiogi dad fibsiblalst cell
infiItratim&mpkess@@ﬁi&@h@ﬁéﬁ%&fﬁ&ﬂ%ﬂésiEi:& dRQURE B{J!ﬁ@(?ﬂt@f%tmm with

@&H&Eﬁ@%ﬁ%@@&kﬂ‘&é%ﬁﬁw’%&% ?ﬁenﬁ?l % yias prepared by the

method as described In CKS an
R Tche BTRTORCh BT E&h@s&é&mﬁ%@@mw t%ﬁéﬂéf‘aﬁﬁéum where the

AeplaUs e aleeer et itnBagath ez 3] 4T highvasultingrseetionsoivatefixethiyjtihe present
acetone obiiake hiiahemicatindus Ees) Joe IRBUMINMER oARIIARRLS 1ead to the
W@ﬂ%‘fﬁaﬁ&%m{%&yﬁﬁga{ﬁ&ogw} conditions such as COPD. Meanwhile, fibroblast
inflitration to the interstitium of alveolar tissue was obviously suppressed in the C6ST-1 siRNA-
treated group (Fig. 14). It was thus demonstrated that the suppression of C6ST-1 gene
expression resuited in inhibition of fibroblast infiltration and retention in the interstitium of
alveolar tissue and thereby reduced the enhanced fibrotic changes.

The agents of the present invention are thus useful, for example, as agents for

suppressing fibroblast infiltration and retention in the interstitium of alveolar tissue,

[Example 15] Histological macrophage infiltration-suppressing effect of C68T-1 siRNA in a
mouse puimonary emphysema model

The COPD model was prepared by the same method as deseribed in Example 12. The

collected lung tissues were processed by the same method as described in Example 3 to prepare
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anti-ER-TR7 antibody (rat monoclonal antibody, | .sg/ml; BMA) was added
as the primary antibody, and the sections were incubated at room
temperature for one hour. Then, the 15 secondary antibody reaction was
carried out by adding a peroxidase-labeled anti-rat IgG antibody (1:200
dilution), which was followed by color development by adding DAB
substrate (Nichirei Biosciences). Then, the nucleus was stained by
Lillie-Mayer hematoxylin (Muto Pure Chemicals Co.). The samples were

obserresblunklesal BghtionicmoscepgtilaieaiMis F@&¥$§%ﬁ SHnTRE AP Pure
eindingrps detecisd v visvalizing it ag, brown. g 'S SIS resulL, 74780

str& accumula ion of fibroblasts was observe e |n erdutiam Wit

Al Eﬂé&awwmﬂ‘l@%uﬁ/(ﬁrgcﬁh%@t DARGIRGTABIES) was
toiseap émwawnh@mom decuntlatiorofimenyefibroblastswastatsdor one hour.
@b&gl&e@e%ﬂhﬁy%ﬁm&ﬂbuﬁhwhﬁWaﬂ&rﬁéﬂ%ﬂ%ﬁ%ﬁ%&@ﬁﬂa& labeied anti-rat

%@Qﬁ&ﬁ&iﬁ@z i @BLP%?JJ% g]fﬁif‘on” roup) Tous, the b cf fe AR

Inventor tained the unex%%;:te resu tt EXCE‘SSIVG CCUITI

TS S8 “r 158 Rsaienasshiy Ear et elani ot § pirse dad iisddasra dreastoxylin
gdnigifiorsEyoticals COP Dhdveapishierdibrahiastuinfitedtion todioscope (Leica
Miterstitamsn azhweg%ﬁgsmwgs«%eu&!& SYPRIBASRY INthe aSTkis,

RNA- 4), It w d h h
ppreaon o QBT e R e st

ene SSIoN res
uppresson of ChoTLLdene SxpreesonTedinee it ahePABRByo the
setfndanotie Bighbhcduvisribtic dhangese3thihh agenpissabihe posgentene

BryeRtion REeIUS bkﬁﬁfﬂéesf&{ @P@ﬁ@lﬁiﬁtr@t%ﬁgﬁmﬁ h%gpsoﬂi}@ﬁ'ﬂgbiasts which are

filtrati retenti on in th inte t|um alveolar. tissue
é@f%pg%?g b ]quo oglcaelpr%rglcsropﬁgae m]fcﬁf{a? RS Sflé%%ﬁﬁdéﬁfﬁs‘?%f
‘@é’gﬁekf%ﬁﬁ PASHPRECTHRS e rahnh BPrakyr eRipasisema model 35 The COPD
model Whs qrepartddyrdlmatsametimeihothassaas ibes im Fxamplent2or

ShsresaiectedriinalissuesweraRRes ased vdhe samepathod a5,

described in Example 3 to prepare 47 tissue cryoblocks and sections.
The resultln sectlons were flxed W|th acetone (Wako Pure Chemlcal
SR 3 B } eF g 5 h At e 6 A

Mbody (clone A3 1, rat monoclonl antlbody 2 g/
CALTAG tABQRATORIES) WA@QMS@%Q&%&r@Mu%@P& zsﬂqu%o%mm

usn(i: iQ %é/\{ere mcuEated att room te ferat or one our.5T

amphance (siafistic com
sec n gé aﬁtcb 3 reac EHstic son 1§a‘tor to evaluate the clinical

Jdodfd¥airprlrone ﬁmbwelﬁm’@idﬂmoﬁ)%tmmBﬁWas measure of

fmhmssdetﬁ;enbibrydmﬁ@mmeby@ﬂmaﬁanmmetwmm ESdisease with
g{gggepggggha'g{&%g the nucleus was stained by Lillie-Mayer hematoxylin
(Muto PI;Jlﬁe Chem|c Is Co n} r% sameées were observed under a light

e

MiCroscope (L ?’Sﬁm EW@BW%W&WQSWG@@&%&?W@% =

Crosys
Gicwanisi ﬂﬂééiﬁpdei@ﬁtedgﬁ&éiﬁ:ﬁﬁw@ﬁ‘ééumw@mm waagrophagiee mice to
mﬁﬂtxmmmmah epitmonandaivedial ditarstitnivRg claar M&m&@m}m)

ﬁ%@%ﬁ%&ﬁ!}{%ﬁ@%% HOWR %ﬁ%&@rﬁﬂc@&h% fc%g%# i%) HR gl:égiVent by the

%L It was th us demor&strated that the s ppreSS|on 0
4} owmg proce Tre. & median Incision was per ormed after stoppmg SpOIltaILSOLES respn‘atmn

and then a special cannula was inserted into the trachea, which was followed by peribronchial
ligation.

The result of this Example is shown in Fig. 16. Cst was 42.62  2.25 pl/em H20 in the
control group, while it was 51.22 + 5.2 pl/em H20 in the untreated group (when compared o the
control group, P=0.03; t-test). Thus, a statistically significant increase was observed in the
untreated group. In contrast, Cst was 42.92 + 1.82 pl/em H20 (when compared to the untreated
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expression resulted in suppression of the infiltration of macrophages and
fibroblasts, which are cell groups responsible for the persistent or
enhanced fibrotic changes, and thereby 15 comprehensively suppressed
the tissue fibrotic changes. The agents afgthe present invention are thus
useful, for example, as agents for suppressing the infiltration of
macrophages to the pulmonary alveolar interstitium. [Example 16]
Respiratory function-preserving effect of C6ST-l SiIRNA in a mouse

priapoPaly32 0eam) phy sema mnadealtln dbisckscampies COSTr L sIRNAIWERSstered group

@ﬁéﬁ%ﬁﬁfﬁﬂd% ggglmggeggrgggpiratory function using static lung
compliaYme (statiétic compliance (C%t%}}ﬁs an indicator to evaluate the

clinical ‘EH&LEHF SRR PR TSt hbr sy s terssh seap igeficantly
Erreprdshhiscierpelsurecafsddhy tidswadiexdbility s@st isdinertasiatkitracheal
pitTinAATLEETISCMAanwhiss, iharsisgeasewity mg@faiﬁﬁgl@ﬁ&%%ests that the

: mice were prepar e same
e P R B e B8G vy
TR e e R e R ——
feaspiratoncanddtitisen their Cst was monitored using FlexiVent (SCIREQ)
respiratory fdaotienmnalyeer inviad Yrloonsnads: Micawele sonnescted:

19 SEiL%Y\%BEaPXaﬁQE 30 following procedure: a median incision was
performed after stoppifng spontaneous respiration, and then a special

cannula was inserted into the trachea, which was followed by
petiplachibl isiyatimeseTie: effgltof @ ailple i [ _
wiageft2.62 f 2.25 pl/cm H20 in the control group, while it was 51.22:L 5.2

41/cm i ntreated gro hen compared to the, 35 control
group, gﬁg‘ %%&;tl%g‘se&% s, é\ggé) é%?é%ﬁ?%?gs}%i%&é‘g tll‘?‘%?@[a &l i enlarged alveolar
b SRR AN RS CRRARELE Y RsFeriEd I GanReisESOB O M SoRatD IS ddigns. The
Pz {ewehicbrapated to theveititrehtaticdshagtinuife=3.085 T-eseAaddhusonly
sigpiticanilyrdrerrsethinine.Co Sl 4$ %%ﬁ%%ﬁﬁ@[&f RS Rnce and
%pq@&r%l t%ﬁgﬁun%e_ated group. It was Fhus demonstrated that ?he

65T-1 SIR -a&gr%ln.lstered %%%OU significantly suppressed the increase

p éﬁi‘%‘ﬁ

in Cst calfsBel B BT SRS YS 8 el by tistlraghelihs same lung
geenistratidm dxRRE: Furifiermoresthe iesultdeserined inctbigmxampled with
pHagRsS thatthe SURRERSSIQR RPN RIGRR %%Oélgs@lgentainer. The
B L N e R e O IRl e e
fersttium of IUNg SSUE Bt alSo Improves e Hediehicafiey Mplopgdissues were
frlishiraibry CAlRToNEE SrRE Ay BRts Y thiegres epnvieisationismeatedsveight into a
useflil;dormexample, as agents for 10 suppressing alveolar damage.

[Example.d &k TiSsuarPEcsaping SEeGLRHO P - TRlRNA A MAES77 5 + 61.85 w
Pulmonary emBhysElma mogﬂ .

in'the control group; while 1t was 413.33 £ 77.67 ul in the untreated group (when compared to
the control group, P=0.024; t-test). Thus, a statistically significant increase of lung capacity was
observed in the untreated group. In contrast, the lung capacity was 292.5 & 51.23 ul and thus
significantly decreased in the C6ST-1 siRNA-treated group (when compared to the untreated

group P=0.027; t-test) when compared to the untreated group.

These results revealed that the inhibition of C6ST-1 gene expression effectively
suppresses the increase in the lung capacity associated with pulmonary emphysema induced by
intratracheal administration of PPE. This suggests that the effect is not oniy the suppression of
the damage at the cell level but aiso the effect of morphological maintenance and preservation of
the organ or effect of repairing damaged tissues.

The agents of the present invention are thus useful, for exampie, as agents for
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In pulmonary emphysema, whose characteristic pathological feature is
enlarged alveolar 15 air space, the lung capacity is increased with
progression of emphysematous lesions. The purpose of this Example is
to prove that the therapeutic effect of C88T-1 siRNA is not only
suppression of damage at the cell level but also the effect of
morphological maintenance and preservation of the organ. The
pulmonary tissues used in this Example were the right lungs of the same
funge 2t Ssumsrassesthing drariiplakad Theldimontisstreshigetated from
mice were gently washed with phosphate buffer and then |mmersed into

r r al ntainer. ille
%1,[ 5 tu ersgttt%% SS CO tg n og d

. 1 SIRNA 1n a mouse
"‘“”*" ] peddiner, Iung capacity was S calculated by converting
th mcrE&smbwetghtdftmmnhq aichaitiome 228 d helsrsubtrafethisifxamidie ésal

Eiaemmiﬂglslg&aﬁtﬁ%lm @%&yatfaﬁrgzlz 1o Ferk I 1RE SRRy aiveoiar

wh 4 I |n the untreated when comp
?‘ © h% cortr ét%%p 1§r 0. at SO TR AR ét] § %@é\ﬁﬁtﬁ’é‘é{ﬁtﬂa -time PCR
FrriPed deing %Wﬁ%ﬁ%ﬁ&éeﬁﬁﬁé ve@mmiéedmré“a@e@wmmmnces are the same
conirastirtiednply capacity was 292.5 51.23 | and thus significantly

decreased umgﬁgtgt RN AdeAled 9{&1}5&&%@%%&%&%&%%@1@ in
gntreeit e_?% roup P=0.027, é{ teSt)Pﬁ Een co re to %{1e untreated it N
edelBs0 ts Feveale & ?ﬁh‘fﬁ’r_ﬁ’ FCBE T gbges and frozen wit
b%ﬁﬁéegwléff&wﬁyn@e@m@@mmg@smm%n@ asajsaoited in Example 1,
asbasated hyithpeiimbeayremphysena mﬂm%@ynd&rzﬂﬂm conditions were
aduibrARRSLPRE.HhiR319085ts hal he.eleel %gpbc% are shown below.
ression of the damage at the cell level but also fect of
%%%%%3?3&?83?%5? %‘B’ﬁg%méﬁﬁ Fﬁervatlon of 35 the organ or effect of
Fepaenkfdh{dalaaBiules.) The agents of the present invention are thus
Boefuld for-exampleATCAgEniS (or @@ Asuprrgssing (HEOIMOrRase 1f lung

ity CaytsRehh NARY; S e:138] Pulmonary
?r?tgér?s%t%jgross gﬁ)%?gsmg SP};@C%%"E&@@%RS@ in a mouse

pulmon&?§ EABHY SAHME MEtel'S T He FOREHEPErEaNAfi bRt HRikHEh & SMA,
e 6715 o erimhetrencigniithogenedidivion al sExgnifdentin shisrEssadripl€iadhescST
SRINASSIeAI0EdREOs IS BlatedDRNES Rxihe pUIMpoaRalelasItesitiym
afiprSalNACSIRIRNAradmInIRUAlon Was ASSER3eI Y 9““3“3& effectivel
as descri h Exa anl ¥

real-time PCR method using the same metho
Lﬁht&est&m‘zt%%%f@ﬂ&éﬁ%%&stﬂ%vgmemageﬁeww Example 11. 10 The

pulmonahy agerskpsmarenod élvenisoprep dreslussfithde armphetiiogass for

ceseehpd tbrixamale-d 2 Mnparatdhencollected lung tissues were placed
into 1.5-ml tubes, and frozen with liquid nitrogen. cDNA synthesis was
carried out by the same methodas descrlbed in Examle 1 and

In this Example GAINACST siRNA was assessed for its infiuence on respiratory
function using static lung compliance (statistic compliance (Cst)) as an indicator to evaluate the
clinical effect of GAINAcCST siRNA in pulmonary emphysema model mice.

Pulmonary emphysema model mice were prepared by the same procedure described in
Example 12, and then treated with GAINAcST siRNA. The spontaneous respiration of mice was
ceased by an anesthetic agent, and then their Cst was monitored using FlexiVent (SCIREQ)
respiratory function analyzer in the PV loop mode. Mice were connected to the FlexiVent by the

following procedure: a median incision was performed after stopping spontaneous respiration,
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the same as described in Examples 1 and 13. The primer sequences for
TGF-[l are shown below. 15 [Primer sequences used in quantitative PCR]
*mouse TGF-Q (Talcara Bio Inc.) Forward:
5-GTGTGGAGCAACATGTGGAACTCIA -3' (SEQ ID NO: 53) Reverse:
5-TTGGTTCAGCCACTGCCGTA -3' (SEQ ID NO: 54) The result is
shown in Fig. 18. The enhanced expression of type | collagen, a-SMA, 20
and TGF-(3 as indicators for fibrogenesis were also significantly

suppressedeby GatAcaTinsRMAnfohattgene sy sk 0ds leskdbhigibronchial
le. This result demonstrates that the suppression of
GAINA 4ST 1 G §c48 d GAINAC4S-6ST e ﬁ‘{%Oessmn can

effectlv R "AsHIbR KHEREdY B%]tﬂ@ Effarige S SrEtotaR interLefmiT0 in the
THE A G WﬁétpVé%éhtzﬂ‘Wél’&ﬁd#@rgﬁﬂlm ﬁsvemureﬁm:@mnmwhaswmpar ed to the

agents:foip 25-6.0ppressingHibretie:chrages: iniiginieestitiva JExample the
&9&5@& }Pfi’nfy&ﬁ%h%{‘ @é@é&&‘iﬁ‘@sefffﬁé%%%' @h% N%aé}e% (IR SGitreated

B O S i e L AN A fminsered
gimipiiaprceorapatistio Bsmplisaivdaioat)) as an indicator to evaluate the

clinical effactiok GANMReRT BHRINAINPIMMOTArY. LA MYSambASHdehphysema
B e O R U L W v
T S T b P S TARD LB Byaiple sagests that the
ahdgtivatid @@@ﬁﬁc&ﬁa thémiheic €3t wasdhighittketb Silg e xivention not only
EBptRERin3 Rl Teshiraian lunctiabANRIYERS R thenEMofaaRBHade: MIGRs tssue but
were.connssted e Flext yg%mm@%éaé ing:Rrggedure: a median

Incision was performed after stopping spontaneous re plratlon 50 and

then a %’ééﬁ%‘?ﬁ%ﬂ?&’%&%ﬂiﬁ%\%’ﬁ LGP HS HEatHer RitERIAS TBRSWeT
Epprssiee nblatadr Hguben cTheregalt SfrthigpExanpissnpwmditibig. 18.
Cstwas 42.62 2.25l/cm H20 in the control group, while it was 51.22 5.2

@gﬂ&f&%g@g ‘Sa’u ~|?J§re%%191g I]glgé? g[v@?ﬁ& %psal At?ntgemo?lsgonirOI rout%’i h s€mia
tr’eated. groupj In contrast, Cst was 44.15 2.29 1/cm H20 (when
comparélt i ive v dlitet-agrpleps RPrD00 18y thestyrapwmhith eSsigniileaNty ST
georaaseas: mﬁh&%%mésﬁﬁim&r@@m@%mw%wmeﬁﬁaﬁ%ﬁeqa&
md%nl{&é%&tggq%g%owgmn DSE us demonstrated that the increase in Cst

caused by pulmonary emp ysen%a 10 induced by intratracheal

administESRFEPEP ESTES Sehin niropisrassdhs theloatibs me lung
siRidAaadreinisterchgrolip TRulthg rivsoce j dhieteé Suitndereribad gortiisvashed with

Examte susgestsibatthedah EQiH%ﬁaQ/A{ﬁﬁé%%Ia&d% %@ma%ler The

- BANASIS ST e supressir ol oy subptecees e aeclr

§amage Caused by the Tibrotic c RaRge of INteraitium o fing TSsUS B tssues were
added 1o the contamez 1ung capacity was calculated by converting the increased weight into a
liquid volume.

The result of this Example is shown in Fig. 20. The lung capacity was 277.5 + 61.85 ul
in the control group, while it was 413.33 + 77.67 ul in the untreated group (when compared to
the control group, P=0.024; t-test). Thus, a statistically significant increase of lung capacity was
observed in the untreated group. In contrast, the lung capacity was 315 £ 51.96 pl and thus
significantly decreased in the GalNAcST siRNA-treated group (when compared to the untreated
group P=0.049; t-test).

When taken together, these results reveal that the inhibition of GAINAc4ST-1,
GAINACc4ST-2, and GAINACc4S-6ST gene expressions effectively suppresses the increase in the
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also improves the actual clinical symptom (respiratory condition). 15 The

agents of the present invention are thus useful, for example, as agents for
suppressing alveolar damage or as an agent for improving respiratory
conditions. [Example 20] Tissue-preserging effect of GalNAcST siRNA in

a mouse pulmonary emphysema model 20 The objective of this Example

is to prove that the therapeutic effect of GaINAcST siRNA is not only the
suppression at the cell level but also the effect of morphological
mairteadnceaodpdeseivaliaonehibemigana Thed monan: e eaiHs e ration of
ﬂpﬁ"sfmgggégs%ﬁﬁ@ sffégh*slga%wftm%u%%?ags Mng: &%S&*e% g geddn 1 jovel but

The lung tissues isolated from mice were gen ed wit

xamp
5 s s B ARG OB TROBRBLPRA0S B AR R AR o
wRasnecimated. tFkueglass container filled with phosphate buffer was

weighetia aeivanemoAliariamlengotisstamneruiadaeddaihe cauaings,
Mﬁﬂﬂ;@%%%@?vﬁ?é?ﬁ@t%%&%&? verting the increased weight into a

liquid voltime. The résult’of this Example is shown in Fig. 20. The lung
capacity was 277.5 61.851 30 in the control group, while it was 413.33
[Pr:@7epile tiseueintreated group (when compared to the control group,

P=0.024p4- mﬁpf@@U&o@ﬂ@ﬂﬁﬁ@@%&'ﬂ[ﬁﬂ@&tt%@@%ﬁéém&mmsﬁmon
gﬁ,%swcﬁg i ?B%%é ;49 ”éioé‘}{ﬁ‘ﬁ%n 2215 'g ggﬂpgﬂﬁyr%% and

ecrease the

thus s
%%??RTR%%E H’r’Bu {\?O’ﬁla%g Yirtre drbesatean FRIsSrieD pubiibrotic
¢ty oS DAV hatittRens ogetiidry tmageeresmiis devraadithebthearhibitiort@hmine-4-

CAINAASTLe ﬁemyvf\%&mAmrﬁAimméz&a@%gﬁmo@s&msé&i@aS
%%g%&%%&&@@ﬁa t@w&fea& ?&én e 5&“&4 associated
WI'[% e rac §

sema Induce mInIS%r%IPOH of

mona m
e Bt @ép &F%@ff@éﬁ%ﬁg{%mysﬁ@%@ﬁfﬁfﬁéémfw%émethod as
dewrtnge iathhenpdl| lle felibuccalse theveffedtwf maintaining and preserving

ﬂp@mpg]gkqg)é@gkmg QUFRACLE) the effect of repairing damaged tissues. 5
cherqentigbiiereset invantion.are s ysely fof, example, as

ents for malntalnln 0 eservmg ung morp gy ﬁ?’ creatic tissue]
#@%ﬁi‘éﬁfﬁ@élwkﬁé bEZAfdBhration of a type 2 diabetes model by
AdAiifstdbion ATO ARSITE SICHOTALTIG T G5 ARG Gel Nhrce GleTiides CLEM TT-3°
dapamng). emday 2 after birth and assessment of the mice for weight

@8&!&9@@5{3&?&5@@ c%%!‘ treg}ﬁgﬁgre?sl ndroEfr??%S change of

ancreatic tissues cause ment wit

-ﬁ%‘c@%ﬁ&ﬁt&&%ﬁé@ W@?%&%@@ DBEPSTIL) siRNA,
EHOMRTIrGI R DA abetifigafastasamine-4-O- sulfotransferase 2 (C4ST-2)

siRNA (@nd ebeRdsoltin s N-AcabaRIACiosamiRe AR rase 2)
(GenBank accession number NM_021528)
57-GCCAGGAGTGGGCCCAGCCCAGGGC -37 (SEQ ID NO: 58)
5’-ATGACCAAGCCGCGGCTCTTCCGGCTG -3” (SEQ ID NO: 59)

3 -AGAGCCTGCTGGACCGGGGCAGCCCCTA -37 (SEQ ID NO: 60)
5’-GAGACCCCCTGGACATCCCCCGGGAACA-3' (SEQ ID NO: 61)
*[C4S8T-3 siRNA cocktail sequences]

C4ST3 (Chondroitin D-N-acetyigalactosamine-4-(O-sulfotransferase 3)
(GenBank accession number XM _355798)
5"-ATGACTGTCGCCTGCCACGCGTGCCA -3” (SEQ ID NO: 62)
5’-CAGCATGGGAAGACGCTCCTGTTGCA -37 (SEQ ID NO: 63)
3-TCCAAGCGCAATCCCTGCGCACGAGGCG ~3’ (SEQ ID NO: 64)
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15 sulfotransferase 3 (C4ST-3) siRNA. Each siRNA was administered by
the same method as described in Example 1. Sequences are shown
below. *[C4ST-1 siRNA cocktail sequences] C4ST1
(ChondroitinD-N-acetylgalactosamine-44Q-sulfotransferase 1) (GenBank
accession number NM_021439) 20
5'-ACAAAGCCATGAAGCCGGCGCTGCTGGAAGTGATGAGGATGAACA
GAATT-3' (SEQ ID NO: 55) 5-CAACCTGAAGACCCTTAACCAGTACA-3'
$SEQUDAGOCIGC BECUATGCCAGAGCATGARAACERCGBGLCTTG-3' (SEQ ID
NO: 57}ir Gafis22RNAeskall Reguancesl af.G4Rlg (Chondroitin
D-N-acetylgalactosamine-4-0-sulfotransferase 2) (GenBank accession
number NM 021528) 5'- GCCAGGAGTGGGCCCAGCCCAGGGC 3
(Bronb NOAsgsmiAgiap sele: By SE
iﬁaﬁ@nﬁﬁ)S&n&%ﬁ@ﬁI&MQ%@@G@@@ @A@{éﬁ&@&&x& (SEQ |D

NO 6013%9[3%0%%@@6@§ /@%ﬁ%‘g— &%%%ggg%ﬁ'? és;g&ngl)allowed to

O 61 *[C4i -3 siRNA cocktall sequence r0|
f\Yeéc %&a*ﬁﬁﬁ@%%%ﬁ%ﬁ%%%@%@%@%@awps@é@égg.w{hwé to Day
ABATBBEEK VR8s $238)/ 6 cATEACTIBE TOG CEEGRECARGEETIG@®BA B! CE-2 Diet

(SEEA IRPNON62):3b %%@&26&6%&%&3&%&{%%%%8 A 8EQFat Diet
R T SRR

e R P e A &ﬁﬂﬁ%ﬁ@&%@%é%&%@@ [eRfgndroitin D-N-
fEstalemietosEimséddnwiotratideniso BdSitys Eff cirof BaSToitinCaSF-2, and
%@Eﬁa&i&%ﬁn@ﬂ@&lﬂlﬁﬂ&ﬁ@f&?’%@@@@Si!‘lﬂ'Wﬁt@@ds GOABWOIE IR Smbined with

al Pa

RS SR LA AU B 0 e
6\%@@% retirRBUERrE ﬁﬁ}ﬁ‘%‘“té AR D A (5 b9k (riseuaeislealgay 14 of
B57BL6IsninReIUTHE mire\Werdl eatddWithisterie WatpwandiGhi@ddi¢into the
{@L@ﬁq J2iand neur wadl thenwesedo i waeks alddanetheRnn el ancreas,

ac@&xsa% E%I Hﬁ%i 1\9(3(%1[’30 éJ oa%gnc 2 for th orll?:)x(}xngn%s\{vaglelgg and gene

On t € secon a mixture of chondromin
M@%ﬁe%wﬁaaﬁc%gé RaaE g%ﬁf@ﬁ%%@rf%ewsmfw&mﬁﬁm
Bxhingleetylgalactosamine-4-O-sulfotransferase 2 (C4ST-2), and

chondroma@lm1@1&%}9@@%@@@5@@@:@%&%@%@%% Tgﬁ)( while the
ﬁ{?)\ly % %%p%ﬁYc t%&ﬁﬁ%mb"%%‘és] 5i& y)@ ﬁ\telo&m ev?el(g ?ifgcr;eas ended to

is a veh or ] hé mixture was
be suppressed 10 days after treatment in the C4ST-1 siRNA-treated group, C45T-2 siRNA-

treated group, and C48T-3 siRNA-treated group as compared io the control group. The weight

increase was significantly suppressed on day 18 in the C48T-2 siRNA-treated group and C4ST-3

siRNA-treated group (both groups; p<0.05). This result suggests that obesity associated with

type 2 diabetes can be suppressed by inhibiting the expression of C4ST-1, C48T-2, and C4ST-3.
The agents of the present invention are thus useful, for example, as agents for

suppressing body weight increase, or as agenis for suppressing obesity associated with type 2
diabetes.

[Example 22] Assessment of insulin resistance after treatment with C48T-1, C48T-2. and C487-
3 siRNAs in Streptozocin-induced C57BL/6JcL type 2 diabetes model mice

As an insulin-tolerance test, human crystalline insulin (0.75 U/kg) was administered into
peritoneal cavities the day before dissection, and 0, 15, and 60 minuies after administration, the

blood glucose levels were measured and evaluated using a blood glucose monitor, Glu-Test Ace
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15 administered into peritoneal cavities once a week, twice in total (for two
weeks). On Day 14 of this experiment, 100 | of 5 mg/ml BrdU (ZyMED
Laboratory Inc.) was administered into the tail vein, and one hour after
administration the mice were dissected shd the liver, pancreas, kidney,
testis, ovary, and muscle were isolated to obtain samples for
immunostaining and gene expression analysis. The body weight change
was monitored over time for 14 days of this 20 Example. The result is
EHOMIB WKPig:dR1ncTdoe) VERt téd@xisundichies thenbadydvesght 40), vehiledse minutes
Mﬂ%ﬁ@tﬁi aimipdicares taeimapitesing davs: Bid. 2L, 300Ms Hafihe %ﬁucose level
gl n%?\%s tended to 1sb§1§ %%%Sﬁ%dﬁ}gétj S after freatment in

1 SRR PRATRE Y B Es e Colepage e
SiRNA- ﬁ&%&%&@ﬁ%&ﬁ%%@@qm@msmﬁmcah@yw@mw@so and 15
increaseiwrassigaifioantlyos tppressesiFnoaydddh dha a8 T2 siRNA-treated group,
SR NAstreatpd arauR AL GAR Tt SIRNA Heaisd gronn %Hi&{%%%gmﬂy

<O 05) %g'hls result su ests that © SI'[ associate W|t etes

decrene 5?8%&5&%%5 B ReReprasSidhlor Ba4- %ﬁ%&ﬁﬁ% drith T2

A Eeﬂt?@ag@nﬂé%ﬂ% preRHt-irpsetioneure Thigsegske ful dortetahipielin
asiagenisdochsuppeessing hocivweighinereass: OGASAICHE fRleffectively

BHRBEI .00 gm%@é&%%?éxe% émazb%@éa%mp'e 22]

ASSGSS ent o n resistance after treatment wit 1 CAST-2.

and C4 S iR iR SHR RSFIR HEE H B PR/ BRIPl s 2eamibivelinproving
wrodialrasisenas iniyesuliistiikérance test, human crystalline insulin (0.75
U/kg) was administered into 35 peritoneal cavities the day before

Hﬁﬁﬁ?ﬁ% %ﬂe@s&éﬁ apg 996 Hzlsl fon ¢ £n% m['llglgglé%ltlo% theea zl’ggn with C48T-1

0 U 0se eveswere measure anhd evaluated using a biood g

HOHTEr S Past AR L 51N StEapierocingndiced CSIRT Al ..w_v“ g: smodel mice
level chedigésnasanmiored byt ibe wnan@twdmrdmmaﬁerf‘mm tlrefamnémng of each
argusnerdn gl fihe sespeabaxisindicates tharblondlucose levek was

wﬁ%@@ed"ﬁ'ﬁ%%ﬁ&}%‘é&’&}% axis indicates 0, 15, and 60 minutes after

insulin-tolerance test s ows that the blood gucose level was not

significarith?HBEReRuER FamBetBien ey B h¥atSismmtddychgran), 670 mM
s SRNzested pidudeO4SH-D SR tkbhteidigrayp] 0anahCAST-3

m&&@ﬁé@t@m GVRUAR @anﬁ@siﬁgﬁhﬁw%ﬁgl(gm%wgéﬂﬁ it ocf A]?MSO (Sigma
can a inu er, e

%ﬁ\&%‘ z!a%%gbef 5 §§ &P%rwaél&ﬁ ?ré}g?r%iggr@% % Pe?g 2r3§regﬁrse %(-{eneWcsrld
ARG e A A S A
divisssEntial) funtfionaf divdsderntdoes 2eciabeiedocande effedtivelyrtiQeacted
iMREoVed Py SUPREeSSINGRe SrerRssiPh 95 %&Ioh@%%&%ﬁ%@&’onds 56°C for 45
GAST3, The aoenial he presentinventon afe i u e

as agents for improving. Insulin resistance mype 2 i ggetes p[rl‘:)x%ﬁ ‘fgm combined

P addeddriatitaPye é&fﬁﬁ@ﬁsuéé%mwﬂ%gma@t@m@%@we Agarose
FAIOST, ind B CABHlR vanceB4STHIR SiRNAS: MSIEPIOTo ABMANGER) at 100 V for

SrhBkABSICh AP 2 lighstes model MiCehaken for 20-30 minutes in a stain solution
prepared by 10,000 times diluting Ethidium Bromide (Invitrogen) with 1x LoTE (composition: 3
mM Tris-HCl (pE 7.5) (Invitrogen), 0.2 mM EDTA (pH 7.5) (Sigma Aldrich Japan)). The gel
was photographed with EXILIM (CASIO) positioned on I-Scope WD (ADVANCE) and the
gene expression was confirmed.

Primers (Forward and Reverse) (GeneWorld) used are described in the following.
{Primer sequences]
*GAPDH
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cDNA was prepared by the same method as described in Example 1 from
50 mg of each organ (pancreas) isolated from Streptozocin-induced
female C57BL/6JcL mice. PCR was conducted in the following
composition. 2 | of PCR Buffer [composgipn: 166 mM (NH4)2S04 (Sigma
Aldrich Japan), 670 mM 20 Tris pH8.8 (Invitrogen), 67 mM MgC12.6H20
(Sigma Aldrich Japan), 100 mM 2- mercaptoethanol (WAKO)], 0.8 tl of 25
mM dNTP mix (Invitrogen), 0.6 | of DMSO (Sigma Aldrich Japan), 0.2 | of
Frimed:Forgerd (Gerelyodd)c A2k of F{QE@&@?&‘@V@@) (GeneWorld), 15.7

RO AR I ot PRRFTCRIISAS Ay T 1 Of Tad

p@ %ﬂéerase Perkin El mer an taine as descrlbed
R Ast; %ﬁﬁ lralsctatmedicy ilsRsseRsHermal Cycler

Feppuddoreeta8seyrcies ehOACRIABSECoHds, 56C for 45 seconds, and
K&@;ﬁ@rﬁQm@%@@gﬁqumm@gggbtained PCR products were

9@&%‘?‘?@0%&%% L QRGNS RS QH)V'”%%“% ai%?s[a aro%]e gel was

Erepare using UltraPure arose nvitrogen e samples were

Spﬁo?%géﬁ%?’%\cﬁﬂi?ﬁﬁﬁ‘gz%@@ﬂmé@) at 100 V for 20 minutes.
Afuerselétteeplstpesisatharigel WEEQHBKREN:fot 20-30 minutes in a stain

sghmrt@%m&mﬁeﬂm&%@%am%ﬂﬂuﬂ@gsﬁ@a{@ﬂmééw;'de
ﬁg}w&ggéan%twnh Ix.LOTE conjp Tris-HCI (pH
e % ;

Invitrogen drlch Japan)). The gel was

RGESEr p%@%ﬁ%@@?&?@‘(éA@ oﬁ%bl on I-Scope WD
(ADVARGH) antidive igBize28x[iiassibnewasseonfirhizt i Pussdersa(Faivisar Bontrol, was

Mﬁﬁﬁﬂ?ﬂ(@ﬂmmﬂwﬁﬁ @ﬁ?&f‘[' ngﬁg}g%iqym\-’éﬂ_r acmsamme 4- (-
e e
@rcmt? Dé\}rg:p@/}gaiactosamme—t% O-—sulfotransferase 3). Compared to the
@@mmmgrmpnaﬂmmmmmm s 31Qcsifiatrams ferdse )] dearsasdiine-4--
@rﬁﬁ%@%ﬁ%&gﬁoﬁﬁlﬁgﬁa@&ﬁﬁ§gﬁd@d\{ﬁ 98). ?c%ﬁﬁ%%%?osamme -4-O-sulfotransferase
R R RR 38 A farase ) SIRNA-
%-ﬁ%&g‘ alac samine- Fo’f giar ?%%8”5 Riargansterase 3) si
SE%%%%ewga%&Qﬁ%Eh&@hsn@@E@ IPNroety e Ref0egméne-4-O-sulfotransferase 1),
S4§Hatdigubaiacbayteted) (SR BNMNE 4 70 )G h{aRond@@iSN: (Chondroitin D-
f@ ﬁﬁ@ﬂ&é@gﬁw&zﬁ&aﬁ%@@ a{éﬁﬁo%ka%%&&wﬂamd by
l%agfﬁ&%[tg t S} %8& 4 -4-(3-
%dl?gg tagaagy gcﬁ[ act 6 K l7 }I}i’élgfﬂﬂg Bridirriveslgctommine
AP E5e5e fi‘fvl%ﬁT% (Ghendaeitingoditives vinirsioswminecormmibaranserase

b)/sFRCN—RGZRSmih@kmﬂfnﬁigmumﬁﬁ@ﬂk(@aﬁﬂﬁmsuifotransferase 3) siRNA.
D-N-acetylgalactosamine-4-O- sulfotransferase 1), C4ST2 (Chondroitin

-N-ace lactosami ulfotransferase 2), and
xample %?%ssessment (%eaccumu?atscn (?fn amv[md nre)cursor protein in pancreas after

treatment with C48T-1, C4ST-2. and C4ST-3 siRNAs in Streptozocin-induced C57BL/6JcL type
2 diabetes mode] mice

In this Example, the amyloid precursor protein (APP) deposition-suppressing effect of
CAST-1, CAST-2, and C45T-3 siRNAs was assessed using pancreatic tissue samples of type 2
diabetes model mice. The deposition of APP and amyloid fibers in islets including B cells has
long been known to be an important histopathological feature of type 2 diabetes. In recent years,
APP has been demonstrated to be involved in Alzheimer’s disease (Johnson KH ef a/. N Eng J
Med 321: 513, 1989; Rhodes CJ. Science 307: 380, 2005; Haan MN. Nat Clin Pract Neuro] 3:
159, 2006; Prentki M et al. J Clin Invest 116: 1802, 2006).

The prepared sections of tissue samples were stained with a goat anti-amyloid precursor
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15 C4ST3 (Chondroitin D-N-acetylgalactosamine-4-O-sulfotransferase 3).
Compared to the control group, expression was reduced in C4ST1
(Chondroitin D-N-acetylgalactosamine-4-O- sulfotransferase 1) siRNA-,
C4ST2 (Chondroitin D-N-acetylgalactogamine-4-O-sulfotransferase 2)
SiRNA-, C4ST3 (Chondroitin
D-N-acetylgalactosamine-4-O-sulfotransferase 3) siRNA- treated groups,
and C4ST1 (Chondroitin D-N-acetylgalactosamine-4-O-sulfotransferase
Arhtel0 LdHEE (Chisipeliatinb i ﬁﬁ&lﬂ%@ﬁ&é&ﬂa@&%ﬁ%ﬂﬁ@ﬁ@%@{ﬁ%@us

é%éprgsé@{f 2 (Gherdroli DFLE' ’ﬁc&%% grﬁ ol G‘x%a“ Oo?%o%%%afen%‘%% Shoup,

tratlon

ene nockdo s confirme
%ﬁé{%&ﬂ% &R &éﬁi@eﬁ%&sﬁ Eg BBNErolts APP dep031t10n is enhanced in the islets of
D2 sidikanectkd sainsin €t -BrosifitotremsienssetidisiRNA (B4ST@ppressed in the

(@hoodmriin-BeN-aceivloalastosaminand-Crstifotanpsferase 2) siRNA,
Ao Sihandaibn MeagegnRg geamnecr AU IOHARRISIAS Y or

SiRNA. 25| xam le 24] Assessment of accumu dtion of amvioide™
Sﬁ’lpé’EfFFé%%% ﬁ%eﬁgﬁﬁ?gﬁg%ﬂer treatment with C4ST-1, C4ST-2, and
C4ST-3 siRNAs in Streptozocin-induced C57BL/6JcL type 2 diabetes
1Pl Bse Hikihis XempRislathe syl eidsBre ey groteir SABR) c4sT2. and
g%ﬁ?ﬁ%ﬁ%ﬁ%ﬁénﬂg 1(.: tzggm-m SdTC%?'gL/%}; tg 3aST S ode mice

SIRNAS was_aSSessed UslI

DA
model MEePlegks H&ﬁ&é&?&ﬁ%?%pﬁraﬁ&aﬁﬁﬂ&arﬁ §9Hq%&§%mmswes by
Gelisthametord B deseiinaiim Esabmplari imbortanttihistepithologicit dé afifieefone

@Bﬁoa’di‘@b%i@&c&m I@%@ﬂﬁe%ﬁ&%ﬁ?ﬂﬁﬁ@@%ﬁﬁﬁlﬁ@%ﬂw E&gpﬁﬁe buffer. An
e r's disease (Johnso ,
B L S0 e B ok e e
RuBREY: @é@lié@%@é@tﬁﬂ@ﬁ%ﬁﬂ@f 50Ty EMmPrAVEEE 1679 Bog, Fbeshe secondary
Fitieqdseparechsectionsedfolis Sy edsam plps wwatesstabntd withrar gg@tmtivody (1:200
ﬁﬁﬂr@iﬁﬂﬂi@@é@ﬁ%%ﬁz@nﬂ@@ Qﬁﬁﬂ@%é&@%‘%%@a@ ﬁ\ﬁﬁﬁ?@ Biosciences).
gth eleJ.SS%rEILQS LF‘F m’%el\%a eraﬁses%ltﬁ r@res IOngéthe S%Je Th
ve1 - 94 8Rows histological imayes of tha not sC0.). The

EHRS! ‘@?&ﬁ?saﬁadé&éer lightmisrarsans dlgien b IrReyARPsHessinbpoity binding
wrthduoed inyvthieusietsgof abpevhdighetes model mice. The deposition was

demonstated:fosRa.cleatlysippigiagchindig R %ﬁcx%aﬂ&l\{ést%tﬁgnmcanﬂy
e O g s L SRR, crorouss

invVention are thus usetul, for examp e, as ageanS‘ for s%ﬁ%péﬂﬁ?l%fﬁgf P

?%@Ta@ﬁggﬁ W@}Q@’Pg %ibﬁé@gpﬂﬁﬁ@lg}a@@straws that the inhibition of C48T-

infllésfioastPpEdsSingetieetsiot 4STed €4 SihZn@adisd Clhdc SraizNG

§ afseﬁﬁg thapasosnaticat CRIBLIGI e 2 diahaias pode

mice oblocé O?{%(g tlrsegg% sectlons Weé%%ne%ﬁo e co ected

pancrea?{ HSSleS by the Same methdd S8 gEY é?f RERImpies P

?‘é@ﬁﬁ?ﬁé‘%@%@%@#ﬂ@ﬁtw&ﬁt&cetone (Wako Pure Chemical

Industries) for ten minutes, and then washed with phosphate buffer. An

AR 76 fianibady tataenocional.antitedy. LigiokBMALwas.added - jor |
833‘?3 pHg] 8£¥T 3 siRNAs in Streptozocin-induced C57BL/6JcL type 2 diabetes model mice

Cryoblocks and tissue sections were prepared from the collected pancreatic tissues by

the same method as described in Example 3. The resulting sections were fixed with acetons
(Wako Pure Chemical Industries) for ten minutes, and then washed with phosphate buffer. An
anti-F4/80 antibody (clone A3-1, rat monoclonal antibody, 2 ng/ml; CALTAG
LABORATORIES) was added as the primary antibody, and the sections were incubated at room

temperature for one hour. Then, the secondary antibody reaction was carried out by adding a
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15 antibody, and the sections were incubated at room temperature for one

hour. Then, the secondary antibody reaction was carried out by adding a
peroxidase-labeled anti-rat IgG antibody (1:200 dilution), and color
development was performed by adding3®AB substrate (Nichirei

Biosciences). Then, the nucleus was stained by Lillie-Mayer hematoxylin

(Muto Pure Chemicals Co.). The samples were observed under a light
microscope (Leica Microsystems). The antibody binding 20 was detected
feyovigaslizingelt asibeov aigitats; TIwoesul showdd shatddhelfibrehtasts performed

é}g@gﬁ@ emﬁé\fleﬂ Wﬁ%&'%‘ﬂ%@f&ﬁl’@%@&ﬁﬁ%ﬁ ﬂhﬁf@&ﬁg&i&mxm

A- and C4ST-3 siRNA-tre rou
e LS oo RS M O TAAT & T e i
Mikipstieiane Clls rntibady Sndneyies ddsed eriaualip ress rsbretusandhe
enhancid tisstieHibralihahihngadibRisuintesting the fillrehlastalveolar

LQQJEEQHQE v@i&%&%ﬁ@&iﬁl} H&ﬂ;ﬁl%@eﬁ%‘%%ﬂ%@t@% eals: TNRRACHI A NN, and

ntlon re thus useful, for example, as agents for. suppressing
S oma BRI ERE R FB YRR R rgal Pop i & nding
%mmréwsgbﬁiﬁbéﬁtmgeeﬁm%%%irﬁem R CHS TeR0 B4S TR ighidhition of the
ﬁéﬁ-ﬁ’&@iaﬁb&ﬁgﬂg o &Qﬁﬁzm&)ﬁ{ﬂ dueciad iCaTdBld ek typesdsdiabetashiasts, which
modal mics CHobipeksAnd iss g&@n%%lcymxxs PJ§ from the

coIIectengpancre gc tissues by the same meth o escrl ed in Example

3. The rESGRHG S &F&{%Sﬁ%ea"ﬁ%an\m%e%%l ws&e’w G CREc
Ivpiusirios fifomidiratimstemacmphesentoviishedowittrp BosplantetdeifernAn
anti-F4/80 antibody (clone A3-1, rat monoclonal antibody, 2 lig/ml;

G805 ARG ORES s 0ty S A

peromdﬁseﬂa@eﬂedmﬁm&@&gmm«&nﬁ(ﬁ)mmﬁamm@n additional
Wmﬁm&e@qme@:@m@d&% RABrsubstiate wmt@&ﬁ@ﬁ&m
g 191%81 %Y¥a§s§ angd 1!-5' lﬁn'\/'l%é{gﬁ%ﬁ‘s?ar@(?te(%%‘g 0 (M to Y and 18. The type

emlca e sam es were observe eral crosco

A Stemw&ﬁeﬂﬁ%ﬁaf%@&ﬁﬁ%H%/’B?ﬂ&ﬂﬂ&Wﬁ%@?@é‘ﬁe@f%‘ﬂ%&bl%ﬁ‘ﬁmmm
msifiroverysignsisl ¥ ThoresitstrdwedtthabtdenrRaenyph aye ifileation tbown in
the prlmonary alveolar interstitium was significantly suppressed in each

of the C(?’aii}- %ﬁ%%to(t: Sl1-1|;s%rz§1 é’rdbap |gcg§88§ra'$ %IRN@ﬁgeemlc effect after

groups as . com e contro

BeriBidtrings rﬂ%@‘s‘ﬁ‘ﬁﬁ?@éé’?&ﬁ%ﬁ pmdy rfsgéa@éwbﬁee%ﬂ fdspiteeharees in
getresapmbibition vhith eatisseefibvelycrohange $wiagupphessioaxpfdivon of
oditrationrof, masieptagesanddkiohlastsr which 10 are cell groups

responsitgle for the Ql%rsrlgstenqtl I%egtnhanc le&gg han The %% t%gg:ﬁ .
the present ﬁwentlon are thus use]fopf Yor &> examp e as age v

ST EEaHTgHHe ﬁ?fﬁmaﬁ%’ﬁ%#mae%ﬁeae%ﬂf@wmﬁéﬁwﬁveo|ar
interstitium. [Example 27] Assessment of insulin resistance after

§g’u§jiRNA treatment in. 15 Streptozocin-induced C57BL/63cL type

2 dlabeﬁgrgluggzﬁzlmng]ég%f kidney tissue are thought to be the endpoints of various kidney

diseases. (1) From a classical point of view, tubulointerstitial disease is understood as a
representative disease caused by renal fibrogenesis. This disease includes Sjogren’s syndrome,
transplant rejection (chronic allograft nephropathy, ete.), and graft-versus-host reaction (grafi-
versus-host disease, etc.), in addition to drug-induced, infective, radiation-induced, and heavy

metal-induced interstitial renal disorders. (2) Rena! fibrogenesis also includes renovascular

disease. Renovascular disease includes nephrosclerosis associated with hypertension. In recent
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The importance of sulfation at position 4 and 6 is demonstrated with an
additional Example. In this Example, the improvement of insulin

resistance by GalNAcST siRNA administration is assessed using the

same methods as described in Exampleg 11 and 18. The type 2 diabetes
model was prepared by the same method as described in Example 21,

and the insulin 20 resistance was tested by the same method as

described in Example 22. The result is shown in Fig. 27. GalNAcST
giam&adinmmsuaﬂmm&dmmdgar@@@dsmMB@mM@m&&&eﬁg@I&?ﬁmabohc

é%&%?n@%ﬁﬂﬁﬁe&ﬁ}l% ﬁz%%hﬁﬁ%ﬁé%ﬁgﬁg Hhe inslin .Eseasll*sslc o] e?arg et mLhe like

flbrg%c cézgges in 1slets of pancreatic tissues can be e y |mpro

suppr el sire Stk bpos asiRnan e T o Keralighrose &F?él‘ges can also
@aimmé%ﬁ pnﬁ@a@mmﬁam@q@mm iV esmoreayethus usediscdos. The
dixemplef, 35 ihIpeglyseimib AR50 A1 A8 S EBRITRBIQYIHRE R Mihous
ﬁ@ﬁﬁ%@&ﬁ? ﬂaﬁ%@ﬂ&ﬁ&ﬁf&&%ﬁ‘é@ [he en %n‘?llsgepng kgcoltllsfegr?antgfaéomemloscieroms

nts of various

are thought to be
@%ﬁ#ﬁ?ﬁé@%&ggﬁ%ﬁﬁaﬁ ﬁ?ﬁ&ﬂ?ﬁ%@ﬁﬁal%%se%@@%%@?%%aﬂm
HStemie prasenttivveaidive 48bansddopytre nasdired evigsisriiis diseanéd arthritis,
mw&w&wa&ﬁﬁﬁmgaﬁ%w@%rwﬁﬁw @Bf@!ﬁ:ﬁ!ﬁﬂra@) Fmaﬁy renal
Fﬁggéﬁ&%%b?ﬁ&gd%r\gtg@% Y%Eﬁ%{% nost £eesact'°” Al YRISHS Ot includin
five. réﬁm tion- & &

disease, etc.), in addition tO uce inauce

et W%%%CEE ﬁﬁ’éﬁ‘&&ff%’?@?éﬁ%ﬁ’ﬁrﬁémg@%rs (2) Renal
fibroge Resisthisbeiatiup e distrsvaicuiabaiséasbeRentvabailatadiseé aseonic

inaludesaepfinsgleiosigiasaneiateg: withhypParensie Qndra{ S Dased on the
X&%?uﬁi&%&lﬁ%ﬁ? IS |Udglslaflllbro ene%fr SS?%%%E erst tza tﬁtbrcftxc changes,

artenosclerosns an m ofic synd?o ore;in {ersti

katssens E%‘fsfanahiﬁ%}fgf‘aéfﬁl FBSL RIS ERRR SR E RO in Gamveatipnally, only

Yrrmsidabdisedsbnivitdcrrdanads forESRDfadlteuEhts, penrilifibrofidowing down

m@fwgsmm@ialg hb@b@lay%lgg{%@é%}fr%ﬁg%}%ﬂ%%%q AERARM0n the
erular adis e 1ISe SO 1p]e

%%b%%ﬁ%ﬁt R e i,

PGBkt Fn S AESPRIBRORTE afﬁ%e& (REHEARFitlS, ewies Riche progression
pregeaeri akgldrgenl losdiiosisr{EGES)urihendiSpasesiohpt) iselimte preatest
diahetie asphrapathy t%&%ﬁ@gﬁ%@&@ow{% tﬁé{eﬁﬁ ﬁ'rjéfplﬂﬁ’sease It has
§,£é/ ﬂ} }5“‘%8%'% Selr‘eE %%B ntﬁp So%%gted ngg%ng IC rhe épgwé tg? number

thritrs, amy ol fropa

%f PRjsatiEl J(SWWW IPéW&Fw ﬁ‘E?ré&é‘ﬁé%i@ @Iéﬁ%élh&é@ﬁﬁi@bﬂﬁléﬂ addition, a
kigneyattisedseseal sedvby bijtanykolfstsubtitomincludingstinadisdiiiasiSore

HEBOrS; agagfmwgg@em@ﬁq&mfm&@@& %@&g@ixt &@&95%&9@ ireatment of
g aiggs Ilst %b%Vﬁ en c (ftl nam nic

isease (CRD)"as a Chfica cgﬁ%%p X’i%n&% ?f%ﬁ%ﬁﬂaérm%&mn?’g 635,
%&Heé‘%ﬁ%% éeéeé‘%ém#éné%ﬁéw&nﬁn@xggrﬂawany PYdesabes 351: 1285,
WeduGhrinter stitedfidrotie khvangds; 18)eadngéncthraricrepalfaibere santh00s;

themend:slageienakdisaassAERRR): Genysntanalks, only
in the next Examples, the inhibition of sugar chain-related genes that modify the sulfate

group at position 4 or 6 was assessed for the effect on histological fibrotic changes in the renal

interstitium.

[Example 28] Assessment of anti-fibrogenic effect of C4ST-1 siRNA in a mouse diabetic
nephropathy model

A type 2 diabetes model was prepared by the same method as described in Example 28.
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dialysis has been a definitive treatment for ESRD. Although the possibility

of slowing down progression to ESRD has been suggested by using an
antihypertensive agent that act on the angiotensin system, therapeutic
methods that target renal fibrogenesis itsglf have not been established.

There is a desperate need for new CKD treatment. In terms of the

progression 20 process of pathological conditions, treatment targeting

fibrotic changes is of the greatest significance as a common therapeutic
szateigyalaya Heg o HIedDaaf HIIMBA Jdisease.) hhas-heemenered o deliver.

hatihars areg90 MmilionGKRPRSH %%'%dﬁ%s%'&&f‘%%f&cg mwé%o prepare a

F}qurénber of patlents WI|| continue to increase in t ture due

FRepHE T JBettibnl Y MiFgREEfP R sk edctied e RigH pERTZ (10
Gfgﬁeaﬂhlﬁ@hmas dardicvdmeulBrdisodagrdiéfore @8 reloshimngdialybismidudogether

cansideringieik Drasmceliseagedoline 2dshaentiyastivediaatmentQbid. Afer
%mg%%rﬂg&@m@%L&gg%emg&m d'r%%é om0 R{f'fytﬁfgggggzé\@m (CLEA

Hypertension 1: Weiner D
FRER ek RIS WP B %W@ad@saekﬁgg oémdmgmm{ &atyigalaptosamine-4-

Chinnlfavestiares: DESIDODGIRBALTickhidvalidBivia B3Rbihd@6i2A0B: Ktlnmijdagen

&etkal. CK)dWﬁMﬁﬁi%r@%&@%xdﬁlemlgb Kﬂﬁ@%‘&%ﬁ%ﬁ Hﬁ}gﬁﬁer{% administered
o) r chain-re enes

E Blgﬁeaﬁhc%dﬂl&bé%%‘a \tvge ong sho Wee%)t%q %tc wo efgﬁ%g glday 14

group at position 4 or 6 was asses

ﬂB?Bﬁé’iﬁ*?HHﬁ&% s arat Jivasritiond %@i&hﬁwmfﬁ%@%ﬁ@ Rb@n samples for
anifitstgenic &fftectpfre4BT.-odiRNTAt noal reus erdisdnditice85tance are described in

Egmf)qm@th\mnggﬂﬁ type 2 diabetes model was prepared by the same
method?js descrl n Ex mﬁne 2§ 58 Gestati ona aqy
A Ne,

e e e R e et oas o Pure
Sheps: Sdeikitsfor Sighaiweaad, r’r’@?élﬁ’é‘a‘%hwas}ﬁlzhﬁtﬁémﬁ%al An anti-ER-TR7
SHPBdy 6d¢ nmisdotaprafiacky,d |k Bdaap gl ab&t&ﬁsm@qﬁim'ﬁheamiﬁ@iy, and the
%@ﬁ%ﬁ&b&gﬁﬁ@&%&bﬁﬁﬂﬁ@ﬁiﬁ%@r&@ fploRd go%otﬂ-{ék?/ mab st&r@r% Hnesiiy
WQ0.days u al O S| was I 0 ICG

With T %ﬁa?nco e(%u%:b n%{%6e idre 1at ?e\l/%/elt? aetﬁeor%%éfr tg% W?é)f/g glrg%%f}}mm)
MG&@V%&%@W&@%@W@WW@&W@@@ Rifsqigitsiss). Then,
vhereifedsvith saktightl d IDeaYiE@tmhAm damalinl (e P @ weaeksls IDREThe samples

sreoBskwedkntd Of fmméf@slg PeiNeesivlaalagiaramin
g) sulf ansferase I1 % ST-1) E?RI{lAl(GeneWorld) v%as c%ﬁ%?r?g%%?dﬁng e

%% ate ovcl(s) alZienr% g)n \}VhICh is a vehicle for siRNA, and 200 |

of the r&ﬁﬁﬁ%@iﬁﬁ%@fﬂ?é Watshadnaitatiereaf fibritespieildridk-peasitiescoligdan the renal
aoneekn(onedshothwelebs inteedSDtatifidiswenaeks)p Qaayatdl of thisn the

eXREsirmen) ﬁ&hg nicensiadissegiadand Weinkieneys HRiE @&!&f@&f@
obtajn.sam rip m“&%ﬁfﬂ”' Gene e>g>§5§ rb Pgwelg and.

e?fun cton I resistance are d ?fﬁ@a 104 mséf’é b e %W&habﬁ%md with ten
W@%F@B’&r@ﬁ%@&%‘?@éfi%éﬁéﬁﬁm Harmpies ivetietfineeP(iidagedshe number of
positke PetevelscGhenionl dodusisiEs)tfortehaninitaSransatpnivasheN A -treated
withohasnbale Bulies A AR RR R bsitivity ratio was significantly reduced in the

C4ST-1 siRNA-ireated group as compared to the control group (p<0.001).

[Example 29] Assessment of C4S7-1 siRNA for its effect on macrophage infiltration in a mouée
diabetic nephropathy model

The prepared sections of kidney tissue samples were fixed with acetone (Wako Pure
Chemical Industries) for ten minutes, and then washed with phosphate buffer. An anti-ER-TR7
antibody (rat monoclonal antibedy, 1 pg/mi; BMA) was added as the primary antibody, and the
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antibody (rat monoclonal antibody, | g/ml; BMA) was added as the primary
antibody, and the sections were incubated at room temperature for one

hour. Then, the secondary antibody reaction was carried out by adding a
peroxidase-labeled anti-rat IgG antibodyq1:200 dilution), and color
development was performed by adding DAB substrate (Nichirei

Biosciences). Then, 20 the nucleus was stained by Lillie-Mayer

hematoxylin (Mato Pure Chemicals Co.). The samples were observed
sendersatghihmicnes copetl riapMicrosysigms)urT Maantikedy-hinding:vas,
Qetasied.byyiskialigi aaaﬁgbggwmg&aﬁbemeaﬁ%s% M{%ﬁ!@ﬁﬁ% difution),

infjltrat of fibroblasts itive cells) in the repal, corfex and

A ARG P ER ST T RAT Ao GOt SO LM PR . oo
fhethicloss crstripdbip L(itig-Meyateoagndinfdges’ are Gheoalaty. Gthle The samples
i TRérpasitiverealishvareo copatediie kaotifydhe)fimeoemesis Minding was
@f@%@t%\ﬁﬁﬂ 5e E%?Br?f@rﬁ‘ﬂﬁé%as observed with ten microscopic

optical fields under a microscope at a magnification of 400 fold, and the

numbert BF "FEKIGUREEIFELTE SRS e RSP e Beiianstives colitdn the renal

epreTrah I ETWRSSHIRNA the ST GFEIpA Tieetrd sutushoweubthet théat in the

&E&Efﬁ?@@@ﬂ@j%@lﬁ@o\ﬂgﬁﬁigﬂiﬁgﬁﬂgy& esteep dkintearde G Tswhe lesions were
eH% sqmm&ﬁeﬁ%@@e@z;%e%@x&% [0} rouD (RFOO0LL4 that the

Example 29| Assessment of C4ST-1 sIR éor its %%%ct on macrophage

PR Wﬁtmg%wd%@ﬁ&*ﬁaworﬁ&m H@%é@ﬁ%&g@eﬁgw as
ofpdragyiditereahplam irefeOited with acetone (Wako Pure 35

Chemical Industries) for ten minutes, and then washed with phosphate
Mgﬁgplé‘%j%s RmER b @240y 8 Antbadys,tdml;

as the primary antibody, a

one hour. Then, the secondary antibody reaction
was cafisdetiviycadding dseroxiddsevabdiaddantiratetgts GksiooRlye Chemical

(ﬂdagﬁe@ﬂﬁﬁqgﬁ ,mﬁfﬁgeﬂ?ﬂﬁﬁ Q@é@@@mﬂﬁﬂoﬁfﬁﬁt@%ﬁfﬁémgﬁ Qﬁftt@ﬁ{gﬁ 39 DB muscle
iosciences). Then staine

iLﬁ aﬁaye Lce%rﬁ%t‘oxy?meﬁﬂu?o SR fne eﬁ%&algb@%}&?@ Eipié %gw&%nmary
at‘l?é’ﬁf*f?%i*’b%%ﬁé th &iem mws@%i?ﬂgymrh%nﬂer@d@e secondary

mndmlg wa&oaefe@temw aisustiziigtitfas bfowsa Sigindls (Whgiresuttd color

§Mb§ﬂ1@ﬁﬁb§|§%dﬁﬂiﬁﬁﬁ% Qfdﬁ@%@@%%(%@&rﬁ&%@é@@ﬁé@ inthag the nucleus

(R0l Galiex AL EIUIR WAS Jass i F A o CHE AR 28

compared 1 that in e Ccontrorg e orlglna |mages ‘r”i

ebiemye %&%6‘?&%@%@%@1@% W@f%%}qd%‘ﬁt sy fied ws detected by
methoiha st deserbedgmExample 29. The result showed that the

mgcl\lr/ip:ﬁﬁgtﬁm%wyd@ﬁ@d@@%@aﬁi@@@éh{s &f%?%qﬂr}&@ fofdRhibr and interstitial

S reated.group a ntro u

L S e
ity 0nibrigagingl ar&’@é%.%@mléaam%%quwé s8ptioasebikidaeier

tidsudastarptesoneidfixedvitmacstene (MY akdtRite E DeRTidadene expression

suppress activation of fibroblasts infiltrating in the tissue,

The agents of the present invention are thus useful, for example, as fibroblast activation
inhibitors.

[Example 31] Assessment of GalNAc4S-6ST siRNA for tissue fibrogenic alteration in a mouse
diabetic nephropathy model

The diabetic nephropathy mode! was prepared by the same method as described in
Example 28 to assess the effect of GalNAc4S-658T siRNA. In this Example, the follow-up
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Industries) for ten minutes, and washed with phosphate buffer. An
anti-human smooth muscle actin antibody (aSMA: mouse monoclonal
antibody, 1:100; DACO) was added as the primary antibody, and the
sections were incubated at room tempegature for one hour. Then, the
secondary 20 antibody reaction was carried out using Histofine Mouse

Stain kit (Nichirei), and color development was performed by adding DAB
substrate (Michirei Biosciences). Then, the nucleus was stained by
bitliaiMayenhematakinoiMutoRise Gharigals Con sI&\&x&%mp@eﬁW@ 6ST

qRsexved pndera. light micr %{éﬂ%k@?'%’% igERsysiems %T;@% 2bod 2 eritoneal

binding was detected by visu it as brown signals.

EROWE TRt AReage BOUM & e R ARTe F4A AL OhTeRa P &id Eﬁfé‘@m%tﬁ asa
gre@e] e resignifivaNepatdu sedrigichasgAS ek siR NAcke Aty oup @slly

compRleddts the sostrol n@v@y g =36 H0R-0Hi0INRI RGeS A QiR CRIMted at the
gg%%&%\é@fs C%J bmo %ngiégéss% JOfcgkbm(?'ast activation, T%;,'S SSULs the gene

monstrates t atin ene e ressfon supp
%W%%l%#ﬁd?&ﬁfﬁﬁ%ﬂ?ﬁiﬂ%ﬁaw %é?%eﬁh@fégéﬁfsgﬁpﬁ#@ﬁmd as
prestnt imertigmedrelthhs bseful] £oroB¥anaplescd sfibr dlttastiactivatiolhe sequence
mi@gtp@g;ﬁmrgm@M] Assessment of GalNAc4S-6ST siRNA for tissue
gl;}%gg@éﬁue n a mouse tal%etlc nephropathy model 35 The
tic ropat fawas red by the same method as

28 to assess the effect of GalNAc4S-6ST siRNA.
ﬁvaﬁéW@Aﬁ@mmaﬁﬁﬁT%m’i NsHGrWES catlied out over a
m@ewrM%JmeﬁeiéﬁtNAC@@%{ NSRNAS was the

Same as %h;%};’{’; i858 gvav’rrﬂ 311- 8& i?LL\I A§ S %gg%r‘}}%g S é%]gné{;lg%ggme) In

perltonea cavities once a elght week$And once
RS teth: 5§’@f%%§wff§ﬁ%ﬁ‘?ﬁ%ﬁ§5ﬁnwwﬂaﬁuws enhanced.
ahg k;hansﬂtrdilwa@éMNH@&&ETARBDAW@&&&HW&@E&H@M&B%@ thélogRession of

%@M@@@eﬁ@ﬁﬁ%ﬁ&%@yiﬁt Kidngy meédwg@m{e&a@mm TGFB,

1g)f teﬂb\{n\éemeS S t ersngH mm%%%ry toc@em&% a?ng ene ex reSS| th ¢ ARB
ests b assess the gene expr LIS N the RiGeyARss ey ato :

F@@Wﬁ%%?@&%@@b%ﬁ&%ﬁrﬁ@%%ﬁ@%@mi@émﬁ E)hﬁ)th[ﬁ@\lpsmd there
this EexagniflearBGBRras bsedcastamintetis mmﬁth@aﬁew@@cc@fm
%@%dén%M@@ﬁé@ﬁ(@;%ﬁ%mﬁﬁ%&ﬂﬁﬂﬁ@&& %@&&ﬁﬁﬁ&%ﬁ\{ﬁ BCRkp.
ous 3 B4 Q;]Tal@f&g’s'u é:orwar(gi:L a? TTCCA %PgTTGGGCATCA -3'
fg] G'78) Reverde BERT NBLE AT iglney tissues
@ wpmeﬁseriéwﬁiéh@@a It cxmEsARI O A i a BIAS SPSA s 6 Seigesult also
dibreviatestas Gl An4bisHigure) Alshdixtherlishaticsneplicpriyeeag of
%&%ﬁ%ﬁ%ﬂﬁ@k@%ﬁf@?&éﬁk’\?ney tissues is enhanced. The

administration of NAc4S-6ST siRNA significantly suppressed not only

the expression of
[Example 32] Assessment of GalNA¢4S-6ST siRNA for fibroblast infiltration in a mouse

diabetic nephropathy model

The degree of {ibroblast infiltration into kidney tissues was quantitatively evaluated by
conducting an immunchistochemical study using the same method as described in Example 28.
The result is shown in Fig. 32. Fibroblast infiltration fo kidney tissues was significantly
suppressed by GalNAc4S-65T siRNA administration. A quantitative evaluation over the entire
interstitium did not show any significant difference between GalNAc48-68T siRNA
administration and ARB treatment. Meanwhile, when the evaluation was restricted to fibroblasts
infiltrating in juxtaglomerlar areas, a significant suppressing effect was observed in the
(GalNAc4S-65T siRNA-administered group, as shown in the ﬁg@rs.
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GalNAc4S-6ST gene in kidney tissues but also the enhanced expression
of aSMA and TGF[3, which are fibrosis markers. The therapeutic effect
was evaluated by comparing with that of ARB, and the result showed that
the TGF(3-suppressing effect was obsegyed in both groups and there 20
was no significant difference between the two while the
aSMA-suppressing effect was significant in the GaINAc4S-6ST
siRNA-administered group as compared to the ARB- administered group.

This regulf @&M&&wmlmﬂs@mﬁmgsmh@p%ﬁﬂ%@@ figgues

Qses t A0k |b|t|Q the.e ession of GalNAc4S-6ST gene.
sq%%rrele#th demonstrates tha a(glgﬁi'%\l%\clllgl -6ST siRNA showed a

markedly superlor eﬁect in terms of 25 fibroblast activation (enhancement
Oha8SMA} 3| BeseranienB i BabessiRetTol GMNACASGETrsiRMAfon in a mouse
aﬁkgr)@mq%mﬂgggg{pﬁdggp mouse diabetic nephropathy model The degree

of flbrogk%sctllnfl | Qfo klr%:] Ilssur?0 uantltatlvela/ evaluaﬁedb

30 conductin E<%1"3n0|mmuno eica eyué?ﬁue &S AR YR P auated by
RRSEFRr T R st o eYiFd %@@mm&gﬁw m@h@aﬂw@m@@n Example 29.
il teatilo s thdoidnie P iis S0 e Maasphigrnificintyios ppladsedtisyues was significantly

ﬁgg%&s&tﬁyﬁ.’m%%%@? QEL&HI%IE&H@& %ﬁﬁﬂ?ﬁ?&%%ﬁ%ﬂ%&% e
enur nierstitl 1Id NOL.S nimcant ai

B R B A B B R e i
ROFERTE v ANTARR Wtrh&f@a‘i@% robtadhs ssivinntieg tesiricted to

juxtagloysin@iraieas psighthcani:suppiessing kifectivasehsevad Whs observed
mw%u\iﬁe@a@%wmméyﬁ% aglgﬂmﬁélﬁ*m@gm the figure. 61

The ag(i.gts oftt int esentl ventlon aret us us&}u for example, as

agents 10f SBPPrasSIg ToroBIASE IRt ORSIHIS e (3] FiEre ﬁ’lﬁﬁ?gems for
TEBRIPSTING EB‘P%Q@%%%W@H’F‘%WGQWNM@J@WRNA in macrophage
infiltration in a mouse 5 diabetic nephropathy model The degree of

{@s&l@@éﬁmmg@ygﬂem KROS5 34E S WABAH UM ms%gs%ﬁl%tﬁ«wm

oq{ductln% an (l)mm % C m| al s _o_ using the same metnod a
X S-stiown in Fig. 33. Macrophage

mfntrau&pﬁr&?i kﬁ@ﬁé@pﬁs@u&%@@mfmmyampm@gé@@ dpperibed in Examples 32

5dDACEEE5 Inddminis et aN. sl guanitttiers (BRIatoN evesthemrntingd9

' c ' f ur. Secon
i e e R o

B AT 0S8 PBLTAAHUED® RO B FEE TSR £ iibods (1200
flibatagyio st ordr Aevalormeny isicesfasmeg resaiidip e fiedd wibstuits EM@dreirBiosciences).
herGhnd MARLS 168 Fsii by adminNsierergravp as Shey e thefigeco.). The
;Fatmg%%ﬁ 9&%}@@@@&@95 MR ORI INHS; S IOLEXRMRNE, 8w o4y binding

ents for 1211 ressl r% gmcropha e infiltration to rena interstitium.
t‘g%élﬁ]ifﬁbe% 5%8 FEANREES-6ST siRNA in alomerular
basemérrerieransre celiegeaniivgalized mobrsed gelicsnepmdipa iy meodetvas
measured to quantify the accumulation of type I'V collagen. 15 to 20 glomeruli were assessed for
each sample. The thickness of the thickest portion around a glomerulus was measured on a

display monitor using vernier calipers. The result showed that glomerular basement membrane
(GBM) thickening was significantly suppressed in the GalNAc4S-68T siRNA-administered
group as compared o the control group (Fig. 34). The thickening tended to be suppressed more
markedly in the GalNAc4S-6ST siRNA-administered group as compared to ARB.

The agents of the present invention are thus useful, for example, as agents for
suppressing glomerular basement membrane thickening.
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Type IV collagen was immunostained by the same method as described in
Examples 32 20 and 33. A rabbit anti-mouse type IV collagen antiserum
(LSL) was added as the primary antibody, and the sections were

incubated at room temperature for one Bour. Then, the secondary

antibody reaction was carried out by adding a peroxidase-labeled

anti-rabbit IgG antibody (1:200 dilution), and color development was
performed by adding DAB substrate (Nichirei Biosciences). Then, the
fiselepis 9/ s\stainachbyficilisrtayesematexind MiteRure faRemicalSmouse

Edid i ke samRlegavere observed under a light microscope (Leica
Microsystems%l%rle ntibod blndln was detected by visualjzing it as

brown SigRAIE fCRTFE: §p8ft88ﬁ GRS Ze Hhaeehpet B jfheids nephropathy.
ks diramng o b aeriitonsin prdweyiedidnejutistify the aseevriiatiprmiitipePCR.
TWeonliageton BB d@gﬂﬁe@%ﬁxﬂhﬂd&ﬁ@@%ﬁﬁ%&ﬁﬂﬁ@&n@?&&ﬁﬁ@{@@ﬁr ia%nhanced in

Hloess b is ekeskRYIOH AQUBH 9.919 Was measured on

refbaﬁé%??‘g monlt usjng vernier_calipers. Th resu%[ [ OWedﬁﬁf’% T responszb?e for the

P BSEL AN HERBIAn&™] )%F&?@Fﬁ??g“&/%fé%gi&ﬁ%%ﬁwﬂd ACE was
@Eﬁﬁﬁ@b@é@ﬁ e caRIcH R S TR Nkra gninis tEiec 5gr Al @sult demonstrates
tentpiked40-81T TR kLGP TG ﬁ%&b&ﬁ@'gﬁf@'gﬁﬁf’%@%@@ﬁ pathway

C Si admipis
o e e s R B s o7
gf?(?ful for example, as agents for 35 suppressing glomerular basement
membrihe atsicleari g PE2efEamnple 356] thesessmeit of Galb| AcdSH:STr

sifthAsingthe angietensh PatbieRyiye House Qi@@%‘iﬁﬁ‘ @m&ﬁﬁ‘é%yme inhibitor.

model Angiotensin Il has been reported to be involved in fibrogenesis in
ﬁlabetlc nefhropathy In this Examle the anglotensm pathway in kidney

ssoaeh of ralNAed S:05T BiR WEUBEEasigias qoncentration in a
' namtEnsin convertlng enzyme (ACE) is enhanced
ln thls s&aﬁek(&ﬁzﬁéls IB@@@B@H{&%@%@&%@@ %%%é&%?%ﬁ&?ﬁﬁ&%ﬁ %The
sible for the re ncement.of.a nsin Il, The effect
% suggée%%%%%%g%teﬁ%ﬁo oA A ACERRAEG eé%%en foruring the process from

KA B RREE RO R HENSFd HFORiSTET s i pesianal nephrons are
deariyristretiena thanGadd A 4876 SlicsiRiAratsapatdiredsvan s kiprarein Protecting

@?ﬁ%ﬁ&zﬂﬁ%ﬂi@?@?&ﬁ%ﬂﬁ@%@é{ &x@ryagetygwfﬁ%%%ﬁ REEMQJ%'&%%
ntitrati vato SU ressi a ne
Rk Q%g& o SRR &P ngncr e ley %ste ggr%éleq@%arﬂy at the

agents of the present |n\fent|on are thus usetut, for 6xa

%r&?ﬁ%%ﬁ@@kb&%@%%ﬁ%{ﬁ%?&féﬁ&%@%ﬁ@f pIOZIPSERdioEeAGIn The clevation
conwertingaenmypmes nipbitoscd 15 (e Xanple S65 3B sadsmemhdfistered group as

@%&@4&1@&%&8%{35 'ﬁﬁgu %Fr?ﬁﬁr}@ﬁlﬁé’@“g@&gﬂﬁ? ﬂd{‘bﬂid?{'gfﬁ% galNAc4S~
eti 1%% ropath I[QS um cgga inine.is %nost c%rgu\rgon y US

gﬁ?ﬂb mar Rihction . The “&F0 M LPandE 8??%?%13‘8??’?@5565 the

SRYGHAEPY i?é% ﬁ‘i‘?b%%%l lrémglerdﬁéﬂawmmqﬁe prestiess Trom stibwtion of the

febhiropatiil toeESREHowerehdhdfasbeanl rveatad tiatfunctional
nephronseents of the present invention are thus useful, for example, as agents for

suppressing the deterioration of renal function, or as a renal protective agent.

[Example 37] Assessment of anti-fibrogenic effect of GalNAcST siRNA in a mouse diabetic
nephropathy model

The importance of sulfation at position 4 and 6 is shown with an additional Example.
The effect of GalNAcST siRNA administration on fibrotic changes in the renal interstitium was
assessed by the same method as described in Example 11, The schedule of GalNAcST siRNA
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20 already functionally impaired by 50% when the serum creatinine level
is elevated. Protecting renal function before the creatinine level increases
is a clinically important challenge. In this model as well, elevation of serum
creatinine level was observed eventuallyzat the age of 18 weeks when
histological fibrogenesis had already progressed (Fig. 36). The elevation
of serum creatinine was suppressed in the GaINAc4S-6ST
siRNA-administered group as 25 compared to the control group (Fig. 36).

dchisniestiibsughe simthatdabittition okthe aENA@thmﬁ@FE BEREwRIMtEeNout using
ey assiangfibLatic hanass akianal issHnRnd teteh Y HRRICRSg ?hﬁas used

eIevatl gf serum reatlnlne l.e., the deteriofation of ren

ﬁod?rt‘ﬁle CHIRNERE %@‘F‘ﬁgﬁé TOHEELY very beneficial renal
@%&W@@E@W aggapnecal the present invention are thus useful, for
exampeaan apgats Hs) 30 suppressing the deterioration of renal function,

I N Fd) ﬂg%: t fibrogenic
%ﬁ?ﬁ)f%r@g?g}? |RNA£"@1E:&1f E?C%Jse |§ﬁl(§\§s rﬁhrggﬁﬁya@odel The

‘bé??aﬂc lﬁ‘l%@ At podition % 5Rd 6 FESFbWH ith an additional
Examples sB57THe Bffedl.ohGaAsSTos Rilbiad Riiristrafitic ¢5ilfibroticGalN Ac4 S-

chargesniHaedranaliriestibm waalaaéﬁgﬁég&&wﬁt}erme met.h@@e%%n of all the
Q&ég%ql Iﬁw %ﬁb}eszmje Q%%HJ% g W%;% uantltatlve PCR

administration is tHe same as descri

was carried out using kldney tlssues by the same method as described
Examipie3 8] Ahsetisinerioliny phkidrsmeprasetin Tt St ERRSA ST sIRNA
m%mmsaleh@@@wmsﬁbwn below [Quantltatwe PCT primer

seque Use 6_actin Qr

5 CA'IYE%? TSy ety ﬁ“gg%ﬁ %3%% Ritehgs TR psnsgls markers
A@é@h@@e@ﬁd@m&l@e@m@rﬁﬁﬁdﬁm&@w Y47,

ﬂdmmmmm@amwm@ﬂm c@atNaosS TER;. A8 CladNiedSd 6STFansdmm of

@@W@ﬂs@s@ﬂﬁﬁhﬂ%rﬁ%%@ﬁ@é@ﬂ@@&@mmmamﬂﬂ%ke%h%roup This result

8%95%?1%9@@ QJ %ﬁ%mé 1@9&% Eﬁs 9?.#“ &a Wﬁwpr%sée&g&s 65T expression

minjstering Gal séedl
%ﬁltﬁ%@@ﬁ%%%@ﬁ‘esh&%t@é% @g@?f‘élﬁ el RIRtesHoR R ther avith the result
ridirspliabetic: fev hnena i vaodetlEle ednanted expressigam i enes
d&afob3iaBskal @fy mhm}@;ﬁt' Reengsis markers 15 for kidney tissue

flbrogerﬁgls was s nlflcan dgfresse%guln th%lP?INAcST SiRNA-

administered group a%pcr%sr%npa%e SRS CoRtSr St (g sy FRaypertensive

&ffiéhced expression of ACE was also significantly suppressed in the
GalNAcST siRNA-administered group. This result demonstrates that

@ik@ﬂﬁ%"ﬁ%@f SalNAMASIr&s QQQWSSTR&@M GRLNACASHBI 2 mouse drug-
Xpression Elsiults in. suppression of kidney tissue fibrogenesis and renal

pm%amr%ggﬁ%mﬁh—%vresult 20 of Example 35, the fact that ACE

was matRidiyFealscatPEysIhp Bresth Gy 6f treSgeHRNA on a typical drog-induced

interstitial nephritis. First, the mouse model is prepared as described below. Adriamycin (15

mg/kg; Kyowa Hakko) was administered to the peritoneal cavities of C57BL6/J mice (male,

eight weeks old, CLEA Japan Inc.). The mice were reared for one week after administration, and

then kidney tissues were collected from them. As a control group, mice of the same lineage and
age were also purchased and reared in the same period, but Adriamycin was not given to them.
GalNac 45-6ST siRNA was administered by the same method as described in Example
1: 1 pg of GalNac 45-65T siRNA (Hokkaido System Science Co.) was combined with 200 ul of
1% atelocollagen (Koken Co.}, which is a vehicle, and the resulting mixture was administered

intraperitoneally to each mouse 24 hours before Adriamycin administration. The expression of
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demonstrates that they have a hypotensive effect. The agents of the
present invention are thus useful, for example, as antihypertensive

agents. 25 [Example 39] Assessment of GalNAc4S-6ST siRNA for gene
expression in a mouse drums induced frterstitial nephritis model This
Example assesses the effect of GaINAc4S-6ST siRNA on a typical
drug-induced interstitial nephritis. First, the mouse model is prepared as
described below. Adriamycin (15 mg/kg; Kyowa Hakko) was administered
{oiNecpeiitinealsoavities of 1€ 5idBEGEIsneica: (healei 30 @ighindeeksmdektitial nephritis
&&&Pﬁé@%&ﬁlm&smlﬂgaeqp&ger@ye@ﬁeegﬁ\fe@@&l\%@hgﬂﬁ&my suppressed by
2 rhrll%l eﬁ%“%@]ﬁ”ggt kig@gy tissues were collected from them.

control group, mice o he'same lineage and age were also purchased

and reared in the same period, but Adriamycin was not given to them.
Galinat 488 SEssiRMNAWESNEMAETE RN theesamemmeithod asouse drug-

sasesibad 0 fxamala;dmddg of GalNac 4S-6ST siRNA (Hokkaido System
Scienc ﬁ}.‘ )é/vas omblned WIIh 2000fl of Igcoﬂl% atelocollag

Co.), which 15 a venicie, and Hg nistGRSWaE S ﬂe% épé’ ¢ same method
HifssEhtRENwleath fhfébﬁé‘é% r%wreﬂﬂa@}%egﬂumwem (LSL) was added as the
pudhiryi strditialy, ahidebexprassionof itdul@ad MacdS-Ghfeistalsdoenhaneed Then, the
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crib Is Exam Thee es on was signific
e b 1% S g A

%ﬁ@rﬁéﬁﬁ@f@-ﬁl Nilacey S STFIURER Siigensesdbiesdmie healmwé;@ (Muto Pure
Gmguauidme)d niesstifidsneghitsematial der thig xairpieopaYNHBOBMANINGems).

oh RGOS 'ﬂﬁ\gﬁﬁgb §&1&£Ek%§ whyaﬁzﬁ@m?mwggn% described in
Examplﬁ 4 tra %}tanu ){@)eé lla en antiserum (L %ﬁwas add%d q
as the phimary aht 8‘61y, &ctitn e%’é}‘té%g BAted it FeEnyas observed over

Ternskyaaivsrerbmeri il mﬁwntwé aEelaadaryiktibe dypasittionanmerkedly

sapiechalin hy audling 48 Belxiddsedatisledipn e bkikllge: apkibadYibrotic changes
I

R T L

%ﬁ ayer tgﬁéf%%ﬁ%?%to Pure Chemicals Co.). The samples were

observ%mhaﬂ@ﬁmmw%m%m&m isrolysteramiihesagintdyr

hlpﬂifﬁgiﬂg&ﬂadﬁtﬁ@ﬁe@gbymﬁmﬁimdkﬁs brown signals. 15 The result is
shown in Fig. 40. lefuse deposition of type | collagen was observed over

itial areas in the control group, whllethe _
2 RrOsiy sthect eedisialAcinsenal fibrosi ; el mice

finatidithanges in kidney tissues can
a|SO bef&mamremearﬁx}dsmp Fesging:the RPepssion:leatNacdB BRI fibrosis
thesd EH&%QM%%H&Q&%ﬂ'@dﬂ&%@ﬂ&'ﬁmﬁ%ﬁ%@% {t&?&&c &R §f\t‘?8 {0 CSTBLGICL

inven |on are, thusu eful for exampe asa ents for suppres
HHEG %rg Igfé te\}'eﬁ §8& CLEA Japan In is model has excellent reprodumblhty, and

is thus widely used as an experimental mouse renal fibrosis model (American Journal of
Pathology 2003 163 (4): 1261-1273). Mice were subjected to laparotomy under Ketalar/xylazine
anesthesia. The ureters were exposed and the right ureter was ligated at two sites with 4-0
surgical suture. The peritoneum and skin were closed with 1-0 surgical suture.

The effect of inhibiting C65T expression by C6ST siRNA administration was checked
by PCR method using renal fibrosis model mice prepared by unilateral ureteral obstruction
(UUO), as a typical example of renal fibrosis model mice. The renal fibrosis model was
prepared by conducting UUO to C57BL/6JcL mice (female, eight weeks old; CLEA Japan Inc.).
A mixture of C68T-1 and C6S5T-2 siRNAs (1 pg/head; GeneWorld) or PBS was combined with
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[Example 41] Assessment of anti-fibrosis effect of C6ST siRNA in renal
fibrosis model mice induced by unilateral ureteral obstruction (U1JO) 25
First, a mouse model for renal fibrosis is prepared as described below.
Renal fibrosis model mouse was prepaséd by conducting unilateral
ureteral obstruction (UUO) to C57BL/6JcL mice (female, eight weeks old;
CLEA Japan Inc.). This model has excellent reproducibility, and is thus
widely used as an experimental mouse renal fibrosis model (American
Jotiaal@b Rathglogy 2003 #bR§4):ah261:1E 2d3yrMiceanerosulbje teetialting

IRRarieRYRder kealastlazine AtAnesiiesia, L e RIess WetGreated as

ggg’gg Eedc_iﬁsnvd t\gg I‘rlﬁ%l’rlrtl LArg%r wia#\!{%atgd at o sﬂgf vglth 4-0 ﬁurglcgtk? eriment
S RE BT MBI i SRIA B 8B 884 WKL B8R g e SUtLYe DT AEP :
BRSEcoPHRIBMERICEBSTREspRes3ion- Byt STiatr N EdsampstFftb nfpasostaining
ahegkedxby BickimstioddsisigdeahtibrasisdiedchaitampreparedR\carried out by
goilateral wreteral obstoigtian Q), as a typical example of renal

fibrosis | mice. enal fibrosis mode| was 35 prepared by )
concuc RS DU B A TS B R e (OGBS i Saceren r
Syanbried. A mixture of C6ST-1 and C6ST-2 siRNAs (1 jig/head;
GeaneWWerldhasPBS was combined with 65 0.1 % atelocollagen (Koken

%gw@ﬁﬂ&g%@gj%%gﬂg%ﬁnd 200 | of the resulting mixture was

ected into the peritoneal cavity of' each mouse. Groups of mice treated
g]é“'ffé‘gc%iE}gﬁtﬁﬁ%@%aﬁ%%cﬁfmg{ﬁgégygﬂﬁ% group and control group.
Rrvatay 8 oiteheegsiprediisetst] thERIBE Mrédissected to excise the
QT eatedddeines sdifitmnsamples for immunostaining 5 and gene

pmg{%igncgél@[%/a%i&%g&ggggai{%f@r&g@ﬁice. Quantitative PCR was

carried qQut by the same method as descri in Example 1. C6ST-1

SRR & eBF P arRIaesiettnald-REVESE i eneWorld) used herein are
Ehown!eldvail[Rrmegesbiirm ikl @ 8 STy G badvhifing803)
feendatsaasferase-1) Forward: 5'-tgtgtggacacacctcccta-3' (SEQ ID NO:

g%&%%&&%&?&a%%%g&%%%c ‘iﬁ?@%:@d?Q ID NO: 79) *C6ST2

Chondroitin 6-sulfotransferase-2) Forward: 5'-cagcttgagccatttcaaca-3'
Sﬁﬁtﬂﬁ"f@@g@&c&gﬁﬁ%’ée@gf%ﬁﬁﬁ‘ﬁ?ggﬁ)gcctttaggaaac-g (SEQ ID NO:
81p{TeSTiLgocktgibsatpnencay) (Béve Bank accession number NM
01683 rifeneWendiSi-gsgeeaocteicgsratggagaaag-3' (SEQ ID NO: 82)

el SR 0 A o o

Edgafidtigctatgcgacctgtat-3' (SEQ ID NO: 85)
5’-tggggagagigagpaticggtgaa-3° (SEQ ID NO: 86)

5’-cggacgtgpgactcgtegaggacaaag-3° (SEQ 1D NO: 87)
5°-cgaaagtacctgeecgecegtttege-37 (SEQ ID NO: 88)

The result showed that the expression of C6ST-2 (G#10) was enhanced in the kidrey
(Fig. 41; C65T-2 1s abbreviated as G#10). The expression level was decreased in the C68T
siRNA-treated group. The C6ST-2 gene knockdown was confirmed in the atelocollagen-
mediated C65T siRNA administration (Fig. 41). The C6ST siRNA administration also

significantly suppressed the enhanced expression of fibrogenesis markers: TGFB, aSMA, type 1
collagen, and CTGF.

[Example 42] Assessment of C6ST siRNA for fibroblast infiltration in renal fibrosis mode! mice
induced by unilateral ureteral obstruction (UUG)
The isolated tissues were embedded in OCT compound (Sakura Finetechnical Co.), an
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[C6ST-2 cocktail sequences] (Gene Bank accession number NM 021715)
(GeneWorld) 5'-tggggagagtgaggattcggtgaa-3' (SEQ ID NO: 86) 25
5'-cggacgtgggactcgtcgaggacaaag-3' (SEQ ID NO: 87)
5'-cgaaagtacctgcccgceccgtttcge-3' (SEQ4P NO: 88) The result showed that
the expression of C6ST-2 (G#10) was enhanced in the kidney (Fig. 41;
C6ST-2 is abbreviated as G#10). The expression level was decreased in
the C6ST siRNA-treated group. The C6ST-2 gene knockdown was

eabéitanecnindhe a@e@ymaeeﬁr%o meshaiee %ﬁ&%ﬁi@&@d@itﬂﬁi&a}ﬁe@gm and
g:égd 4h]tg 6Tr1% 8@%1&:& r@mgé[{ a’ftﬁ%c?‘(l)so Sl%ﬁ]sl Icantlys Ffrﬁe reFultmg

the. en anced expressmn O enesis mar ers.

ST S G L R BT 0T REQOn SrEpPesis - aRRIAHImg 2n anti-ER-
fiBrovitsednfilthatromplesereat fibvosis! nroigek mghe n85 dscipedbidng Mitatersbms). The

utebenslRsHycion(LIO) Meuisolated m\é@ﬁ%@m@%ﬂ&{ﬁmiﬂ ocT
compouid &%a%gﬁg\%@&tagqﬂya%@&%agﬁ ?%bm%ﬁgtgd'qg TSI Qo was

cryosectioning S were prepared usin Itrogen, a

SRR BT geéﬁéﬁé%%eémewm@%ﬁ B bsAHhgsoup as
@oparddortsudtingy] seatiofisawdle immunostained by the same method as
deSC“bﬂfﬂe@g&ﬁ@m(;@x@ grléshlﬁt' 'ﬁ@&ﬂlé’tﬂ&'@ﬁfﬂﬁgﬁl\ﬁl%p@%ﬂ_}@ <§a§§%994§§>r

e r.a light micrasco eica Microsystems
%ﬁt{l’g%gﬁ Hin %&é I;/|tva%s %f&%%%d ‘65‘)1 visuali igelrnsé%ﬁ as brown signals and
quantified. The result showed that the accumulation of fibroblasts in the
E'Emlmté’gt I BRIBIVEEE T Lﬂ FC iRl Qiiss Bﬁﬂmgﬂ MéttdmiﬂeﬁtﬁmhlﬂmeWOdel
%(Q)Q%F%@&Twam}ﬁehg@a;@grgrmlmg@jﬁd to thef clofntrol grou;l) (Fig.

agents of.the present invention are thu useful, for example, as . ..
agents%rzg% %amm SO br6brAsY Becinrag a% w?l RS er‘é,o dﬁslmbed m
Fe%w?ﬁ@ﬁjﬂﬂegéggrﬁéfﬁ Sricedt direNpsul rhavershadesipdrerausran of
neavad flogesis the dek! infeesfindocees b;gmmilmemmy@mﬁadi abgixustion@ddRidney in

irmynosiaioingand gm{atagaé&qbweét@%egr%ﬁ [gmemethod as
descrlb in 1nSO %lngoan a F4/8‘O“f§9|bog#gi he result
showed Jatthe accu kL) oln of ‘macrophage N e ki

wa%%@h&.wﬁw%%sﬁﬁé%&WH@w@e’ tpé%rﬁ@amney in the C6ST
siRNA-treated group as compared to the control group (Fig. 43). The

?ﬁ%&ﬁl@ﬁﬂ]" o Resent inventipy Rfetiis yseill, JOLAYABR'S A% AYERISfO house

suppressing macraphage accymulation in y interstitium. 20 [Example
M . umulation in a renal
fibrosis FHBSes HBE Mifctaded By Ohilbrsrmumsbed asiissatndinBuoyle 42 using

an anti-type IV collagen antibody, and quantitation was achieved by the same method as
described in Example 34. The resuit showed that the fibrous thickening of glomerular basement
membrane in the UUO-treated kidney was significantly suppressed in the C6ST siRNA-treated
group as compared to the control group (Fig. 44). This suggests that the infiltration and
fibrogenesis of inflammatory cells can be suppressed by inhibiting the expression of C65T-2
gene. '

The agents of the present invention are thus useful, for example, as agents for

suppressing the infiliration of inflammatory cells.

[Example 45] Assessment of C6ST siRNA for fibroblast activation in a renal fibrosis mouse

model induced by unilateral ureteral obstruction (ULJQ)

Immunostaining was carried out by the same method as described in Example 30 using

an o.SMA antibody. The result showed that aSMA-positive cells were cleariy decreased in the
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Immunostaining was carried out by the same method as described in

Example 42 using an anti-type IV collagen antibody, and quantitation was
achieved by the same method as 25 described in Example 34. The result
showed that the fibrous thickening of gléferular basement membrane in

the UUO-treated kidney was significantly suppressed in the C6ST

SsiRNA-treated group as compared to the control group (Fig. 44). This

suggests that the infiltration and fibrogenesis of inflammatory cells can be
isteppiriasserkbyeinhitritingathe expression of E6STR-tgenék3dcThe AgeDtST siRNA-
Rf1Be RrapeRLiYeRtion arethususeiyl (f0r @X3mRle a8 RURIMI Akt the activation

ressing the infiltration of inflammatory cells. [Example 45] . .
R o et A VRH T A o espresion of
ha8ldemnthGdeiindseed by unilateral ureteral obstruction (UUO) 35
Immun®btaiging wiabeqaesieiowtbythe: samesaRihid aamsscibednn for
GxanRie 30 usind:an SN ANIRCEY. Tha resitishgwed that
aSMA-positive cells were clearly decreased in the 67 interstitium,
juxtaglomerular areas in particular, of the UUO-treated kidneys in the

TP lsi N Astesunert aF668 be RN Mintd ditexmrassiontimt tpmal S ymiss nRuse model
ihdiseEbultsuggesisthal dheraeimatidnOof fibroblasts accumulating in the
renal INtEERHbIHBUPREREARY OGRS RERRAY AN b 8R Tidyan ace
ar&gO%G T-%a%erﬂz S. ;I'quﬁt ntse é)t thce %Jg_senltmvenltlon_ are thus use u,d_ &
Tor exampre. ad ae&en S ot s%.%ﬁ'resﬁ%gdst BOHUNE ST PR Slrabtdshraresd in the
FRFET TR SBHaRO TER B TReYS PABESE MERES EBSREIRNMdns ACEe C6ST siRNA-
®xpré gsiap i anenaldibrosisonolseaadel. jucad hywnikbieralbieteralinhibition

SRSHRACH 10! i Ja AR . SQ e suppression
%ethgggﬁgg?l%gg Sgiiagi}t ﬁl%ﬁ%i%jk E ant%ao%y (S;l{riat%\%rﬁz‘?ﬁ fII'Ttl%Ee reggft sion of
A -

AGRGL BURRTEEBHE PGS ERR) HATEHEEY RYPRE SR RthiliFnproduces
Jneatorerafiachrébesinhp stidifarcobehelovyoreateskigsie flsiiCaTd siRNA has

LSpaiRAe ieaisdgraadeompamdihegantrol group (Fig. 46).
This re%‘ﬂg %%EEQ %@Eﬁ‘@s@@ﬁm@&oﬂe gfug Qs?éﬁi% tfﬁ?&?at%é%f%?%@@ﬂfﬁcgero sis-

results in the suppression of ACE expression wi e suppression o
TP SERIAHRERY fibroblasts accumulated in the renal interstitium.
Suppression of ACE produces a hypotensive effect. Thus, the result
arsesbae:above strongly suggests that C6ST siRNA has

antihypertensive Aetytyarargriosd §5;%§ﬁa§4ﬁ9£§§§éa% glfect, 1NS A0EN1S que to

of the present invention are thUS use or example, as arter,losc,eross_-
CHEBrEE8Ty alfihtei™s o BEtEr T <Re| Tiles othEr By atishABish disrragiasiude
ipbifl aptiesathy.octius asimaebutioof ieiemietdobptemearity s sausesd Faislar
iRadigtaimpaimentaniariass of isior.RYenmaAdispasesicidR ated with
corneal inflammation, glancoma, or cataract (reviews: Fiedlander M. J Clin Invest 117: 576-586,
2007; Harada T ef al. Genes and Dev. 21: 367-378, 2007). From the histo?athological viewpoint,

damage/decrease of photoreceptor cells caused by fibrogenesis is the major cause of visual loss.

Thus, suppressing fibrogenesis in ocular tissues has been expected as a novel therapeutic strategy
to prevent visual loss in all ocular diseases.

Next Examples focus on retinal fibrogenesis and the resulting loss of photoreceptor cells
in a diabetic retinopathy model.

{Exampie 47] Assessment of GalNAc4S-6ST (G#1) siRNA in collagen accumulation in a mouse

diabetic retinopathy mode}
Gestational Day 14 C57BL6J/JcL mice (CLEA Japan Inc.) were reared and allowed to
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diabetic retinopathy, retinal vein occlusion, retinopathy of prematurity,
age-related macular 25 degeneration, and retinitis pigmentosa. The

diseases also include fibrogenesis associated with corneal inflammation,
glaucoma, or cataract (reviews: Fiedlargger M. J Clin Invest 117: 576-586,

2007; Harada T et al. Genes and Dev. 21: 367-378, 2007). From the
histopathological viewpoint, damage/decrease of photoreceptor cells

caused by fibrogenesis is the major cause of visual loss. Thus,

SR e 5% g/ HiDBIgeNesisn (FUEMAS tissueschasdach axnreireastanoVelad to Day

1 %gﬁﬁﬁw¥&ﬁﬁ@&egL%9ff&%ﬁ%e ReYisyal loss %ﬁ%&ﬁ%{@ﬁ%& 2N PE 2 Diet

X m les focus on.retinal fibrogenesis and the resulting loss o
ez o7 CERE 57 ERSbiGHE TR At e JESEipRegppnd o High F
Nstedshdelipat Bal NABIS:GST (B4 VpSiRNALR dfclatierta et NI GIRINA
@ionesae s3hdhahelicetinopalBy-brde k@zﬁ%@@i gnaf D@Xt%c@ﬁa?é@ﬁ-@é@&h Co.),

m;%ﬁ {GLEA 2080 é%rgs\’ﬁﬁﬁ% é@%{&g \%'sd wed.19 68 dge'%g{tgﬁgafg% of each

Streptozocin (SIG was S utaneous administere
RO it |m@@s#§ufé§fwmﬁh%ésﬁﬁ6@m@ FsrBpisyfith In the 18th
weekileywatds ant: CELROiom (ELEX tapan prcips atid theymerstéobrmiedlrs
Alened thagewith-SigEieonatenand-adtighdratipiet (CLEA Japaﬂ Inc.) fOF

subse W, | GaIN G#l |RNA kka
Syster??ﬁ’%%%%%s T R B B R e

%&@H@ﬁﬁ%@ﬁm%@ﬁ.&@mﬁﬁaﬁﬁ@ F@gmﬁﬁw.m@f%%%d ith phosphte
‘Ea.d’fmnﬁs,tebéd intotiipe Pecitdrmealaptsétyrof £A0H0 dibuse; ihYheveighdhicdnd the

E?N&%m tﬁlﬁi%%@&mgﬁgﬁﬁeﬂﬁcﬂﬁﬁ%aka@%mgﬁﬁéﬂ%]fo}r@)ﬁgﬁojﬂgth!’hen 2
week, e X r s an
T
Tesibegsited ke sreslsoBse e uhntpd abtRoms tﬁiépéfb?é'ﬁéﬁ’éépff%‘ﬁ?‘tﬁe &fgisagrbation,
gyenhalis-mMddesd clionsogerie rébotidnvitly acetored Biguthnd Ddchsdapein) fidichirei
msllfaum&@s{m@@ %Weet@@a Qﬁtg:?m?éﬁt xtai&f&@oﬁetrgtm RRHDEPGehs).
collagen,antiseru ilution; e e

9 Bl%a % Eurplg P t?ne rely na15’ LB Y/anmaﬁ qiq qna’fi € co utPPe %o&éhtéle deposition

antlbod he sections were incu Bom tempera

éﬁﬁ%geﬁéﬁ%&iﬁ‘a%@%%‘?éH’%FR@WQH%%WFQWMTMMST
ﬁabpel%wﬁ(ﬂ‘ﬁaﬂaﬂza]s ithesseddioavisibb. abtiboatyssantethersamplieswese in GCL

incanated. %&J@Qé&?ﬁdﬂﬂ%@ﬁ%&ﬁ%@ﬂ%‘ ﬂ}éiﬁ%cﬁét@f;m HON Aiministered

enzyme- mediated chromogenic reaction was conducted by adding DAB
pStrate (Nichirei_Biosciences). The samples were observed under a

ng ht micRs<EsPE of Bie ArRAratdaytarRSye Oty histsrmplt tiasetinols

showessingfeg g én Incthescontrobargiyy, 4bid ideposition of type IV collagen
was increased over the reglon from gangllon cell layer (GCL) to inner 20

clear | INL), whi ) ontrast e increase
g#lcoaél[gg%(]eAs ' L L qmulation of sodam

presenmmmmm&ﬁmm%ﬁmmgamMﬁmaﬁﬁ@m&Ss&m method as described in
Example 47. An anti-chondroitin sulfate proteoglycan (CSPG) antibody {clone CS56, mouse
monoclonal antibody, 1:100; Seikagaku Co.) was added as the primary antibody, and the sections

were incubated at room temperature for one hour. Then, the secondary antibody reaction was
carried out using Histofine Mouse Stain kit (Nichirei; used for mouse monoclonal antibody).

As shown in Fig. 48, a significant enhancement of CS56-positive signals were observed
in GCL, and the segment from outer nuclear layer (ONL) to pigmented cell layer of retina in the
control group. In contrast, the CS56 signal intensity was markedly reduced in the GalNac4S-
68T (G#1) siRNA-administered group. Thus, gangliocytes and retinal pigment epithelial cells
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suppressing collagen increase in the ganglion cell layer. 25 [Example 48]
Assessment of GalNac4S-6ST (G#1) siRNA in the accumulation of
sodium chondroitin sulfate proteoglycan in a mouse diabetic retinopathy
model The retina was immunohistochegtically assessed using the same
method as described in Example 47. An anti-chondroitin sulfate
proteoglycan (CSPG) antibody (clone CS56, mouse 30 monoclonal
antibody, 1:100; Seikagaku Co.) was added as the primary antibody, and
e sestibois givd e Wwetiubeted-dtindddii.temperature for one hour. Then, the

e e (e e
u wn in Fig. 4

@%n?‘fs g%r% ancer{ﬁfer‘lllp B’fe&gg%%‘e 13%”? §§ géfz DoaPoB R ES R BiFHeCR thi

Iaﬁérkﬁ@%\%:g Wbﬁ%&t@hﬁ%@ﬁ%@(@r@%@gm@ &srﬁraﬁmafmn of

fibtingariic ieor35 Bariealgrau(SHO BartitasteheaIbambibinaldpiensky vasn

%%%‘Mﬁ?ﬂx‘éﬁ@&d@ beRaNachS s@%loé%l% Sx@N MIRISISEed QIRHReq repors
Thu s%agglroc and retrnalapnh%ment e I|aI ce 9 were

A e SERCALEENSE ABve ol n nvivo
w&%@@métilhrm@mtm@mam aeHE-GSTiN@ M) eBiRN e first

signifiggestiytist ipfy e SSEPha lasluaedissRG deposition in retinal tissues in
this model mouse. Together Wrth collagen CSPG is considered to be
sen éﬁ)r the formatfo ¢ esrons Furthermore CSPG has

é{glrlllprep afionof glial cells in a

""""

S EUNGDEIE N EROGHS 73 1992) Prevrously publrshed reports
only de@pﬁbﬁe[‘eés tﬁ@xﬁﬁrﬂﬁdﬂﬂi@s@é@r@fﬂﬁlﬁ%t@@&ﬁ@é@i@?ﬂ@ﬂ@' d¥RARSPechanism
eiﬁ%'r’?etmﬁ &%Iﬁaé@ 'M@M%B?eth‘c)lg gﬁﬁkég%ﬁpﬁqgt&%{ 19 H!:?’U‘E’J““eﬁ? trhcelis Jl‘esgonmbls

owever, the result described herein for the first_time s sts

R TRERSTEAY ALSLBNU 6 fsts @f%@%&%n%‘é‘aﬁ%&%@%ﬁ 247,
1831 PIRNA it tHRAS A U RS 2800 4lidincbiis Bxampho irsediabtetidng was carried out
tielipapathymaie I0ptiedgNEIedRsr a9 BIhas-NeRMIGNII TR IS SRV @fas

&M@giﬁ%&g{ ng,mechanrsm after retinal damage. Meanwhile, it is
reporte thatt1eo tic nerve progenitor cells responsible 15 for such

regene e SRS }_’]’F&,%%E’gﬁ& ggﬁgimgﬁrh%f} fBengsitiyggial cells was not altered
ndwibsciarmtand: 2n70P008pV bte@Etal the MASoLOT wiS64EkeAB04)rdmsdhism the area

fraramIlec iICTMUA G TAINGMRAETR(GED RNUSHIh faRAERH nﬁ FORic nerve
@g&%@grog%ame&r I@l@éd%g%k%h?ﬁ% JRKGL DY & ci %ﬁe resagdes ibed above
déscribed in Example 47. The result 1s shown in he num cf‘-

TR RFSRIOEF B0 1S Qs ﬂe'var@f*@am@@rrﬁlﬁamd&ar FANARASETRASH L) SIRNA.
groups The egmtrestt ftheresthcounttivasrerthukedbjuin Greaseobin, theugreafor
feamelblinbate Ghabnthe:GalNacaS-6ST (G#1) siRNA-administered group.

Optic nerve regeneration has been reported to occur from INL toward

GCL. Thus, the result described above
[Example 50] Assessment of GalNac4S-68T (G#1) siRNA in pangliocytes in a mouse diabetic

retinopathy model

Gangliocytes were quantified using samples prepared in Exampie 47. The result
revealed that GCL gangliocytes were reduced in the diabetic retinopathy model but the loss was
significantly recovered by GalNac4S-6ST (G#1) siRINA administration (Fig. 50).

[Example 51] Assessment of GalNac48-6ST (G#1) siRNA in gene expression in a mouse
diabetic retinopathy model

RNA was extracted from ocular tissues and quantitative PCR was carried out by the

same method as described in Example 1. The ability to regenerate the optic nerve wag assessed
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suggests the process of active optic nerve regeneration induced by
GalNac4S-6ST (G#l) siRNA. The agents of the present invention are thus
useful, for example, as agents for 25 regenerating the optic nerve.
[Example 50] Assessment of GalNac4S#GST (G#1) siRNA in ganaliocvtes
in a mouse diabetic retinopathy model Gangliocytes were quantified using
samples prepared in Example 47. The result 30 revealed that GCL
gangliocytes were reduced in the diabetic retinopathy model but the loss
Weshaiaiifi cRabY s BCOVerge Aol diacta b S hkGHL) BIBNGich is a Muller cell
sl SHRUA(Gid, SRR SAmBIe,R 1 psRsRgIen! Of Gallacds-6ST
&(%35#1)_5iRNA N gene expression in a mouse Giabetic retinopathy model
ANR YR8 S EHrREFHEMSeular tissues and quantitative PCR was
Canrinel @ BythidBisdnee method as described in Example 1. The ability to
rRgeRaratethe mplGOeueArATASSRSeRM 70 syanalzingchanges in the

R R A el PR

The sequences 0 primers are shown uanti g%ive PCR

primer SEHRHEASTRENP USRS B! (FiiarEBRimeS SaEdrrergST (G#1) siRNA could

5CTGMEAGETEAAGIGT GGG AR 3T (SEQAB NG T hdRBY e ke, The

%-E%E ﬁbﬂﬁ%i{@g i ytg'% %@f@(}ﬁ fﬁéﬁ%'&%% r&?éogggég%l%gﬁlar tissues in

n inistration. of GalNac4S- Sik ou

e B b e A St TR o

ﬁé‘ﬂ@%ﬁ EXpredBidh mriREARsReE iR Asiimisdhrnerneration i thetic nerve

sxpression of GS in ocular tissues in 10 the GalNac4S-6ST (G#1)

SiRNA-agdmini 1‘%@&@1&@ -tgﬁﬁgﬂﬁfélﬁg&%@g Q?geﬁxpﬁ’ YE300WE ithat suppressed by
%ﬁi I\ll'i%}C‘l é%%lj‘e %ﬁ&%?&%g&g]ﬁt%&“?ﬂﬁé&m uller cell otorecentor
regeneration. 1.6., Opic RErve  18s oration. T I BIE PEVERTSR thak p
ﬁ?ﬁé‘fﬁ? trhanidbcoreenralior el eanebionivie Shisrstdesidy fnibitirmgtveonly

ebpression ofd@aliNig4Be68dr ganaewvhithfieahin theuaieyentiesnef and diabetic
RhQ Lgeeptor 15 cell loss through the regeneration of gangliocytes. This

histologjeal feature is commonly observed in a wide variety of ocular

diseases With 1IDrosis MENIaing giaceaima BhtS b Sl ARG ar e

Hgerreiranéodre seit ahganalig @ge thus useful, for example, as agents for

regenerating Muller cells or gangliocytes. 20 [Liver tissue] Fibrotic
QRgesJn liver tissues are the progressive or terminal stage of various

iver di?«; ases, Liver figr? eQesisﬂ I’eSl{ﬂtS from various liver diseases, =
including Vit RSPt (Iti'/%’é jpSues are the progressive or terminal stage of various liver

diseases. Liver fibrogenesis results from various liver diseases, including viral hepatitis (type A,
B, C, D. E, and G viral hepatitis), alcohol liver disease, nonalcoholic fatty liver diseases

(NAFLD and NASH), metabolic liver disease, drug-induced liver disease, idiopathic portal
hypertension, Budd-Chiari’s syndrome, autoimmune hepatitis, primary biliary cirrhosis, primary
sclerosing cholangitis, biliary disorders (inciuding biliary atresia and biliary dilation), biliary
atresia caused by pancreatic diseases such as tumor, graft-versus-host reaction, and chronic
rejection (Bataller R er al., J Clin Invest 115: 209, 20035; Iredale JP. J Clin Invest 117: 339, 2007,
Fibrotic changes of liver at the tissue level were assessed in the next Examples.

[Example 52] Assessment of GalNAcST siRNA in gene expression in a mouse fatty liver disease

model

Gestational day 14 CS7BL/6Jcl. mice (CLEA Japan Inc.) were reared and allowed to
deliver. Streptozocin (STZ; SIGMA) was administered to Day 2 postnatal C57BL/6JcL mice.
STZ (10 mg/ml) was subcutaneously administered at 20 pl/head three times for two days. Thus,
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B, C, D, E, and G viral hepatitis), alcohol liver disease, nonalcoholic fatty
liver diseases 25 (NAFLD and NASH), metabolic liver disease,
drug-induced liver disease, idiopathic portal hypertension, Budd-Chiari's
syndrome, autoimmune hepatitis, primagy biliary cirrhosis, primary
sclerosing cholangitis, biliary disorders (including binary atresia and biliary
dilation), biliary atresia caused by pancreatic diseases such as tumor,
graft-versus-host reaction, and chronic rejection (Bataller R et al., J Clin
lcf%?zﬁtoli %5:}@9@5 gzﬂgj%is%%@!@tﬂg m‘?cg“'@ol \éﬁe?\%-&}? th%ﬁgndg&g’%,) ﬁl?éomice were fed
FI%};OIIC ch r&ge{s of.liver at thg tlssu%é(egéw re assessed In the next
ﬁﬂxa%a?émsi AR S A 0 e R ESPUipEhll gl our weeks, the
anpressiodvihmdliek FatiyithEl disdanen mod &Gestatidnallugy sebond week, 200
gwmmng&mm&%?bw& ﬂ&ﬁ@?&gﬁiﬁi@ﬁ@ﬂ%@%&ﬁoﬁél cavities once
r aRIAZ ; injsie ostnata .
s L(/O(?Jg(r:%r midc%?%TZE%an%? %%%@gﬁ&mug%géﬁ%ﬁ%ﬁ ferec t(étlhe e
AR 1) ERRR TSP 135 XSS, YRI5 BB Preosion analysis and
sEmiRpsterEBRto the mice. Together with their mothers, the mice were fed

with a nQtessitaies PO theywrefow weekseld-Afieryveaniing af thendge | using
ﬂgépﬂgsw&eﬁetﬁgulmﬁcﬁw %@g‘é’fhﬂyé%grgs%}og Ic%#%%’%ﬁ%%‘i?ﬁ i.lv, Yidanced in
K 0 Si esc

n
Fﬁr two weeks..In the sec?find week, 200 | of GalNAcCS rbe

Y E B VARt RS R b TR D armmistitigntnsu 6 de waifiraksuppression
(e shprpesEak) twice in total (for two weeks). On day 14 of the
experiment, the mice were dissected and their livers were isolated to

SRR SRR 0808 ARRRIAE ARAVSIARTIAOR AN NG ce sty iver

uantitative PCR was carried
%%Csing liver tissues. The result is shown in Fig. 52. The
expresslin offGsiNAeIB e STisienhdnced invet Odivey tissuassieditig the same
medekl &Salbif 'B@Tirﬁiﬁz%ﬁqﬂnimﬁgé&&%@lsé%%lﬂfﬁﬂe ﬁé@ﬂé@@ﬁ?ﬁd aSMA was
SHRRIE ressi xample \ssessme . L
anti-fibgrﬁc?i e%%ﬁc‘,fg feﬁc%[%)é Glzll?f&?éélg gﬁl\fng%e%\h%oeusénfcaeﬁ?yh&%t%c Geagesin liver

O DA PR RSB SEBROTEINENS Hirahbereche iy Srapkan agswignificantly
asprpssed byaheigamraeretNodHssdRsdribed in Example 52. The
expression of type | collagen and aSMA was significantly enhanced in

e al{fid s, I HNI CRORRECH, HNOLR.SNARARR B IV honse oy iver
tissues. Meanwnhile,
issassdpedelbnily suppressed by administering GalN1ACST siRNA. 20
[Exampléesd}ifgsasermentcoiiBaiNfasad SiRINAsimfinethlasiddiikratianiinkgampie 3.
meusedaiviyebroisanssifad el DIRERIME AISSURSHURISIBMUIANIAIRAH a5 the
?gi&%;'ysa% ne. ethé) as escrlbediln‘E)x%@%fegfgmArat agttlll}m use

fobrast antibody (cione ER-TR7. 1500 ditution: BIKTWAR ‘SHaRHQuhEe 2
peroxidase-labeled anti-rat IgG antibody (1:200 dilution; Biosource International, Inc.) was
added as the secondary antibody, and the sections were incubated at room temperature for 30
minutes. After incubation, DAB substrate (Nichirei Biosciences) was added, and the samples

were observed under a light microscope (Leica Microsystems). The antibody binding was

detected by visualizing it as brown signals.

Examples of obtained images of immunostained liver tissues are shown in Fig. 53. The
accumulation of fibroblasts was clearly observed and a bridge formation was confirmed in the
histological picture in the control group. In contrast, there was almost no accumulation of
fibroblasts in the GalNAcST siRNA-administered group.

{Example 55| Assessment of GalNAcST siRNA in fibrogenic score in a mouse fatty liver disease
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25 primary antibody, and the sections were incubated at room
temperature for one hour. Then, a peroxidase-labeled anti-rat IgG
antibody (1:200 dilution; Biosource International, Inc.) was added as the
secondary antibody, and the sections wgre incubated at room temperature
for 30 minutes. After incubation, DAB substrate (Nichirei Biosciences)
was added, and the samples were observed under a light microscope
(Leica Microsystems). The antibody binding was 30 detected by
Misglizing it as brown signals. Examples of obtained images of

|mmun%sta}11|n§91hver tissues ar Wi in F g@ ame acculmyﬁl;atlaS asc?esse d for the

ac esam es MNUNg 1st ma
fibroblasts was clearly observe an orma fon Was contirme

tREeh &?&Yfg%%ﬁ%ﬁél@w@ww& Pased AR LTV igvesRoES RifSster 2
Rodddmutativrrof 3ib46Bladt a2 (Hs ; GalkhAo ST Sif2 MA TedminiBtered 37: 835-843,

BI0SIP- 3R f%@aﬁ% 5&%@@@@%&&@&%&4&% SRNAIR Jiﬁéﬁge@"ﬁomal 1,
ﬁ:%\(f)g:%l a an ru 1?3 aﬁ Jflr\éfn;nsg ase (2 m]'? fension c%f ccnﬁx n?%reﬁ is apparent but

Inununonhis oc emlc B Was asSesSe

tRigese B‘Pmlﬁé@‘ﬁraf&éﬁé%q&%%b%wg.E%eéo}e%tfw@a rrpifesao digrils is
appoety (DhtdlagtrafibriWbila InGacteosdtgrolvBde 48224483 hs200bnsion of collagen
HileorandtReelthe Nﬁ&wﬁ@xeé}@tlcp%é’aﬁoﬁ%ﬁr&@e 8,2006). The

fibroge SIS sgores were deflneéj a%cor%n lge fo Clll%\évgg rltena viati
normal; - few co a gen Tisrts Bxten from SSRGS a%?& flord g viation

e%ﬂ%éﬁ%?ﬁ%s@%ﬁr%hmued%&blﬁsﬁﬁ%‘v@sﬁ@@w@ﬁm@g@%ﬂredmed
theéhaiiol AvET sRIextemsiaivefcdaitagens ftbrilsasd ap perentahgdregl agen ; -test).
fmﬂlﬁmﬂgseggéam%@@%M@swfaﬁim\é%ﬂlﬂmpa%&aﬂﬁ&ﬂﬁﬁ@ﬂ@&%@em

|brll?l|)s observed in the que liver and pseudolobules are formed. 10 The

resuft 18 SHown Sélgpa]{eésrlél 1§ mcf—'lg 55. Each bar indicates mean standard
deviation of the fibrogenesis score in each group. The fibrogenesis was
SFatistitaly) sigrufinant| yreédintecs Triftie AGa tiNAobik & RINA-atministesaek fatty liver
g{gg& as,ggmpared to the control group (p<0 01; t-test). This finding
ugges§ t GalNACST SiIRNA admln %‘(t)n also clinically prquuces a _
superiof Vel i3S LT ATBLPESHRG L Hed T FEREMibtcrived in Example 54.
A§§‘e@§h¥é‘i’ﬁséf @&q RIAESTY SHRIEANHT mabasphidglinfiftr &GHOR AT RIS was added
tattyelpranadisedseaimastei emdimew&sﬁue&weczaﬂmmumame@ )t B3 hour. Then,

§ &m&é@%%%& %'5}1 PleRfabdat %”5&611&%%&5&‘%?:%1 Inc.) was
ﬁ% y.(clone A3-1, %} AG LABORAT S) was a

sy HbBY SRS W MBS T Aptetre or 30
rémﬁé?a&ﬁtér ﬂ@?l&ﬁé%ﬂﬁﬁﬁé?ﬂ&%@é%@a&émab@?e@mw peitiegGmd the samples

amtﬁ)mﬁyr@mﬁﬁauumm nBteseUpeellEtarnationflcns).) VRsraddediasithe was
a@@%g%gymgg nad@%m%? 5%15 were incubated at room temperature

for 30 |nut atlon DAB substrate ENIChII’eI Biosciences)
was ad éiam F‘%OO fnages 'of immunostained Hver tissues are shown in Fig. 56. The

accumulation of macrophages was clearly observed in the control group. Formation of

inflammatory accurnulation lesions were seen in the histological pictures. In contrast, there was

no excessive accumulation of macrophages in the GaINAcST siRNA-administered group.

[Example 57} Assessment of GaINAcST siRNA in the hepatic lipid metabolism in a mouse fatty
Liver disease model

The expression of lipid metabolism-related genes in the liver was assessed by the same
method as described in Exampie 52. The enhanced expression of carbohydrate response
element-binding protein (ChREBP) and acetyl-CoA carxylase-2 (ACC2) was observed.
Meanwhile, the enhanced expression was significantly suppressed in the GalNAcST siRNA-
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were observed under a light microscope (Leica Microsystems). The
antibody binding was 25 detected by visualizing it as brown signals.
Examples of obtained images of immunostained liver tissues are shown in
Fig. 56. The accumulation of macrophaggs was clearly observed in the
control group. Formation of inflammatory accumulation lesions were seen
in the histological pictures. In contrast, there was no excessive
accumulation of macrophages in the GalNAcST siRNA-administered

gﬂﬁﬂﬂs@@&%m Hi & 59 ABRRISNR @ﬁ&%ﬁ%%@&lﬁh‘éé&ﬁ@ﬁsﬁ%ﬂ% improved

P metabollsrfthtbn mouse fatty liver disease mo e express

pid PietabonSm-re SRR mfﬁ/&?%i?’ r@%&&%& W‘thsél%%fﬁémmmd’sm
thoetas E%M%éﬁﬁ@@@z The enhanced expression of

carbohytiratesrespiihs grd3selemenish ndingpiadtin & bREBR) Andents for improving

gg%gﬂ Qﬂﬁe%%ﬁ}ﬁse -2 (ACC2) was observed. Meanwhile, the enhanced

expression was significantly suppressed in the GalNAcST siRNA 73
admlnlstered group (Flg 57) ThIS result shows that the glycollpld

P58 e\ ) iferr fibroblast
HWMMHIMM&H&@)@&@&%@E&%RNAC4ST 1, GaINAC4ST 2, and

CALNAGHGHORIe0RUES. Ita&m%&t}@&m&%@&%@t@&@g SHRd in Example

eSO AT RN AT SR & AP CH ST

siRNseredipresibing taéwmmmw@ametmy vadtm@swmmzékﬁted from
fattynlneer disease model was prepared by the same method as described

in Exan}@&t %9@5&559%%1‘; %%S&%?d ‘B? ﬁ% dﬁ'ﬂ%gd‘l?? e%c I}:Rehlm Example 3.

were administered according to the same

E
AT RS POUAES ED AP 1 SHES A & Lo OO, IS e e s e
vERaz snBkodie radihegntoaiverd iryubredatmommetvarbasiteocibetom. Then, a

Eéﬁam@i&%bﬁemnﬁﬂg@&&iﬁbﬂ?l@i&ﬁic%ﬁm Keboneds Rt RiideMOfc.) was
difitien; zﬁé\é@&m&%ﬂg%ﬁ] S AR8nE I RImaty.anibe e&‘af réﬁx% CSUONS e for 30

were incubated at room temperature or one hour.

LRSI oS B EIEH SPrPa ﬁj’t‘%sﬁﬁtﬁt@&fﬂflﬁiesﬁﬁa’ﬁ%% Maiddefeand the samples
Iviees nasal uenalight nildestar theiselebadayytamtbddly, aatitbthyebinding was
ae&ﬂ%s;y\/ﬁgeatmy@m@cbﬁmg@@@mperature for 30 minutes. After

'nCUbatlggan%ﬁg %%?ag &%IC&W Ot%gtl)% a%tee Iwai'stig‘gu(%\eﬂd as@tgtgr]tem Eig. 58. The
samp Ies were O serve %% microscope ﬁ_elca ICIOS stems)

*'f“h%“aPtﬁBt}w &W@S@&@%%@f &5¢ tﬂéh%ﬁ%@tg%%réwﬁ% Aamation was
Escarmplesshof @ beairigdcimeyyds ofitrasiuiinstdisedttivertissuesanetsiemyeiin any of
kg (a8 1Thermacumstatiaref fibrablastrwassleashhihiserveduihe

control group. A bridge formation was seen in the histological pictures. In

contrast, fibroblast accumulation was not observed in any of
[Example 59] Assessment of C487T-1 siRNA, C4ST-2 siRNA. and CAST-3 siRNA in the

fibrogenic score in a mouse fatty liver disease model

Each sample was assessed for the degree of liver fibrogenesis using the fibrogenesis
scores based on the immunohistochemical staining carried out in Example 58. The result is
shown in Fig. 59. Each bar indicates mean + standard deviation of the fibrogenesis score in each
group. The fibrogenesis was statistically significantly reduced in all of the C4ST-1 siRNA-,
C45T-2 siRNA-, C45T-3 siRNA-administered groups as compared to the control group
{(p<0.001; t-test). This finding suggests that the administration of siRNAs against C4ST-1,
C48T-2, or C45T-3 also clinically produces a superior liver fibrogenesis-suppressing effect.

[Example 60] Assessment of C45T-1 siIRNA, C48T-2 siRNA, and C4ST-3 siRNA in hepatocyte
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the C4ST-1 siRNA-, C4ST-2 siRNA-, and C4ST-3 siRNA-administered
group. 25 [Example 59] Assessment of C4ST-1 siRNA, C4ST-2 siRNA and
C4ST-3 siRNA in the fibrogenic score in a mouse fatty liver disease
model Each sample was assessed for thg degree of liver fibrogenesis
using the fibrogenesis scores based on the immunohistochemical staining
carried out in Example 58. The result is 30 shown in Fig. 59. Each bar
indicates mean standard deviation of the fibrogenesis score in each

ALekRrsliheg Mggﬁgg@éygg@g@tiﬁggglly significantly reduced in a] i of the
CAST-1.sIRNA-, C4ST-2. é(loo 4ST- §P Qﬁ}dm inistere roups.a
RS

comparad 1o the Coptrof § grouﬁ TR ée%ttgeﬂl?é?tocc’l o

Géﬁ%*&ﬁ%iﬁ@ﬁ%{ﬂ%ﬁ of- sﬁNﬁ@é@%ﬁ@ﬂmcysi@&wzedofoc@sm@@mne
whmitalise prodD desia taupet SRV fillegendsis-suppressingeffeht. Shm ALT level

iExample8akhssessment AhCAS Tl RIFNAV AR LR FRNA. @&%ﬁﬁf 18vel was

n atoe te 74 orders in.a mouse att liver disease
%@ﬁ%ﬁ& rhngggweregsg?:r%cdﬁ egﬂe T8 SR & %efr gﬁ‘fé?’?‘ls%c%’o ﬁ”@r {gss in cach
hdprtDEd| B8 Ndesefibed M@%@@Tﬁ] aliphbadampeedgayers as compared
oubtormmassayed Piptee)sdhimaianiarotiansieischefdid)ie\RISdOLE be reduced

§leuf;9fes;r!9§ JeaHEER shown iR EiguRlhe S AT dovel b isithemastagt s

Wldefﬁ/ used clinical indicator for hepatocyte destruction. The serum ALT
ene hver

SVel'whs elévated in the control group. Meanwhile, the mean value was
decreada #6809 Eiclawswt BERTIVT Areims STl RNANOIAST 2R Kb reducing
loapelt&i4 G BaanalRNA-administered groups as compared to the control

group (Fig. 60). This result demonstrates that hepatocyte damages can be

l:gducg 6¥ asu reSS| of fih an es by inhibiting te expressmn .

@Mﬁﬁi‘éntlon are thus useful, for example, as agents fo reducing
hepatodythidamages, fosanple:SlA saessnantohihanteHragenitode] induced
%Ifgzﬁ'EQE %ﬁ&ﬁ&fﬁ%‘%&%ﬁ‘ﬂﬁ@ﬁ%&%ﬂ@é 9 u]stl-_?c{ '8%91%&!&%‘3? l@)}glsthe niouse model

xam_gle%%ag men were carried out u&aga mouse CII'I’hOSIS mod

TG P PRPA o e RATEASRHE ot BR B g8 arei Mt odigme-
fredel) Fesinitréemiptiseeriontel ondsep dparén] s deserifsonlbafowoGaryonks old;
GHERCMpEIR: {3 9vadd LOR:gk Fodyweights RIgMarAlYHChM@TIDIRRIEEHNS. Then,
perionaal saiies.of LadRLS! mgt@m{%é% »%t SRS 2 éa(t)otal of 12

CLESCﬁJapan Inc.) twice a week for four wee times) to in

& HHSEIETPAREH, Mo pLe &fa%owwaaamsﬁa% S Ric by were
epliceted waakotesr hm%é\ékw@tbtaﬁ dfcl@ntimenptoinutdecisriosisoiMited from

el BinsueacqishaRisOVEreTsae Hoa b aRdstheinlivershyerarbalestedioride
gﬁﬁ{ ggﬁ%ﬁgﬁﬁgn%?ﬂwmlle in the control experiment, livers were

collected from
The same C65T siRNA as described in Example 41 and a control were administered

into peritoneal cavities four times at the same time of additional carbon tetrachloride
administration (a total four times from the ninth to twelfth administration). After the additional
administration, mice in the both groups were sacrificed. Liver tissue sections were prepared
from the mice and immunochistochemically assessed. A rat anti-mouse fibroblast antibody (clone
ER-TR7, 1:500 dilution; BMA) was added as the primary antibody, and the sections were
incubated at room temperature for one hour. Then, a peroxidase-labeled anti-rat IgG antibody
(1:200 dilution; Biosource International, Inc.) was added as the secondary antibody, and the
sections were incubated at room temperature for 30 minutes. After incubation, DAB substrate
(Nichirei Biosciences) was added, and the samples were observed under a light microscope
(Leica Microsystems). The antibody binding was detected by visualizing it as brown signals.
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C57BL6/J mice (female, CLEA Japan Inc.) of the same age without
carbon tetrachloride 25 administration (normal livers). The same C6ST
siRNA as described in Example 41 and a control were administered into
peritoneal cavities four times at the samg time of additional carbon
tetrachloride administration (a total four times from the ninth to twelfth
administration). After the additional administration, mice in the both
groups were sacrificed. Liver tissue sections were prepared 30 from. the

mice and gy %@Bﬁ&%&@ﬁﬂg@é'&m%&&%@sm&%@sfk&QGG}Piﬁﬁflg 61. The
a%Q%%SPXO(gl é}eﬁro I?a;r RvZéslc}e léyr%g BMQQ con ro?éxﬁﬁ% %fbng Erflorma%on was

e sections Wer mcuba OI‘ on

Hhewr mmhlatﬁeE&abmeerpab&ée%w&ter@ev%ﬂﬂowmazee i ﬁhrahlasts in any
Bihsaldte ditsrhationdkdrd. ywas.added as the secondary antibody, and
the sections were incubated at room temperature for 30 minutes. After

cubatiq the
SRILAS

@é‘ﬁ{ﬁ . gene C . I epatic fibrosis
m@é@amlbody blndlng was detected by visualizing it as brown signals. 75
Exampigs cdégi’ebamE(abrrﬁa@@alehmuﬂoetmphdvhyeﬁsﬁmdeslegemhmmgmesis
ﬁ@e@asl@gn%g%g&@t%ggﬁegl%E&W@Wt%ﬁm@lth?he result is
ntrQI é_% a\%hge J‘o({dmatlon was sha%a Cg the hlsg)}# E?I ictures. N
18 e o BT HBATACHOR LG TR Eoore in cac
@RINATéG fhrpsevsts Yo s s pl v aitplecsr nsduenshietie &@@wmmsmd
gfothenfibsagendsis heosatitl artpyseth@natiesiibrosisfindagaelthatd égrereof

Mﬁfnﬁ@&%ﬂ%ﬁﬁ ARNGATRG WARASEEHSCLISINGRIR B?&%Q@dh%@&sa clinically

scores the immunonhisfochemical staining carried out in Example
Bpeira ﬁiﬁﬁ gsf%”?ﬁ Wr?rli?fém@?neégch bar indicates mean standard

deviation of the fibrogenesis score in each group. The fibrogenesis was
gtatisiicady sigiitieant|y redusediidheic 68dcstRNESRelRiNStesesb@etepatic
ﬁgrgﬁm&@d to the control group (p<0.05; t-test). This finding suggests
TﬁTTﬁ—_cf‘mlnlstratlon of C4ST-1 siRNA, C4ST-2 siRNA, or C4ST-3

SIRNA &80 prFdues el drm A ‘ﬁéh%%ﬁ%?ﬁl%‘ﬁ&é%f%ﬁﬁﬁr&@%ﬁ?&‘ﬁ’é&m by the same

fitstborbrrediscrits | Ex Brapipl6 8] Reswssiienboithe Bigticibrbyemiprefifeot dfaSMA,

@ﬁeSITc@iBM ma}meh@mﬁp@mﬂigéaeﬁsm@ﬂ@rRMm‘e&tm%@Jﬁem group.
aﬁ-ﬂ‘f f%&gﬁ[}ﬁ'%v {Ex é?él&’h’lt&?éf @%@ﬁ&%ﬂc&@&%ﬁﬂﬂtmd group.
SCI’I e resul tiss

in Exam own in F e expression
3?‘%?@?\?%, %?ﬁﬁéh%ﬁa PEFEE YH%%%&%W&% Shigaiae e
wascenbraptedbh-trraecontrbl groep. Meanwhile, the expression was
significantly suppressed in the C6ST siRNA-administered group. This

ﬁaugl% aﬁ]%glg/%%? 15'3]'"“ fibrotic changes in liver tissues can be suppressed by

lgn these Examples, an MPTP-induced Parkinson’s disease model was used as &
fundamental mouse model for Parkinson’s disease. This model is a classical but highty
reproducible and simple model, and thus has been widely used as a Parkinson’s disease model.
The histological features are: infiltration of inflammatory cells into brain parenchymal tissue and

reduction in the number of dopamine-producing neurons. Classically, neurofibrillary tangies

were thought to be a cause of the reduction in the number of neurons in such pathological
conditions.

Thus, such diseases include pathological conditions with neuronal disorders, specifically,
not only representative neurodegenerative diseases such as Parkinson’s disease, progressive
supranuclear palsy, corticobasal degeneration, Alzheimer’s disease, polyglutamine disease,

amyotrophic lateral sclerosis (ALS), spinal progressive muscular atrophy, spinobulbar muscular
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expression of C6ST-1 and C6ST-2 genes. 25 [Cranial nerve tissue] In
these Examples, an MPTP-induced Parkinson's disease model was used
as a fundamental mouse model for Parkinson's disease. This model is a
classical but highly reproducible and simple model, and thus has been
widely used as a Parkinson's disease model. The histological features
are: infiltration of inflammatory cells into brain parenchymal tissue and 30
reduction in the number of dopamine-producing neurons. Classically,
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aiiVegporocerbbeltzeatrophy , Sand Ghysérage incyie potiedumatic cerebral sequelae,
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Flsh syndro ror {lﬂg |51fl%rrpur1n tor dem |}natln 0.Ro yneurOé%Pg Sbrill
agumsﬁ lrls TGRS B CrOWT UK SE S AP OMAS TSP A P A pgtrofibrillary

ﬁf}l%’é’ébﬁ s §§ﬂﬁgﬁ%9%qral Pt w@%@@@m@aﬁmw aRols. gisedsaticular,

Geabmnneﬁmyehﬁem@ ketrdiseabasdadfaiskfampiatmsaadiiayders such as
suhagie ﬁ@&qwlﬂ&&%ﬁm&@@gw%mﬁaﬁmwésé@& SRUHRGRL mptoms.

leukoencephalopathy (PML), and spinocerebellar degeneration. Such
diseases also mclude posttraumatlc cerebral sequelae sequelae of

rifrfod) siddddyddeatment in a

GEVBRISTA. eme@haktm)ﬁeahﬁm mﬁ&a&t&ua&:mmngms sequelae of

spinal %rﬁzm%ﬁ@da'ﬁ%s@f%ﬁ%n La&xgéss%%&%w&%ﬁaye% WARhgEly
nerve, audl nerve, and oFtlc Inervi 49%%?m pa

tic
e B cLOBR AL RO e RGeS 2 4 BER dgridine OMPT?)
b%l;ﬂéﬁﬁiﬁtﬂcaa4 é%?@@réowah %@“ @é?ﬁéé@mm&r@im%@mﬁbrﬂ(&w fahyjle The mice

ischnpimiantcag] avia RaNA gy chiadiRNsy mplafrSehb dkprastiptenfd histological
Assessmentof the.apti-ikrogenic effect of GalNAc4S-6ST siRNA

treatment in a C57BI /6 e Par disease model induced by
VTP (TSR b TGO AT e 0B 1 (58 pragaaR e
5911§gqeéﬁ@qafl t@@gy@g{hﬁ@c&@@émﬁr%(ﬁgﬂgwg as described in Example 1 was
tomiaielwiphenylkbakgeteaydpy vdirs (MRERY{ANARIR e the mixture
@z@%@n‘gﬁgﬁa@&l ﬁfiﬁ@ HE%EMQ%% t&%%i%%%@ygﬁ ZE%%% ]m%'c?é) femgle eight

mic 2 a m|n| with NAc4S QST S|RE§ e ge
BB Sl D By MR ST Gt R HHSHSEHIRRE TP (Sigma
@@gﬁt@mm@mh @E%@IB@GWW@@%@B@A e nes) adereisearéth dmonice at 30

allowgathie: deliver dug)ofithasame CRINAGE -GS s RN Ad GaRaMeddo 1l of 5
M%&%M@ﬂ%@a‘to‘@ﬂaﬁm) was administered into the tail vein. After one hour, the

mice were dissected and their brains were isolated to prepare samples for immunostaining and

gene expression analysis.

The gene expression was assessed quantitatively by the same method as described in
Example 1. The result is shown in Fig. 64. The expressions of GalNAc4S8-6ST, and TGFp, type
I collagen, and aSMA, which are fibrogenesis markers, are enhanced in brain tissues in the
Parkinson's disease model. Meanwhile, the expression was significantly suppressed by
GalNAc4S-65T siRNA administration. This demonstrates that fibrotic changes in brain tissues
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combined with 1% atelocollagen (Koken Co.), which is a vehicle for
SiRNA, and the mixture 25 was administered at 200 I/head to the
peritoneal cavities of C57BL/6JcL mice (female, eight weeks old; CLEA
Japan Inc.). Two, three, and four days after administration, MPTP (Sigma
Aldrich Japan), which selectively destroys dopamine neurons, was
administered to the mice at 30 mg/kg (three times in total). The mice were
reared, and on day 8 of the experiment 100 | of 5 mg/ml BrdU (ZyMED
daab@ﬁat@fys&eosywaﬁaﬂﬁ@imewmsm)aheéaiw@is gafter one hour, the 30

mice wge g%%e&%?g % nd dheirRrains were 'So'agc%&roegmp?fe samples for

immunostaining and gene expression anal ysIS. The gene expre Slon was
SBE%@%E%{%%{F&&H%VB 8 S2H& method as described in Example 1.

The result is shown in Fig. 64. The expressions of GalINAc4S-6ST, and

[Eakide be shaolages: ansiasMAs whiek are-flrodenesisvRkeia i Btion in a
EoRancRs I RIEKLIRLES e S arkinsots digease model

d by

GalNARIES: BE5v RO SR FSHAR O P Rl ardss e Gremple 3 T
wvamagessiibgaid fissues AEr Gan baduppresseddi\GuiNibit#tgoBiagainst fibrogenesis

RIS Qnﬂ@a‘ KA NAEASHET J8.A0RRES RLINS RICSRHHAVERIGNANE: Fer

ful, for example asa tsfors ssing fibrotic changes
T T A A e
HEERATARI IR D o‘&&é‘ﬂ%@ﬁnﬁﬁ%&o‘ﬁaﬁﬁad?ee?W/Bﬁ&%é@&@%mﬁq%ﬁ@ms
whseasebatmide 4t ueadipyt MIPER Bralextisdeidsbelmiptes wate-drasiedtihydy (1:200

&%5@%1@%}9% Aaserbed RE B8y camprredistelegicalcubated at
feat res af rg viyo adnymstraﬂon of GalNAc4S-6ST against

rPBroge Sais of neurons I the brain. The resulting sections were fixed
with 498PEA PSS ety beRebakdcredbrreaforaars s Fings. The
tihery washedigritis de iba izse:wat erodrsani<i hnabtastiah htihoayo(ER flHRBlasts

A9 Hilution BMALWasiRddR: AR Qmo@wﬂ@;xoaﬂ&gba%aﬂ%b SrSRCPhShe
vf\)/ergilncuba d at 4&overn gh#% %n an Ale ‘%%f E’ﬁ % ‘gt anti- &a NAcAS
LT, B OGBS RSt we Sl e esto c48-
53%88% gﬁﬂi%ere%t@h%rﬁfé%édﬁén%}téaoa@ fosasapchatie morepresented
iBRIER 7 I sihagesnalstisduds tbiainaddoydthetiaetbask dasarfiad dheme model was
BRSPS IS &Py 181 3 QG ROSINE SiaRals AR ¢pLigaigd group

suggest intracranial infiltration of fibroblasts around the granular cortex in
the splenium of posterlor corpus callosum as compared to the control

CE&BMMSn@B&I&nRMmMa m@t&i mmﬁtrdwenbed above
demongjates &E@gg%m&% 5%95@%5&%8%36&&Jﬁ%ﬁ%&%{&éﬂ%ﬁﬁh@

rain tissues induced in the mouse Parkinson's disease model was

sffafﬁﬁ%cg%ﬂy i St 1 A LIRS S S LR s s
SN Beq Ex i pre6Blcwsassipenbet thEsunerbtddbvalnifégtatipn of GalNAc4S-

SSaLNAA B0 BisAnrabtmealitna GO Aodich e BsPAHIREORISS the
ISRz QQEHQQH‘?&QO@%\H%EE neurons as well as enhances the regeneration of the

neurons, and Nurrl, which is a factor for forming dopamine neurons (Fig. 66). This result

suggests that the regeneration of dopamine neurons in brain tissues can be stimulated by
inhibiting the expression of GalNAc4S-65T.

The agents of the present invention are thus useful, for example, as agents for

stimulating the regeneration of dopamine neurons in brain tissues.

{Example 67] Assessment of the neuroprotective effect of GalNAc4S-6ST siRNA treatment in a
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25 Next, to assess whether the above-described fibrogenesis was
associated with the decrease of neurons, the expression of nerve
regeneration-related genes in brain tissues was quantified by the same
method as described in Example 64. Tz administration of GalINAc4S-

6ST siRNA resulted in enhanced expression of GDNF, which is a factor
that regulates the survival and differentiation of dopamine neurons as well -
as enhances the regeneration of the 30 neurons, and Nurrl, which is a
mﬁbﬁmmnﬂm@nmmsﬂ@dﬁﬁd Bhigresult suggests that

the reg@@e@ﬂg% BRAMUNE ASUIARS IBREAIN HE3HES.6R0 NeSIIMUIRIE res of the
ressmn of Ga NA 4S-6ST. The aﬁﬁnts of the gxesent

In itin

en?o?ﬁssélres%ﬁllf GERIOTS &t Séad%W%df‘Eﬁm’é‘ OFATRRg féne sections with
%@@Mﬁt@%ﬁdﬁeaﬁ% hedrRDieHS m?aiﬁateedee Igsitpxainphee?]. Tyrosine
Assessme(THf the aeytopibiective effeetdboaliNAE4or&HS his Rd¥Amine. The

éé%ﬁ&%@éﬂ&é&% ﬁgwé-{@elﬁbd qg%&ﬁ@mre%?p@'gm%fﬂggnem 4% PFA-

P naIIy rlfy the result scribed above in't
AR LIS TN R (P bRt R CaBi o vt A
THelYé Wweitesdnb jistairikigedohenairm avabrond bf @Héie?e@ndiﬁbm@herahwas added as
hatibodyyagdshiyrdsinesiyidiexyasecuwhicd i R markesdandoRamieeour. An

ﬁli%%%s TM&%&A}VQ&?%@%@ME&& @@@d%ﬂ@ém% }@ R%]ag']added as the

ursoy into dopamine. The sections prepare
ST R e R G R e
buffer (NistsataicPeisepzey for therconimpitesrarddired fadted Svithlderohizodated
Wodies.ofe ii@biﬁl@ﬂié‘%?Q&ﬁ@%{h@iﬁ&@ﬂl%@@aﬁ@m@ﬂ@' Qﬂ‘&@x@%ﬁﬂr&&on of tyrosine
MEQ xSalhiogham) wasadd! cs%c&ﬂ@@gma% %;/th% t%% group.

CthﬂS W re mcubated at room temperature for one OUI'

b SR dBnRkE R B TRA Rt li%snaqﬁa{mrwﬁﬂ;@éﬁ?dmg
wageataded ME Theclseemhivdestantibdoyaraind therssction shwetteiheubatetonger

dreomdespaniieiocaivnirstesT Histologiaalineaess i the-Sortal untreated
%&%Hsa ﬁqmenﬁl GelNASdRPRE @N%g aeg.droups.are shown in Fig. 87 hieved

e original images are in color), Normal expression Bt yro
W&w&em&é’%%%&m%e §G’ﬁé’ﬁ8P’86Tﬁ“&tﬂﬁ§%@Mrﬁﬁﬁﬁ8NA
control Froapertsoktbapetsité inthentigreat fbntheeddpfessiemniassmgativerin
theruntreatecarabpo i distindingustiggests that MPTP selectively
destroyed dopamine neurons. On the other hand, a stronger signal was
confirmed in the GalNAc4S GST S|RNA treated as compared to the
[ﬁﬁ?&&%&é

b ..... : ORLOtE dieat of GalNACST SIENA-reatment in a

; ; \abistymeress A T fibrotic changes
by in vnz-gr M@B@H@&Eg é&a@dx\%&ﬁ@{aﬁ&%‘é@ 20:Ehe-apents o548 71 /67cL

ieeeLiIvEnen, are&@gsmlé?%fwjf% D R S St PAR P e of

mine neuron, [Exam
ﬁéﬁéﬁ?&%étl@é@ﬁé@gfz@éil@ &?ré%%ﬁ%@@%?@@é&é@emwwid}

mousePatkingbri% diskastaprodBloirduted BRI Pvehicle for siRNA, and the
resulting mixture was administered at 200 ul/head to the peritoneal cavities of CS7BL/6JcL mice
(female, eight weeks old; CLEA Japan Inc.). Two, three, and four days afier administration,
MPTP (Sigma Aldrich Japan), which selectively destroys dopamine neurons, was administered
to the mice at 30 mg/kg (three times in total). The mice were reared, and on day § of the
experiment 100 pl of 5 mg/m] BrdU (ZyMED Laboratory Inc.) was administered into the tajl
vein. Affer one hour, the mice were dissected and their brains were isolated to prepare samples
for immunostaining and gene expression analysis.

The resulting sections were immunostained with an anti-TH antibody by the same
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25 By the same procedure as described in Example 64, gestational day

14 of C57BL/6JcL mice (CLEA Japan Inc.) were reared and allowed to
deliver. 1 g of GalNACST (a mixture of GalNAc4ST-1, GalNAc4ST-2,

and GALNACA4S-6ST cocktail sequences) siRNAs (GeneWorld) was
combined with 1% atelocollagen (Koken Co.), which is a vehicle for

SiRNA, and the resulting mixture was administered at 200 pl/head to the
peritoneal cavities of C57BL/6JcL mice 30 (female, eight weeks old; CLEA
dapad Padschva HFeenaiad foundasiaftemadminsiratnThMRIR (Sigmarated

émmgm& o%*t@ S8 %&H\e M%Sﬁr%ﬁ nggpa%%ggxf%e@%w%r&ﬁh@mm SIRNA-

administered_to the mice at 3 ree times n tot a € mice were

TNy SReGErE! %ﬂ]&fﬁ@éﬁ%ﬁ At WeoePB R BRaip e of
depsormonyhves) cwab:admrrid tereshimtosthentafinsweifibsiten cmeleduriniibiting the
fﬁiﬁ@sﬂ@:ﬁ%ﬁﬁ%ﬁ@@@’ﬁmm&iﬂmgﬁﬂﬁ,\Mﬂf%iﬁplslﬁtﬁg Bﬁprepare samples 35
or immnostaini ssion.ana e res t|n Sec
were e e AR, S R O SERAE

HERLFSRE RTEERHPRYd e result is shown in Fig. 68. The result

demonstrated that the reduction of TH-positive dopamine neurons was
BuRRIERSE HdhenGal b FraiRM A tisried OosRoSRAGHICANNIKS retinopathy
%X%E‘Hlﬁuced I %%590”9'”"6% patdungt %f&%‘é‘%ﬁ of dopamine

ved via Suf rillary tangle by

O
|nh|b|t|nﬁ%@18“é&fﬁ?é§‘éféﬁ73f“é CINRiER §T-E G anmArnsTer: wargd and allowed to
@wﬁ&NAtﬂS&@ﬁIfSﬂdp@agerﬂSI@Mh&} presehtiutvientibnadne tvtisadse 20, fohead to

sef@HaEHpD@yst ﬁ%?ﬁl@ if?ﬁBiU?%ﬁfﬁﬂ%g t’ﬁ%ﬁ@ Wé@é%é&?{glﬁgﬁ%%@ﬁ@%t%d CE-2

0 SUiTatase .in e |

o i‘?%??} A T N
@%‘Z%.&ﬁaw sy 17 BEPRITBINC MsEYCRER Repah Wsek) phepsiro-4-

desuth”ebag craowé04toultedpeg (20 Omgindl Stileptdadin (GkGNIR isas:d at 4 units’head

SHREIARaPHS! émm&%&n%%&%@ﬁaqrﬁ% ROsRAALP AN 2L TALE 2 week four

57B /%J%Ie_e >] |ce %%Esr§§£%90 |th telglrerll\/vact’ % d CE 2 %let
ap an eg)unat)(l were four wee s old, and the ' StRTifE

Wﬁt‘éﬁnaw%%w% F%%BB‘ﬂéP (@m&hﬁﬁéﬁﬁfmw%ﬁ@%ﬁequem two
weeks. {irthis skcantlsvwdoks chendepadeddesnl fat nglerd \wychiOd-Jifatasens were

@@@mtaalaééﬁl@gﬁmﬁmw%mg@ﬁf@@l&t ﬁ@@%ﬁ’%ﬁ@d%ﬁﬁ%ﬂﬁé ate
e puitrer min red Into ea
g{l?’[o plilgen .an ant c\ﬁlonsdrogi(siu%? éyrot?gi arp g{é#? \RI%? ;é %?6 mouse

week four times two wee a eye

mps@féplb%mﬂgmvpé%@mﬁ%ﬁmg@@amﬂw%ﬁywmﬁé@ﬂwd the
effechofcd-Rulfbiage: 20:€ ryabloske-doose ttionsNeerahprepatide-framibe

isglaied.exe.halls o;m%zﬁgEtﬁ%ﬂﬁrﬁlo%@%t\é{w}@@@%;@ gga@rﬁé@md for mouse

Ja an? for ten,m énute éev washed wit ate

05
0naf:]iro|1i1|1?i°sfpl’fa’t1e 8feog?y%%rﬂe(&§/ﬁ’i§)eg%ﬁﬁ%d§}“(% 8%%@%6“ strate (Nichires
ﬁﬁ@a@én%naémmwﬁmwbw@ﬁﬂm%mhghﬁ@:@@ssmga@aé@wméems)
primary tintidiseiycahidithe st plionsver elioeuliatg. ab (garrigmpenaisdeare in color).

fﬁrtHQEﬁ%%ﬂd’%ﬁ?ﬁp}b@%ﬂ%%ﬁ&@g%ewly found in the vitreous side of the retina.

In contrast, the intensity of C856 is reduced in the enzyme-treated group. C856 is an antibody

that recognizes a sulfate group, and the reduction is suggested to reflect a decrease of sulfate
groups at position 4. The result described above demonstrates that the induced deposition of
CSPG in retinal tissues is suppressed via modification by in vive administration of C4-sulfatase.
C4-sulfatase is an enzyme that desuifates GallNAc at position 4. Thus, it was
demonstrated that tissue fibrogenesis at the biological level could be suppressed by inhibiting the
sulfation of GalNAc at position 4. Specifically, desulfating enzymes for the sulfate group of
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25 reaction was carried out using a Histofine Mouse Stain kit (Nichirei
Biosciences; used for mouse monoclonal antibody), and color
development was performed by adding DAB substrate (Nichirei
Biosciences). The samples were obsengad under a light microscope
(Leica Microsystems). The obtained histological pictures are shown in Fig.
69 (the original images are in color). In the untreated group,
CS56-positive signals are newly found in the vitreous side of the retina. 30
(rlbbniragiesthien Atersityfof £ 850 Sivediaed dnnthsiezyme-treated group.
CS56 is an antibody that recognizes a sulfate group, and the reduction is
@:ré%%?zt% Q reflect a de rea e of ulfa_ roups at posrtron ﬁ The result "

4 sulaec@ﬁswseysrae@mmd@at d@ﬁﬁﬁé&&ﬁ@@tﬁﬂ%&twereﬁxed with
RRRIHOPs A Wil a?;ﬁratq@;tqrratr?ete%@@t#\%@éﬁ%ﬁ@%@g&t Ht%fer Arat

biglogi Iev suppressed by inhi e_sultation of GalN
araseﬁr@rr an%é&eﬁ?eg%n&%%@raa AL R e e TG B e e
GEINAengbpésitichtlze aretleeettﬁrasrmge@tedfmmenemeemmmtﬁgrsa.nﬁEixam plgen, a
d8lkbssessmentiabdhe affest pg‘tceﬂﬁswat@rsedo A1NRUSBINEe 2 mab@atirbnal Inc.)

&%E%ﬁﬁ’@é%ﬂ@?é%%hﬁ&%“&% 5{§&rhe FRIOZORGI 34D d@ﬁn%'t% [lyaRcar Enferature for

endothelial cell prolifefation sections prepare e same

BB IS T BRI BS R erre@rrratﬂd&ﬁ%rp the samples.
TShpemnyior vesreminetess) wiidrth Bphvashetapithphosdhatevetie). Alaobtained
aetﬁﬁg&auﬁr@eee@ﬁmellta@tm (L2310 4 k&liQ&oBh@Héi ﬂﬁ@fﬂ:)s show
WATAJHed &S, % 5%9”: Y, 20l Psoxgéfg I%Q;%é%e segilonsy Wesr% *Brlre eS8t and some

room temperature rone hour. Then. a_don ey peroxi ase-l

SSRGS ARy %dlatraﬁbe bAoA |%rerrraﬁatardrﬁeef Hepfaggmodel

uddetd ths thesdoprrtalijematiioodyyamathihe debtitnsverstncutlatedvathe

éﬁ@éﬂd&ﬁﬂ@@ﬁfﬁ@nﬁﬂéﬁ@&@ﬁtﬂbﬁdd gs. tﬁéﬁ@frﬂh beH Qﬁ@@?llﬁt_ Eﬂﬁsﬁth iSHBSEAIAs significantly
irej Biosciences).was added.to the sa e les, were

R A ”égé e AU ATREEE eSO T gt thar e

ASRBRS Gicdspidture étréighrattrrtﬁq@raasré rtﬁéedﬁerﬁar s 96 e dBRPE 2

Thecimagesishoivhihaictheoiienbenef CO&d spesitiverced suassied reasbdinistering

rutbgvitrgous side of the retina and some 15 of them were protruded into

the v'trgsgj Wide weaied giaup Tisindiates hate mode) Jefleds

the sta prepf eratr thy'in retin y an OWsS
Hiefub et 6‘FHHE%Sﬁﬁt$d’éP1tfﬁé%W%HﬁéktH%‘ﬁﬁ?%er of CD31-positive
cells was significantly reduced in the corresponding region in the

%&Zﬁ\‘ﬂ%ﬁ:‘ﬁﬂ@@%gﬂ?&iﬁ oNIBWRe &3 sugdested th %&ﬁ%&&%@%ﬁi‘em retinopathy
ar end ths ial celts IS mcreased |nft e vitreous ? e.of the retlna in

0 C trept colla e -prolitera t
be suppresesdy a@ﬁtﬁt%terthgsw %trttsﬁ%eé d@ﬁééﬁdﬁl@*%ﬁ fativrge fixed with
eczym €S forath&isuif deagy durpeatpiasitiaredti ahéa alhiAsiareh piefpthas afer. A rabbit

agentjorsuppIessingRrolite qet@trcamtdaloagn\rsﬁeet%daédté@@wﬁﬂmeody, and

éssegslcr)n senwte(r)g }rt]c%beaftfeedc'c%?oc% tgrhjggi'%%%% g?)raorrtre%use tXpe 5 dc{gs%elage}ed anti-rabbit
IgG antlbody (1:200 dilution; Jackson ImmunoResearch) was added as the secondary antibody,

and the sections were incubated at room temperature for 30 minutes. Afier incubation, DAB

our, PEroxl

substrate (Nichirei) was added to the samples. The samples were observed under a light
microscope (Leica Microsystems).
The obtained histological pictures are shown in Fig. 71 (the original images are in color).

In the untreated group, type IV collagen-positive signals were increased in the vitreous side of
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model. induced by Streptozotocin: suppression of collagen-proliferative
alteration The sections prepared by the same method as described in
Example 69 were fixed with acetone (Sigma Aldrich Japan) for ten

minutes, and then washed with phosph&te buffer. A rabbit anti-type IV
collagen antibody (1:250 dilution; Sigma) was added as the primary

antibody, and 30 the sections were incubated at room temperature for one
hour. A peroxidase-labeled anti-rabbit 1gG antibody (1:200 dilution;
tacksontihmtangddesedikdh) twamadde dasithersecoadasy atbody Tdneuggests

waﬁsf&g%% el IRCUPAEAA LORINICMNBLAINE 1L 30 MINUIES, £ N contrast,
I;RP ?ﬂ L sfu straggéNlchlr ) was added to the samples. &
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ipagesberd moadobut i el pated giodRatypestyreallagenfaasiivering C4-
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parallel_to the i ternal limiting mem he retina. This sug 4gests

morph BT AP A eSS AT ER (PR B AT I8 HRGHRiAC are

EehH ge senichntrasinaypee M@@H&gmiwmﬁ@ratlon was markedly

suppressed in the corresponding region in the enzyme-treated group.

isgemenstiaiedd %hf%?@dl&& laggn Roliferalion is.ehservedining.s

ype dlabete the collagen praliferation_can be su

be suppressed by
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sufaaze grobp lincpositionedsed G Edmpler @2 tisefisingstagoints folidetdtingn the above-
fypeiR-digpeticikainopaiiy. nliod Example Eﬂch@ga@i@a{qﬁgm{msts in
m&yg;t&&w§%% 9&@9@}&3 ModaLmausenthg a{% escgl GEflec péys,imam in Fig.

tissue. infiltration of fiproblasts as an |nd|cator of C4- sulfatase on t

{ralPHEronay wﬁbﬁﬁ@wﬂmﬁﬁﬁ@tﬁéﬂﬁ%@iﬂgﬁ%ﬁ%sfaapfr&#ﬁwlie the degree

effdvebidesufibad ayperdintdtedimbdeinfitsdEramphesif 9s tbnpared to the
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FoANoAR ARSCLRER 20RYE AR ARONA LT (S Z%Smf"“f?“?n of many

asts waso served |nt € untreated group a W e t e deF?ree

of flbroﬁﬁﬁ it H e ey m{h%%%%wwafea% pl4c are
cefuparegttts the sumtresaieniigrovipst Tiidstiggests that C4-sulfatase has

the pharmacological effect of suppressing fibroblast infiltration and this

Eéj(e&[ E Egﬁz. Iae fantl flbrﬁ)emc 1:%ff ct. rS? mﬂg%lgb c%sulfgt ng

dECs 11 .
nzy ultate group at poSItor 2 SIRAT 3 0U

agents %Péab priagmg e ?ﬁ%@%ﬁ&ﬁ&ﬁ&ﬁl@@m @fmﬁwfaﬁa Angpdicator)
pi&cropliigesmtihd trrerapfasypecd dialyetedindellmoasédiehe above-described

%@ﬂimafeaeﬁﬁe@t(@mﬁg&&@ﬁ mftﬁf%&acgfpeaagﬁﬁaaﬁﬁﬁ@%@ﬁmng, and
n Cv%g?g) Pac%zlvegl a %Se OB]OQ ci%%rgg %b%%sezlsa%g? usmi%glg l}g mﬁltratmn of

COﬁ ected from the above- ESCI‘I e es mo

(@%rﬁﬁ%@é@ﬂ%@?@%ﬁm& e aéﬁaﬂm Tran e Eesdiibe arﬁepeaé I§HETe
Meachigvetidde the: niethodsides tribediabowe. réd:shibivmhin(Bigulfdase-treated group

IRFUGANRRIQD the untreated group. This result suggests that Cd-sulfatase has the
pharmacological effect of suppressing macrophage infiltration and this effect contributes to the
anti-inflammatory effect.

Specifically, desulfating enzymes for the sulfate group at position 4 of GalNAc are
useful as agents for suppressing macrophage infiltration or as anti-inflammatory agents.

[Example 74] Serum biochemical test findings on tvpe 2 diabetes model mice

An additional analysis was carried out in Example 74 to supplement the resulis of
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many macrophages accompanying spot formation was observed in the
untreated group. Meanwhile, the degree of macrophage infiltration was
reduced in the C4-sulfatase-treated group as compared to the untreated

group. This result suggests that C4-sulfitase has the 30 pharmacological

effect of suppressing macrophage infiltration and this effect contributes to

the anti-inflammatory effect. Specifically, desulfating enzymes for the

sulfate group at position 4 of GalNAc are useful as agents for

sxpoprles Sihgpiacrdphsdgeninfittratiyadorspaantkinflatumdtone &48Htandalanine
dnRReref Ak BRI LD ﬁ&bamﬁm%mm% Rty dtiabetesimadel indicator

fn} ?(E ethgl ggqaé anal SIS %?%@C{Fﬁ |n E)éam e 74 to%sglggf %;Toﬁei mice

tS o) xamp e ass aspar

%ﬁ@%?éﬁs?ékagée(ﬁgﬂﬁs laﬁ%fﬂaf%m -3 é’mnﬁsﬁa}ﬁgf@%@@fw@y itonrced. AST, ALT,
indicatorsdorliverdbdrictiennaerdddi acyilglyderob(b&rasuan mndwaiaredas the control

éﬂél% rfﬁl@;?bpﬂ%ﬂi@ QﬁeESﬁE?eé%aH @&EEQAS:!;EAB? %I%tpyg gﬂﬁ%%ﬁ%@’ﬁ%g suppressed
ice, (Exam e result is shown in Fi
%8?e§m|cat?f3€§ e%%drér ot t(?&rc@ %”Ip arlllﬂt:f:&e g‘ﬂ"i)en%édesw
Q@ﬁ@ﬁé&%’@é&ﬂ%ﬁé&%ﬁ%}&ﬁé&f Erempies: ﬁ’é al dantpesesing ﬂ*fé eitrey function is
mresempe(hdus. t%am%ﬂérmxmém&mw eBdcls S EQMakges

tended@%&%ﬂ@p&%ﬁfgﬁq éf’éfﬂfé@ﬁ?a{é gt ARG 4B AR AC are
g9 Fl{;lsr&(‘ad rtls ?tyglrgaé%er SI The resu escribed above
supports Hiie resufts of xamp S ngeﬁ% suggesting that the liver

function is preserved due to the anti-fibrogenic and anti-inflammatory
Eftects of T Lanlfatasecl0SBOesilieatiyn debiifatingeriaynsssordhe, swiatenodel
SrIURBLROSIEQL. 4 g@ngpuseful as agents for treating liver
function.disorders. 75 arl on of CSPG expression in_brain
tISSUESIilI% a@glz}ﬁfrhf Tr‘ﬁﬁ th5 Féh%é’ﬁ@%‘&%ﬁ%’%&%@% MPDP,
BN EpmeEbpHie éib@ﬁﬁéhﬂsﬂhﬁﬂﬂs@ﬁahﬁ@b}é@@p%ﬂ%\i@)
prepari@g Banodet asiry MBPPY/mwhivhsigfarmetabielitalef Co.) was administered into
PRivkARnenylot Ak th@yﬁémfamgéra?eﬁ'}éfT@h&&l&@éﬁ@ @@%ﬁ TA%8 Inc.).

t| of 4 U/ %ﬁ sulf taseé{elk % %‘? as_administered into t
ﬁLFﬁbﬂﬁg&T&% L 2 S8 PBOSeL AL e e i i Seence
@LEN%&#?]?R@%‘%&&@W&W@WWWI@@@M@FM @aINWéMMBBIT(SIgma
SIRMNA g HeddaiginHystem Sciepke K@ dayand 1% atelocollagen was
pre-ad n@ﬂ@ﬁ{%ﬁ@&he@spg)%&e LAk A MERP é%m%ﬂ%&&&%g@%mpk is
was istered at 3 ry.day. The nucleqgtide Sequence o

a@% 13’:%% %@"’Ie%cﬁgﬁrg g f74da lﬁeﬁ?l@x%@]ﬁ?ple is shown
B@P@W,%Nﬂﬁé Gefoerdes é@@n@&%ﬁ@@m@ew@xéﬁ%{@w%buse
Ghllitaidd-S5E:si BNAG, (Genaddank accession number NM029935) 25

chagccg& ﬁé%ga%%%&%?gg ;$é %Q(SE D NO 91)
b%°é§fﬁ%§ﬂ:‘&%%&§§ﬁ%ﬁ‘&%‘&%u%d§ BRIEHIB NO: 92)

On day &, 100 pl of BrdU 5 pg/mL (ZyN/IED Laboratory.Inc) was administered into

mouse tail vein. One hour after administration, mice were dissected and their brains were

isolated to prepare samples for immunostaining and gene expression analysis. 1 ml of RNA-Bee
(TEL-TEST) was added to 50 mg each of excised organs (brains). The organs were crushed
using an electrical homogenizer (DIGITAL HOMOGENIZER; AS ONE), then, 200 ul of
chioroform (Sigma-Aldrich Japan) was added to the resulting suspension. The mixture was
gently mixed and then cooled on ice for about five minutes, and centrifuged in a centrifuge
(Centrifuge 5417R; Eppendorf) at 12,000 rpm and 4°C for 15 minutes. After centrifugation, 500

ul of the supernatant was transferred to a fresh eppendorf tube, and an equal volume of
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On day 8, 100 | of BrdU 5 Ilg/mL (ZyMED Laboratory.Inc) was
administered into mouse tail vein. One hour after administration, mice
were dissected and their brains were 30 isolated to prepare samples for
immunostaining and gene expression aRalysis. | ml of RNA-Bee
(TEL-TEST) was added to 50 mg each of excised organs (brains). The
organs were crushed using an electrical homogenizer (DIGITAL
HOMOGENIZER; AS ONE), then, 200 41 of chloroform (Sigma-Aldrich

Bapaniwbs etide dipmtha lreshifimgr vepensatththe mMikkiewas vgeilyed, and then
néaxerﬂg@mg&en 9 @&99@@%@9&9&;}“%@&5&% @&dc&&gér: g}ﬂf;%%{h% minutes,
arclnlflrr}%ttlays, After cerell%ni an. %%ﬁerﬁ ggsrgbnuﬁﬁ tgo txwgigtdi’é’ﬁ%cf’é’ﬁfga 48tgned
EPHEHAE tise vﬁﬁui el fi S pthanst §3iemapiisiah oS00Vt air-dricd for
Sigmaxtﬁddmhejapammmraﬁs:bemaemejmsumelsﬂnunqu@meﬂhﬁﬂﬁccumai Co.,

then tabahisr9an 100 VIHeoSM a5 RIS SLeiR-d e MPHII R Wag ncentrations
C eoI c’%ﬁ ice f W ttes nd thEn ce trlfug d at 12,000 rpm an
for 1 mlnuafmg RT B Clpl e 8%?&?%% § Sm%ﬁ‘é‘gﬁr@étﬁfﬁ%‘?r
WWB@@@FB‘?&W&@@OI (Sigma-Aldrich Japan) was air-dried for 5 30
minuteNtatomeRrencdne (HTRMAdis sl m@ﬁu&@ﬁ&ﬁﬂ&ﬁ%ﬂl&&ﬁ@ﬁ&%@dme The
Bhesmaceul i OISHiR,
o f?@ﬁ@;égeﬁggméaﬁg@c%ﬁ%e gﬁiﬁf@?@é@’@%ﬁ}tﬁ%&@?éﬁﬁ#@ KRs were
pia es(g oming Costan wers ﬁ#@ﬁ% &éf%s e?’n@ﬁ@?}?ﬁ{n ice for ten
Wxéﬁmmﬁa&?w@xﬁﬂaﬁ W R Taehibn tolotom symibesis)nvEd64 i of 25 mM
W&tﬂdrbgetb@ﬂ)ﬂéWﬁl@Wﬂéﬁ@wﬁroEB@ & coseentrativns @fiR gen), 10 wl of
aplained RNA e t
é&mﬂ g \ﬁl) ﬁ?g%gﬂ ﬂxﬁ%@«g gxoit}%l%, 65;51 (2 gr[}%Weverse

JI']r eated at 68C for three minutes in a BLOCK INCUB

COORSHRR S AT 8 F il B SRS REBHS G181 g Bl KR Breisile distilied
‘é’éﬁ%ﬁf&’i%‘érﬁﬁ@%d’rﬁt%%ub& Brapsanentiaid®1 2. WnvitebidriaPtedn pfpared in
Biviier(aitioden) Gb:phpko. TM Bikh@avwiedeakdla aBoHER MMENIFHR

itroge, f ) |l o
e %%T?fﬁgg%%%as@em@ro%%f?{ sl S sgeppo v o
9°% % TSR @ﬁs%ﬂ R e (e AR SAE R %%?hmga%& ¢DNAs in

@ﬁﬁﬁﬁ@ﬁfé%f@ﬁ]?@ﬁw}li_td )), which had been prepared in advance, was
added mMB@mB@ﬁerTb@ﬂwmléﬁSlwm%ﬁ%M &Kidrich Jatpan) 670 mM
%]H% i es
and then (c%gt%g% %i}r?gégf% eswe@ééfa\&s riV\(fel%)rgjaa it pgggdrqw g PCR
PLRARSRT A Lt L e Br gAY Eﬁl\ﬁmlﬁf’gﬁe)tﬁé fell @GSO (Sigma
Lingositen. Q%h&ﬁ@m@ﬁm@d@@wﬁmmlﬁﬁ mh v PNH4) RB@e (GeneWorld),
(S@M@fﬁb@ﬁ&ﬁo &%MW&%@{MMIPE&H&&HEMNHQ@”@ @[Gth%?Maql polymerase
i mercaptoe
gﬁ*z%%%% R AT Er%ﬁ%”éa%b%\f B B g
B QBé‘?ﬁ Té‘e??%fclf ﬁW{éF@S BIrEHFS r‘l’éf""@czfﬁll“éfsp?f‘?ﬁﬁjér 33°C for 45
RewersdGdneiloekdndes ABer theo&@tsmkaid istiler I8l fOdatisavere combined
Fhaonaseutisals e. Qhﬁuﬂrdgehjfaﬂs@%éa%éa 1(@@%@@:@@& qﬁaﬁﬁréph{’ef Agarose
ﬁ%t&%agﬁgqh%%ﬁ%ﬁgg 'Q@ 9t¥§p RLSa up1d%n1gus ANCE) at 100 V for

20 minutes. After electrophoresis, the gel was shaken for 20 minutes in a stain solution prepared

by 10,000 times diluting Ethidium Bromide (Invitrogen) with 1x LoTE (composition: 3 mM
Tris-HCI (pH 7.5) (Invitrogen), 0.2 mM EDTA (pH 7.5) (Sigma Aldrich Japan)). The gel was
photographed with EXILIM (CASIO) positioned on I-Scope WD (ADVANCE) and confirmed
the gene expression. Cryoblock preparation, immunostaining, and such were all achieved by the
methods described above.
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using Authorized Thermal Cycler (eppendorf) at 30 cycles of 94C for 45
seconds, 55C for 45 seconds, 72C for 60 seconds. After the reaction, the
obtained PCR products were combined with 2 Itl of Loading Dye
(Invitrogen). 1.5% agarose gel was preggdred using UltraPure Agarose 30
(Invitrogen), and the samples were electrophoresed in a Mupid-2 plus
(ADVANCE) at 100 V for 20 minutes. After electrophoresis, the gel was
shaken for 20 minutes in a stain solution prepared by 10,000 times
diluting Ethieliuess Brorhich? (Invithe &R Rvitidir ddPREk feonipdsition @ deias assessed
Hyiﬁnﬁﬁld@hbﬁ}éhéw&mgan)a&%ﬁc}%Jﬁ?@%ﬁﬁcisﬁA&}S(a[%m@yﬁ%l_%@gnuﬁm;

was ositioned o .
R R e 1 e G S LR K6 hcered o
M%?@;ﬁf@ﬁ&%%ﬁ%ﬁﬁ%%%ﬁ@%ﬁ%&%ﬁ%ﬁé %}W@@eww in the
{esuligthodsadlasgribpdrahrue H@dapFeoerpression of CSPG in the
MPDP induced Parkinson S disease model was assessed by
G 5

S JREISEEPE B EN, the untreated group as shown
in Flg . Meanmmmmmmefeqmawmmmﬂmmmcgs 6ST siRNA on

@ﬂﬁuﬁe@s%ﬂa@%gﬁ%aﬁ@k A6 HERPR AOHPm X AR TRlced Parkinson’s

&losgaaslézlggl(?n o do mln %Orl].'esl'(lirf‘:?l %{lera| lissues in a C?ZBll‘_Ogn h droxylase
mouse modeF%or ISease Induce )%k}ﬁg]l% 0 aSses g 4

pHAAvEeBlydicaP é?%é%%)@é@sﬁﬁ&a‘@é m@ﬂmﬁmmm @rp00 dilution;
I dlopaivetigiccnantiansnttealiz ationh ot opeini M riic poeitransdimiheyr
%B%@Qi@ %%Qr&@%'%@tﬁn@ﬁ%@ﬁ?sﬁ@?@@é’%%ﬁ@%é@ Q£ compared

t d T tibo
iR SR e et ﬁi?ilf%og ey i

rh%%@‘éfataﬁfrttﬁe@ee@m 8P EGBRIPD AL SHR M RIERO 7B saatysdsiope. The result
sigpeds fhatdepaminergicfReurorgdaralizetkinbriaimiissigesinese weakendiic
m%mgqasechm%%mmm% 1pde.the-pihesare %ﬁequanwh"e

there was né;?di ﬁeren&: of the§ﬁ%‘é§e S|gnal |nten5| “'E "
Ca-sulf&RSE e 8t Gioip andGen S 5?&}8%%% Gtiqg enzymes for
gsrvhigragpe wsfe@um %ﬁéﬁg, et GabNprete i esdtfion ere useful as agents for
egenaiationrepairipremaiing eftfgehnicopamingrghe reeuEemihpepaiueed

by b6 administrgtion of C4-sulfatase or the siRNA. Specifically, inhibitors

that act on GalNAc at position 4 or 6 (desulfating enzymes for 20 the
sulfate group at posmon 4 of GaINAc and GalNAc4S 6ST SIRNA) are

mmmwhmeqemmu@m/mm m‘ocx&ogmue@bgfwwons [Example 77]

Analysig:of ipflam ‘El@gﬁﬂ»;%%ﬁga%%‘é‘f?@é&”é?%&’@dfi‘a%@%]ﬁsékﬁ%@s?aﬁﬁ otal
57BL/6JcL mou(?r?ﬁ] tﬁ%klnsons iIsease model induced

by M
S BRI RSB 8%@8?5%?‘&165%%3%%%5%&6& to prepare
SirneActoeak @NA@W@YEMM@@I dnd fife amétho exgosedbed BWOverommalyzed by

esanne:SRIR |65 Uk #aHEPARe SYBR Premix Kit (TAKARA BIO INC.) and Real-
time PCR thermal cycler DICE (TAKARA BIO INC.) were used. Conditions of PCR reaction
was: 95°C for 10 seconds, 40 cycles of 95°C for 5 seconds and 60°C for 30 seconds, finally,

melting curve analysis was conducied. Nucleotide sequences of primers used in the quantitative
PCR were described below.

mouse B actin (TAKARA BIO INC.)
Forward: 5’-CATCCGTAAAGACCTCTATGCCAAC -3’ (SEQ ID NO: 93)
Reverse: 5’-ATGGAGCCACCGATCCACA -37 (SEQ ID NO: 94)
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tissue sections described in Examples 75 and 76, and the expression of
TNF-a was analyzed by quantitative PCR. For quantitative PCR, SYBR
Premix Kit (TAKARA BIO INC.) and Real 30 time PCR thermal cycler
DICE (TAKARA BIO INC.) were used. @dnditions of PCR reaction was:
95C for 10 seconds, 40 cycles of 95C for 5 seconds and 60C for 30
seconds, finally, melting curve analysis was conducted. Nucleotide
sequences of prlmers used in the quantitative PCR were described
Nageos e (IENTAKARK 41 INC IN85)Forward:

&ﬁAIGCGEMW@mm@Cﬁ 361 D NO: 83) Reverse:

ﬁe&?@%@??ﬁﬁﬁﬁ% f@‘(&;—ﬁf@@@ﬁ@o%&% Tumor Necrosis

Factor (TNF-a) (TAKARA BIO INC

5'-CAG ﬁ@@%ﬂ@ﬂﬂ&ﬂ@ﬁﬂﬂ@?’@@&%ﬁﬁwwe%ﬂ iRthpdrdpsuifatase-

530 TOG R GGOTEOTNCOTIREY(SEQ. IDINMOVEE) s shewhrimpFgodiy pnly

m@a@r@ﬁmﬁﬂ%@w@%@m nHb e G-suliatRserS I eaiRdstrates that
%&aqgﬁgga%%%rg% he "fxn%ree?t g g aLnBHMeanwhlIe the gene therapy

group on owe uppressing the expression. The result

descnb%laf%{ﬁaw d’éﬁ‘f&fﬁ%?é@’fﬁ%st fos e sptcE pRstthesitiqr ftp OFalNAc are

suppressingrifftammwatiegeBpecifically, desulfating enzymes for the sulfate
group at position 4 of GalNAc are useful as anti-inflammatory agents. 10

M%’S inflammatﬁo{% drelateqr es for their expression

xamplg8
XbaI%II) 1OT~-TC1d] CIr 6§%%I‘ESSIOD 1 §a¥; 1issues in a
n tls
byl Lindueed iy MAREY in Example 73,

ExamlnmlmmMammmhhmﬁmsglmIEmma $3aendrnmioived dorifeted using
Eﬁﬁ@{m %fyéﬁa@tmmvg@m%%ﬁr@éﬁmmi Iéﬁ?@ﬁ@@k&&&% this
ects o a eva ea
esc% E%Uagr?tl AP%%%Sﬁe rcg;élj%%\? ‘gdesgé% cfrl:?eel %ﬂhelg%
HM@J&#&%@F&R&@@ rgraliEs detrsibed Rﬁi%?éa?%ééﬁf‘@ﬁ% mrmwaof primers
Beduape Asiodiovzer 2 (Nurrl ): (TAKARA BIO INC.) Forward:

ﬁh%é%@&&&@@%%@%%ﬁ%ﬂég%gﬁg T%de&@g?’%%efsiﬁ% )
Wn |

g&ﬁﬁ%@%ﬁ@ 8%@”?%9 | |cané\‘y eI vated in the C4-

Eeﬁﬁésé M&%%%B%E%&%@Pgﬁo&%ma%u to the

untreated growupitF<d. 080 ihe éﬁdpkfemu]ew ppolts thezsestiftasdyibrdaad in the C4-
Eﬁﬁmﬁ@ria@ea@%ﬁrﬁ QI\MSgHE&% flepa ;g& E@Hﬁ%d%%(iﬂﬂ&aﬁﬁ?&o% (P<0.001).

Sl el e R b SN i HTTGES AR

WW}@&M@&PB@E%&% W(’d@%@ﬂ%ﬁﬁgﬂmwng effect by administration
of C4-sulfatase or the siRINA.

Specifically, inhibitors that act on GalNAc at position 4 or 6 (desulfating enzymes for
the sulfate group at position 4 of GalNAc, and GalNAc4S-6ST siRINA) are useful as agents for
protecting dopaminergic neurons or as agents for promoting the regeneration/repair of
dopaminergic neurons.

RS B "‘u; SEib

Industrial Aoplicability

The present invention provides agents for suppressing fibrogenesis at the physiological
tissue level through inhibiting the functions of sugar chain-related genes. The agents are useful
for treating or preventing tissue fibrogenic disorders.

Chronic tissue fibrogenesis (fibrogenic tissue alterations) can develop in any organ in

the body, and is a general term for a group of diseases that cause organ dysfunctions, leading to
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the sulfate group at position 4 of GalNAc, and GalNAc4S-6ST siRNA)
are useful as agents for protecting dopaminergic neurons or as agents for
promoting the regeneration/repair of dopaminergic neurons. 30 Industrial
Applicability The present invention provites agents for suppressing
fibrogenesis at the physiological tissue level through inhibiting the
functions of sugar chain-related genes. The agents are useful for treating
or preventing tissue fibrogenic disorders. 35 Chronic tissue fibrogenesis
drprogentovti¥some dltefalibnshean devedp sa%np®igan in the body, and is

a geneﬂﬂbi@g@ﬂimﬁ@ﬁ@yﬂ%g{%@%@@strﬁﬁh'ﬁ%tgég%?c%}’m%%mmn and can

lgading. t geat reyiew: Miynn TA nvest. 117:524-529,2007)
Fibro enlc dIS ergﬁa?gt oug hr?g% rmelrr?al SRRFEGR c?ﬁ?BntS a'group b

ﬂﬁ?Fﬁﬁ%ﬁ%%ﬁ”éﬁﬂf%%Wé@%mﬁlﬁnl%?ﬁy%ﬂgﬂ%htﬁébﬁmemlméwmuhmg
disbraiins!'s iw asgenetd tebmforagrddiseatedistiasassthabaalse Meganh as

Q&ﬁ%ﬂﬂ%ﬂﬂ@%&'%&%ﬁ%ﬁ%@&r&g eMRRS ANAINEHESMYING Beaths are caused by
func 1ons Ie sus ectedt be the ropot of diseas ith a high mortallty
e ABeied S

gene § 111 VI1EW, é%tglﬁiﬁ)éﬁ; fgrhdxseasa are

rateCaUch a5 Cardiovastiitr and careBrov- M Put
W&Wi‘ﬁé?%@%%?%é&iﬁ%*a‘f@%ﬁu%@%@ﬂ%B@d@ﬁ@%ﬂﬁwﬁéﬁ@ﬁlmmﬂrﬁes
Wnuertithial didnjticauséfob jadiviisatieeathifran disaaseuitenssnmakizecd

iﬁ&%@&&!@%ﬂﬁd@%ﬁ% W@Q@%{rﬁﬁfh&' RECGRPERIS:SIR Qféd&&ﬁé&éféincer and
%ggéonalge(filrﬁtlog ébro el dI%OI‘ der suc%as cirrhosis, fifostu]
ulmon rosis, an roscf@? S5 - a W Fréﬁ?%?&@é‘ﬁ% iestyle

EPEH?B At s e sizaien T sty e cer aprid infaotisred pevalifbéhreatening
diefined(discHfibrogenis)distraeist- Rartitidarydesaatichanges ind |B§9§Mﬁadney

hxabits &@mﬂ@aéyfﬁ@ l%%%éﬁé&%@@&@é'% a8y @iﬁ&%@ﬂ% AQ % the
new life- hre 2ning  diseases dlse oncepts such as non- aco
e R EARGHIL IcH B9 SRS ARPTERD). PHE g e ony

%ﬁﬁﬁé‘%@%@%?@%&?f@é@ﬁ Wt?é@ll@’f?cﬂ@@@mns rufydetsettia Ifrapeutic method.
Thieneyof espatn isobigrihekrpeliid. agents for "fibrogenic disorders”. To

date, hqw&yﬁﬁe&QMeHM@H@gQ&ﬂﬂ%a{%P @bgf&@ﬂl\% aty %ggf\'éacp iSOt ers

{) re is.na fundamental theﬁﬁéoeutlc meth ISaveryu

erl}wlcto & SR SR ﬂﬁﬂ%ﬂﬁ%ﬁ %?ﬂd’é‘?fé’c?i"m B&gyymethod that
@Eﬁ?&é&iﬁr@m@&@ﬁ@é @mé@rﬁm@bmmﬁu@tﬁemfm resltiHgown.
dysfundiiong}tiasadraaaien m;aiete&m&wm@s&mﬁtﬂa@tys%%&@@@é%t only a
&@&89&%&91%985‘&&&“9&%9@5& B‘?J@J&QSQE&%%%‘H&?%%%%‘@’% Y&ty of life

Fibro genic dlsorderst lead to clinically mtract

@6{&) V\i?ons are not GRRYE %Ef&%ﬁsﬁw Jf HRSRPESut RREesTiRg agents. However,
ngé%m;wm@vmh@uan@mamm@ (@i s dteisare being
mf%ﬂmﬁ%tmémaﬁitﬁﬁbﬁ@w@lﬁﬂﬁﬁ@ﬁ%ﬁbﬁ@&oEﬁﬁ&'ﬁlﬁa@(ﬂ? ASokine inhibitors,

: r I {0 te. D, dlcgtee
e R S A R R

e Ry Eytldnedtmiitars )

The present inventors administered inhibitors that target sugar chain-related genes fo
subjects, which were model animals for fibrogenic disorders of various organs, in order to relieve
fibrogenic lesions and to restore organ function.

The fibrogenic disorders were definitively confirmed based on histopathological
features (inciuding immunostaining for fibrobiasts or collagen, and Masson staining). The
therapeutic effect (fibrogenesis inhibitory effect) was determined based on clinical symptoms
and the expression level of collagen in each organ, in addition to the histopathological features.

The therapeutic effect was proven by using as a technical method direct gene
knockdown with nucleic acid pharmaceuticals (siRINA) against sugar chain-related genes.
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TLR inhibitors, MMP inhibitors, and the like. Still, however, their efficacy
has not yet been established (review: Wynn TA, J. Clin. Invest. 117:
524-529, 2007). The present inventors administered inhibitors that target
sugar chain-related genes to subjects, ®hich were model animals for
fibrogenic disorders of various organs, in order to relieve 30 fibrogenic
lesions and to restore organ function. The fibrogenic disorders were
definitively confirmed based on histopathological features (including
immunostaining for fibroblasts or coll@gedivithd Masson staining). The
therapeutic effect (fibrogenesis inhibitory effect) was determined based on

Pllglﬁggu%ympc;géﬂgslsaﬁ%ﬁre?sm% é%?s%lo%%le' o) C‘Olla%earrll 11?; £& 1 %ga&égltor of

6%'0” to the histopa aitures era ettic
sb‘? E)ﬁ’B&/H?E’iﬂ%“adfsoéﬁtSENrﬁﬁ%tﬂﬁ@ﬂ’?BHWéﬁt gene knockdown with

nucleic acid pharmaceuticals (SiRNA) against sugar chain-related genes.
BTHe kM oF Llafntissmadibiagengsis supRISSSing: ﬁgﬁgen‘ééhé(& ggﬂ}gﬂﬁ?g?cal tissue.
as an ingredient an inhibitor of sulfation at position 4 or 6 of
N-acetylgalactosamine. 5 2. The agent of claim 1, which has an effect of

A5resihgf fliBybrcsie b by drinsiiesh tsdeactaiornb kb fiasdimction of a
o rovivémahg th frahfiton e &ath e aotirity df dnbibitngcthe fuaciiemefia
sulfotransferase that transfers a sulfate to position 4 or 6 of

e lactosamin The.agent of ¢ wherein the inhibitor is

g&%R%%? %;:ttlgﬁ%prgsgreeént S@bbﬁeg’s%‘.oﬁ“ W%ﬁ?gﬁ%ﬁ’ﬁa & gipession of the

R ezest et e BB RIBh AU o o et o foufiNctewalestst Gamirs.

agent of claim 1 or 2, wherein the inhibitor is a desulfating enzyme that

Qﬂé'@ﬁﬁ 8t cTh3Ppsitio Qrﬁe@frpﬂg NrageviY lemﬂg%gzﬁng nﬁt%ggﬂtfa%s at
any.on g%‘&ﬁ‘%&e‘ ;8{ treatlng or preventing a fibrogenic disorder. 7
vy me% screeni &q”lor 2 fselie fibrogenesis suppressing-agent, WhICh

comprises the step 20 of selecting a compound that inhibits sulfation at
(pdsitiepedtaf Gnyfohkatehilgalactdamingithas: eanstifites foeigalcchaifies.
A method of screening for a tissue fibrogenesis suppressing-agent, which
£Lompr f?)' e Steﬁ f: 25 a&: ntactln% a test compound with

ty

NEETS N ét%%%. s eoro a tés g 1Brogerics Smgﬁﬁagﬂgem which comprises the step

%&éﬁ%&&%@é@?ﬁﬁﬁé ﬂ(ﬁi)“ééb@ﬁﬁ%fﬁgl‘ﬂ@ hsiie bpstilfaliorretyisokitiorrbine that
angiofth-acetytgatactosamine; and (c) selecting a compound that

reduces the degree of sulfation as compared to when the test compound

ésg %e &a tsecgee%mg for a tissue fibro

: genesis suppressing-agent, which comprises the steps
of:

(a) contacting a test compound with N-acetylgalactosamine or a sugar chain comprising N-
acetylgalactosamine;

(b) determining the degree of sulfation at position 4 or 6 of N-acetylgalactosamine; and

(c) selecting a compound that reduces the degree of sulfation as compared to when the test
compound is not contacted.

- 9. A method of screening for a tissue fibrogenesis suppressing-agent, which comprises the steps

of:

(a) contacting a test compound with a sulfotransferase that transfers a sulfate to position 4 or 6 of
N-acetylgalactosamine;

(b) determining the sulfotransferase activity of the enzyme; and
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9. A method of screening for a tissue fibrogenesis suppressing-agent,

which comprises the steps of: (a) contacting a test compound with a
sulfotransferase that transfers a sulfate to position 4 or 6 of
N-acetylgalactosamine; 35 (b) determinfifg the sulfotransferase activity of

the enzyme; and 88 (c) selecting a compound that reduces the activity as
compared to when the test compound is not contacted. 10. A method of
screening for a tissue fibrogenesis suppressing-agent, which comprises
Hedtepas 8 Sroperedhecary e Beeesiipessemmirh e sthexpietssisgrapound is not
genetedcoding a sulfotransferase that transfers a sulfate to position 4 or 6

of N-acetylgalactosamine; (b) determining the expression level of the gene

the cell; c) selecting.a compound that reduces the expression level
B e e B T R o ot 1o NBCDSFEERgts e seps
98, A method of screening for a tissue fibrogenesis suppressing-agent,
{alhichtaomypsisesditepsiedsyai el comasting adest apipoundmithakelke tat
o pelextaetoRNalniBg A PNANDEIEHL AJ8RONEE. 15 gene is operably
L{S %de%?ﬁthg t{i%nscrlgtlona}}:ereg@?%ﬁ)g regio of_éw_e ene encoding a

UG HRSrERALE TR TP o “td' psiifion®or 6 of
Q- sRletyRmtsompavathbe( e ittt shierekpeb s fondenedsofothpared to when the
repoiesagen s anddahaedecting a compound that reduces the expression
level of the reporter gene as compared to when the test compound is not
}:&ontac%g. 20.12. A.method. o;{?roducing a pharmaceutical composition

ARG SF BPSTRREAL & HSHGEARE BIST CRP IR S HpAEES fBEtispsthe steps
of: (a) selecting a tissue fibrogenesis suppressing-agent from test
covMperNas Dy dhemethed.ahanylianedf laipscdniaidiby amNASHIrein a reporter

AR hi BH&Q&Q&%Q&@@EM@ &%@%%%?%&ﬂ%%%%%%&??% %gag%%g réncod'mg a

sulfotransferase that transfers a sulfate to position 4 or 6 of N-acetylgalactosamine;
(b) determining the expression level of the reporter gene; and

(c) selecting a compound that reduces the expression level of the reporter gene as compared to
when the test compound is not contacted.

12. A method of producing a pharmaceutical cornposition for treating or preventing a fibrogenic
disorder, which comprises the steps of:

(a} selecting a tissue fibrogenesis suppressing-agent from test compounds by the method of any
one of claims 7 to 11; and

(b) combining the agent with a pharmaceutically acceptable carrier.



