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the largest NOS isoform. This isoform is constitutively expressed mainly in neuronal cells and
in the brain and produces only low amounts of NO. The regulation of enzymatic activity is
30 mediated by Ca’" via calmodulin. However, its enzymatic activity is also influenced by
phosphorylation via Ca®" calmodulin-dependent protein kinase 2 as well as protein kinase A, C
and G. In the brain, NO is important for the regulation of signal transaction at synapsis.
Peripheral blood vessels and smooth muscle cells are often innervated by nerves which release
NO and act antagonistic to the sympathicus. Additionally, large amounts of nNOSs were

35  detected in skeletal muscle, in which NO controls muscle contractility and local blood flow.
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35 assumed that antiproliferated effects are mediated by ¢cGMP. Moreover, NO may have direct



30 Accordingly, nmeans and nethods of interacting with HEBP1 may be used in
order to regulate or change eNOS pronoter activity and/ or eNOS expression.
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Surprisingly, it was found that Heme binding protein 1 (HEBP1) is involved in the activation of
eNOS expression. Particularly, it was found that the activity of eNOS promoter was
significantly reduced when HEBP1 was switched off by RNA technology.
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Accordingly, means and methods of interacting with HEBP1 may be used in order to regulate

or change eNOS promoter activity and/or eNOS expression.

Therefore, in a first aspect, the present invention relates to a method of screening for a

35 modulator of endothelial NO synthase (eNOS) expression, the method comprising
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The variant may be a molecule having a domain composed of a naturally occurring HEBP1
protein and at least one further component. For example, the protein may be coupled to a
marker, such as a tag used for purification purposes (c.g. 6 His (or HexaHis) tag, Strep tag, HA
35  tag, c-myc tag or glutathione S-transferase (GST) tag). If a e.g. highly purified HEBP1 protein

or variant should be required, double or multiple markers (e.g. combinations of the above
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35  After the contacting of the test system with the agent, the effect of the agent on the test system

is detected. In the following, a series of different detection systems will be described in more
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520- 620 nmrange. The |um nescence signal is detected in a suitable reader.
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Exenpl ary test systens and their use are described in Exanple 1 to 4.
Preferably, the nmethod is adapted for high-through put screening. In this
met hod a wengm/msssker 5 of conpounds i s screened agai NPCTIHPR002YEIIBS | N
either cell-free or whol e-cell assays. Typically, these screenings are
carried out in 96 well plates using automated, robotic station based
technol ogies or in higher- density array ("chip") formats. In a
particul ar enbodi ment of the present inyention the test systemof the

i nvention further 10conprises an eNOS pronoter and/or one or nore
transcription factor(s) for the eNOS pronoter. The eNOCS pronoter is the
regul at i t 0 o1l

Gene. - ASCHdEERER o b Ber R Lo p e A ANAES PR AR abIE it
| acks ainglyglssiopaior TNTAWISINE R ERCICas 18 ér haamogsncausriseayvaigh grashia etapaweEe f or
Sp 1, Ehgs ne@_@s'%vfy. e doagdMs dnd &JHERIunds 68 DRPRkeA R Alcalipbd d be identified.
Known stinuli of eNOS transcription are for exanple sheer stress through
fl ow ng bl ood, hypoxia and agents such as estrogen and
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through bioconjugation. Between each step the plate is typically washed with a mild detergent
25  solution to remove any proteins or antibodies that are not specifically bound. After the final
wash step the plate is developed by adding an enzymatic substrate to produce a visible signal,
which indicates the quantity of antigen in the sample. Older ELISAs utilize chromogenic

substrates, though newer assays employ fluorogenic substrates with much higher sensitivity.

30  DELFIA (dissociation enhanced lanthanide fluoro immuno assay)-based assays are solid phase
assay. The antibody is usually labelled with Europium or another lanthanide and the Europium

fluorescence is detected after having washed away un-bound Europium-labelled antibodies.



l0affects a decrease of activity. Dephosphoryl ation processes are nedi ated
by phosphatases PPA2 and PP 1. Furthernore, it was shown that eNOS activity
may be newgeat2nwaleyesenf | uenced by protei n-protein interacPcorEP2@9g9eso8hr ough
association of the CGtermnal domain of G protein-coupled receptors 15
(e.g. bradykinine B2 receptor). In Yeast Two Hybrid Assays, a 34kDA protein
was identified and referred to as NOSIP (eNOS interacting protein). NOSIP
binds to the oxygen donmain of eNOS and jgronotes the translocation of enzyne
fromcal veolae into intracellular regions, |eading to reduced NO
production. The oxygen domain of eNOS was used as bait in order to identify
eNOS-interacting protein NOSTRIN (eNOS trafficking inducer). CNerexpression
of 20 NOSTRIN | ead to transl ocation o from Ias menbr ane, t
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cells and very stable. 30 In addition to HEBPL one or nore transcription
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decel eration of the course of disease etc. A prevention or preventive
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started treatnment treats a healt and nay lead to its cure, but
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?a}beis for %O'Eh anti odles s use hergm Wlt%h respect to donor and corresponding acceptor,

25  “corresponding” refers to an acceptor fluorescent moiety having an emission spectrum that
overlaps with the excitation spectrum of the donor. However, both signals should be separable
from each other. Accordingly, the wavelength maximum of the emission spectrum of the
acceptor should preferably be at least 30 nm, more preferably at least 50 nm, such as at least 80

nm, at least 100 nm or at least 150 nm greater than the wavelength maximum of the excitation

30 spectrum of the donor (see also Example 3.1).

Representative donor fluorescent moieties that can be used with various acceptor fluorescent



treatnments that reverse illnesses conpletely or end nedical problens
permanently. A further subject of the present invention relates to a nethod
of di agnosongiowesaedi ovascul ar di sease in a subject, thecrmprbadocspri sing
25 - determning the |level of HEBP1L nRNA or HEBP1 protein in a sanple
obtained fromthe subject, wherein an increased or decreased |evel of HEBP1
MRNA or HEBPl1 protein relative to a control is indicative of a

cardi ovascul ar disease. 30 As shown in hbhe exanples altered HEBP1 protein

| evel is associated with cardlovascular dlsease particularly heart failure
and/ or myocardi al infarction. Accordingly, the level of HEBP1 nRNA or HEBP1l
pr ot ei Nnioieties SANMFRE O htainokgyf imehade h@uswbjeact Lmaier b¥ cliew e Byphgdetythrar,der t o
detect a |l evel differing fron1a control |evel froma healthy subject
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be used,Ihe..t €5 Stqﬁ%i;aﬂﬁ tronetry refers to the use of an ionization
source to generate gas phase ions froma sanple on a surface and detecting
the 15 gas phase ions with a nass spectroneter. The term "| aser desorption
mass spectronetry” refers tQ the use of a | aser as n tion source to
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anal ytes. Another preferred nmethod is surface-enhanced | aser
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chem cal processin and a suitable matrix substrate. In mass spectronetry
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25  Specifically, they have a large stroke’s shift and extremely long emission half-lives (from

microseconds to milliseconds) when compared to more traditional fluorophores.

Usually, organic chromophores are used as acceptors. These include allophycocyanin (APC).
Suitable details on TR-FRET as well as acceptors are described in WO 98/15830.

30
Fluorescence polarisation (FP)-based assays are assays which use polarized light to excite

fluorescent substrate peptides in solution. These fluorescent peptides are free in solution and



the termsignal refers to the response generated by a bionolecule hitting
the detector of a mass spectroneter. The signal intensity correlates with

t he amunwoanioesesent rati on of the 35 bi onol ecul e. The ecgmEeRoivmcded i ned by
two val ues: an apparent nol ecul ar mass val ue and an intensity val ue
generated as described. The mass value is an elenental characteristic of
the WD 2010/ 063652PCT/ EP2009/ 065989 - 19 - bionol ecul e, whereas the
intensity value accords to a certain angunt or concentration of the

bi onol ecul e with the correspondi ng apparent nol ecul ar mass val ue. Thus, the
"signal" always refers to the properties of the bionolecule. 5

Al t er natunvigbycaukihg tipr @seted ¢éighne paamt idejyo lafiscdERPEnitine §ubstrite peptsdniihds wan be

obt ai ned and quantified using routine techni ques known to those skil| in
the art .ar%rm%&alﬂﬁué% t“ﬁﬁ’tflﬁédét% 8t geatht S?cgﬁ%@&éﬁfiit Ravitigd laght F%%}P%lsﬂ%%ﬂ}’
t est SangﬁEaﬁgéaM@%Ex%ﬂp%ﬁ4§° those skilled in the art. For exanple, the

presence and quantifi cat f HEPBL in a test sanple can be determ ned

usi ng an i mrunoassay. | mrunoassays typically conprise: (a) providing an

anti bod o) ntigen) that. 10 .specifically binds t.he bi omarker: (b
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i mrunol ogi cal bi ndi ng assays. Assays that can be used in_the present

i nveht i 6pMpewdyig @,rnbﬁgqledeua@nﬁhp dloneinbaadz Wi thisrgesmpounsnyners 8 e Agtionswily laser
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chem | usingks ©epgen. MFhicioas sayeptdrlbed)l i@ iaquratintigy, itiarsingks 9aygdnCtldhys avifhiolit er
medi a enzype. i nmupoassay, (MVEl A), a fluorescence-Iinked i nQsor bent assay
( FLI SA) Prosygingt ¢ ﬁ%&lﬁlors{?idﬁ%%a SESFPIA NP ATE {Lps%gbt P EBhBCEent ) MfINBaLays
(such agidihifedrUmeRRRIMoEBRMIE he £ bfomdTQuI&, 'Eﬂ%véiﬁglleto(f)x)ﬁbggﬁ r88RARE Ay the donor
i mmunoassays, see also, Methods 1n Cell Biology: Anti‘bodies in 8é|| Bi ol ogy

., vOb umbel7inftides 2 ledined@8&YluBasicuccacricadei ini thalne2by mroenddroggad( Baidingsto&
Ten, eds.,,7th . 1991). ney.a a test. sappl.e obtained,f.roma subject
can’ be. Dishiacrelifid cwnihin G TH56 RoEER R BHRPS oI s dnerarn 5
Opt i onakhihbld REJANFHDRLYe §amiPRhidkROAL PHA &ehdifuSURROULIMRS ePkL.,t1®94, Proc.
contacting the antibody with a test sanple to facilitate washi ng and

subsequétatl. Assl &ci.dASHP 1t HE2BHEOrpl ex. Exanpl es of solid supports include
glass or plastic in the formof, for exanple, a mcrotiter plate, a glass
m croscope slide or cover slip, a stick, a bead, or a mcrobead. After

i ncubat BRFG {daeyraafRigthewt thmpletichadbe)shbastd @ssaly X bt lcquivalcwasiiegs addbé eed in
anti body-antigen conplex formed can be detected. This can be acconpli shed
by i ncuB#tichigr tfae highsHsenghpyt serecrang \ift sorapeiwde cfhe B gemt is Pased on an

et L1 B RSISEDL YR 0By SRS MG el
| abel kaondwthd enzyme donor (ED). When the fragments are separated, there is no P-galactosidase
activity, but when the fragments are together they associate (complement) to form active
25 enzyme. The EFC assay utilizes an ED-analyte conjugate in which the analyte may be
recognized by a specific binding protein, such as an antibody or receptor. In the absence of the
specific binding protein, the ED-analyte conjugate is capable of complementing EA to form
active B-galactosidase, producing a positive luminescent signal. If the ED-analyte conjugate is
bound by a specific binding protein, complementation with EA is prevented, and there is no

30  signal. If free analyte is provided (in a sample), it will compete with the ED-analyte conjugate

for binding to the specific binding protein. Free analyte will release ED-analyte conjugate for



WO 2010/ 063652PCT/ EP2009/ 065989 - 20 - the art can be used. For exanple,
the detectable | abel can be a radioactive |abel (such as, e.g., 3 H5 125 15
35 s5 14 wb 28f/063&2P and 33 P), an enzymatic | abel (suclkrcagpdoonc@sanpl e,
hor ser adi sh peroxi dase, al kaline phosphatase, glucose 6-phosphate

dehydr ogenase, and the like), a chem |um nescent |abel (such as, for
exanpl e, acridiniumesters, acridiniumthioesters, 5 acridinium

sul f onani des, phenanthridinium esters, jum nal, isolumnol and the like), a
fluorescence | abel (such as, for exanple fluoresceln (for exanple,
5-fluorescein, 6- carboxyfluorescein, 3'6-carboxyfluorescein,

5( 6) - cacboplehlcntitios oeithn EA6- fredwdiy ar dgidl uepesdzei apon the amount of free analyte
6-tetrachl orofl uorescein, fluorescein isothiocyanate, and the |ike)),
rhodanlﬁgmaﬁHV Hﬁmwg%otelns, R-phycoerythrin, quantumdots (for exanple,
zinc sul fide-capped cadm um 10sel enide), a thernonmetric |abel, or an

i muno- pol ynerase chain reaction | abel. Throughout the assays, incubation
and/ or Waehhybgids s@psnimays ke modepuiar ebiohfely etecka@qine amd)itnadiismex)fpmteiagcentem

Fr ot abEras it Bt oS hstsonS KRBV binding) FHbbentro R ST
depend plnikPBehihdeharsEY theaBBatioR ARIWRIrcdRIEMBRA zend(9) ByTEnOhindRL Wi LN,

concentratlons and the like. Usually the assays will "be carried out "at
anbi ent traesepigrion (faeor anmh@mglnsttdaey aglayitibg S@qmnsret Eor dxﬁepulaomngfetvm-hybﬂd
tenperat ur es c H BP1
o or “deaste oS afRetlior cbiS St drisetd SoRFRRe e G S5 U o

rel ati Vaoﬁlamt(MD)(aﬁﬂfab@‘lfatmy&nﬁtﬁﬂmm) My BI®isahy deaaipl Ies@uslb&ubeblfnafngttbehe
detection of an altered |l evel of HEBP1 nRNA or HEBPl protein. However,

pr efler ablAS tkthe AR s the derapiarpipragiblefonactiyptinroRidsmstitiosanpl e, such as an
endot helial cell, particularly of the cardi ovascul ar system or a heart
cell. 25 As detail ed herei n, eNOS dysfunction and HEBP1 alterations are
parti culCarinymurelpesciritatiborcam usalfel theadentifantich o€ psecinRroafipdeallly pieeipitating
cardi ovascul ar, di sease is heart failure.and/ or myocardial infarction. 30 In
accor dafBe th?lﬁqFﬁ%Veﬁr@s@nFl 4 RYBReKoMdiiEms] mAsgPeReol disForyyey, g captured as

i dent i fieatdAncAf b iR GRMEBR prbRin 96 ﬁ‘ﬂ%?éés' %ﬁcéﬂ%ﬂr to! trh%%bélﬂc andbeEAR
i nvol ving eNOS dysfunction, particular a cardi ovascul ar " di sease.

Thenef or@nowadffromy Herbudkibglegon by cap’tmelwwlem argrbodgibatdesg potdimettached af a kHBP1
for the identifjcation of .a i reventi nd/.or, treati a

i Senos OB VP RSy S e Sr by Pngierr S i e g ottt B s o
VD 2010194265 3REHERSARSY RGAYaDteria 4hd reddaeYarwidendabiyel akivolisd. unabian, due

to dimnishing of nitric oxide in endothelial cells is one of the main
mechani issinftigd capduisifar praicseasproteim pemplex ethic seladipupgortds atapkadossEsrel baies to

T S R SO TR B Dol bRy M B ARTLE TRl o AP REL PRSP e

ot her chfonic 55%%8“% 518 gal ¢ dor |ng n%alﬁé%or may
be used ptdmﬁlth%dmr@téﬁf(ﬁ)l 09 th!itedl raﬁdlfaﬁel@ked)ﬁmﬁg gel 51@&&@%&@ €l QpdcErometry,

pat hophysi o | ogi cal conditions associated wth endothelial dysfunstion such
as di ab@teé‘r@mrb]prt}ntgu er any ﬁ%@?ft@rfgh%‘rﬂlethods for identifying constituents in the complex.

Thus, co-immunoprecipitation is a standard method to assess protein-protein interaction. A

suitable test system involving coimmunoprecipition is described in Example 1.

25  In another preferred embodiment of the invention the means for detecting the interaction
between the first and second protein may be adapted to measure one or more componets
downstream of HEBP1 in the signal cascade. The measuring may include the determination of
the concentration eNOS mRNA or eNOS protein or a reporter protein or mRNA. The
concentration may be measured in response to a potential modulator as described above. Means

30 and methods for determining concentrations of one or more nucleic acids or proteins are well
known to the skilled person and include such involving RT-PCR, mass spectrometry or FRET

(sce also Examples).



Preferably, the nedicanent alters, preferably increases, expression of

eNCS. 10 Also in accordance with the present invention, HEBP1 nay be used
for the dwbeotowsssef a conponent of eNOS signal transduetir@poodloesed ore, a
still further subject of the invention relates to the use of HEBP-1 for the
detection of a conponent of eNOS signal transduction. The detection of
further conponents may be carried out using the nethods described in the
exanpl es such as the use of HEBPl as baist, protein microarrays, siRNAs,
reporter systens, 15 mass spectronetry, affinity purification, SDS PACE,
etc. (see particularly Exanples 1 and 2, wherein HEBP1 is to be used as
bait). In these nethods, HEBPl is preferably human HEBP1l. HEBP1 can be used
in order. to detect binding partners and/or. conponpents of the upstream or
downst r E¥fMBlaghigst %ﬁf&ﬁ@&agffr%ﬁwﬁa@ %ﬁé@ﬂb@ﬁdwﬁxa@@% en@i‘4hg on the conponent

t he met hods descri bed above in the context of the screening nmethod of the
invention may be used in order to 20quantify or detect effects of
conponeRtferablybthe dedtbat 'Edtdapfedl for domgt- ﬂhmughlptu'; swtenpfg. finéhis nm‘élntiiadarge @babes to

t he use f HEBPL1 for the re i on ter ct|v

accor daREE RPH! ]dfh%scgs?e@%ﬁg hERsh ngaee CRI BT B h bspa. "popcally.
regul at en8NQSrcRhIARP RS c@&feHVd)thm &@%lfi?la@é}, LIRS UHRMAAL T BBSEo sREIBATIakQN
decrease, inhibitron, 25 and bl ockade of eNOS pronoter activity. Regul ation
of eNCSKﬁhEWQg@$OhﬁﬂnngydmmWyb@&méémp)ﬁbﬁn@er to regul ate eNOS expression
inacell, tissue or organ. Optionally, further conponents may be invol ved
in the regulation such as conpounds specifically regulating to HEBP-1 or
the e VE9 0 S e 57.

Exarrp:\lg? rﬁ%u%r g&f@lﬁ@tﬁwg ?esteAt E‘w%ﬁt?%n J[fhe tlépt %%{e%%la?? \?/hel ?@?ﬁﬁoﬁleialﬁPgr g
by g@nepD@mEﬁglneerlng) to a dlfferent gene 30 (e g. a reporter gene or
any other gensi ﬂmﬁ& wdlg® regul ate the expression of that gene by eNOS
pronoter and HEBPI. be used in order to sinulate eNOS expression
in cardlo%&@dﬁmaﬁeUB%?FPE@WéW“E@ﬂBFH@?@&@SI%@PP@Tfor research purposes,

medi cal purposes or any other purpose. For exanple, this construct could be

d i d d der t
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descri bi ng partlcuhgr iments only and i s not |nten ed

scope of YSPRROSBRULY Ohn? ﬁlv\m frapperipidon may bR&pdicRd dHeltq ﬂxstgﬁgata%@?mgt?m of

cl ai2os, IdvheeBitpgorIEDL ¥ eidremoanccrodifactoand "t he" include plural reference
unl ess the context clearly dictates otherwise. Simlarly, the words
"conprise", "contain" and "enconpass" are to be interpreted inclusively
rat her thsohemacd ubisrglion. oflirines ptveffactiedbioding sitéssie, hualan GNQS]géntalis shoavn by

sci ent i %%&rleé?é@%ﬁle@ 0%“)(1)(nf"‘§r1$ﬂ>§r (‘?@?ﬂlﬂﬁd’leﬂ[ﬁ &@éecééb ?d%t%ﬂ?d ?%%f?s d@&sa as

comonl y un er st 0o inary s in the a of the
i nvent i OPximpk %D@ﬁloé@fyo fristrasd eNQR BoRBt BY0 BOSEti ) Wgulaﬁorbrdowms\@mta oD

those degsd [&ﬁﬂﬁ&@?@b&lt‘f(ﬁ@ @@4/L95eﬁhd éMﬂh@liprI@ﬁ}ebﬁf@l@freIaﬁee E& gﬁeﬁﬁ*&nscn ption N

| mvent § Ot SIFURRSF 14 FARTFHe Ry SEHETT 1S90 MG EriTgur 84 SHE RApss

al t houghegullatovyl tlranb@flpﬁibdeﬁastbfsoﬂltlhlhathlstrbgioﬁJ Ylithérs PRI aﬁ&amoeﬁlvaqﬁoﬂemcﬂ)lﬂeted

e el Y e RSRG i ShehbhE P B RS, PR by dstidinbigeope
that eNOS transcription is regulated precisely by cornplex interaction of transcription factors.

30 Furthermore, a GATA binding site is located at position -230/-227, which is important for basal
eNOS transcription. In addition to thiese cis elements, a 269NT enhancer sequence, 4.9 kB
upstream the transcription start, was identified, whose function is regulated by AP2-, MAZ-,
Spl- and Ets-related factors in nucleoprotein complexes. However, the transcription factors
described above are mostly ubiquitous expressed proteins, which are not suitable for selective

35  eNOS regulation or control.



20 Fig. 1 shows Validation of different HEBPl-si RNAs at the nRNA | evel . The
rel ati ve HEBP1l- expression, normalized to GAPDH, was determ ned 24h after

t ransf ectwonromiosb#s2csr 03 cells (96-well format, n=4) w rhTEPe@9H689
TagManO- probes by quantitative RT-PCR (* p<0.05 vs. silLV2-control). siRNA
HEBP1 25 is capable of inhibiting HEBP1 gene transcription. 25 Fig. 2 shows
Swit ching-of f of HEBP1l using si RNA and subsequent neasurenent of pronoter
activation by AVE3085. This experinent (yas carried out in the 96-well

format (n=4). The measured chem | um nescence was nornalized to the total
cellular protein content. si RNA HEBP1 25 is capable of inhibiting eNOS
pronoter activation. 30 Fig. 3 shows Binding Studies of hemn and PPI X to
human Hexahi s- HEBP1 by tryptophan quenching. To a 0. 5pM HEBP1 sol ution hene
and PPI Rogiepescrnidentl aNQD mewhbe degdnaisd diy cisonstBenRiNo claankt. almedulia 3wl nin

ISRCUbat iR e R @#h @em{g asoaxﬁ@f«an%ﬁ o) Hﬁgg&gﬁ@uﬁﬁﬁﬁm%@m%@%@%Mg of
own a
2010/ oe%@%gge@/péﬁ% @6%19%8?“ @zgmpféh@nhlﬁsamﬂv%@%@ ath&r Bipfsk Y @S e%&yalm e

of qgsenattivated by pictipRATDS |autﬁ)¢1’qs erfcee afsohmodilatde XahipiedpghBRlation @ serine or
dose- deﬂnndent manner shows Inf%ggnce of the, eNOS- transcgiptlon

enhancer 8257° oW t& Eh%gg‘?%am PSR B4 8 G 18T exﬁmﬂEBBm SR KSR TP S nt
of trypkopkad, gdenshicnmondp®splidte-MtNERRL petdint kiomewds” pCeMadapoadead mptem
9257 (1 fo r

concent Fa e e B o PP T b O bsheer

Shown apéesie¥R&T fs@ %ﬁffraéloéﬁ@‘é icEease §NOS @f&wlt%Hwevva@sew agion 0§2Térr497

i nf liyenagsctt hechibardiondct@fityd O¥BhdsPhdiok@ibh prddeiiRd arckedihtdd b$ fpﬁ@@\h@tases PPA2
Investlg?éBﬁP of the specific binding of A300 to HEBP1 by fl uorescence

pol ari z measur enent. Substance A300 (30nM was incubated with various
concentrations of Hexahis-HEBP1 or BSA at roomtenperature for 10 m n.

Thg;gaf ‘gﬁﬁh?rk{g&‘é) rl@\%&fﬁﬁ%ﬁ{[n tBLtaéNégtaEt%ﬂt;y‘@y %E%%%aglev‘élg)( ﬁﬁﬁfé%%&) 'Bg* §ih: Vé%?%ﬁ?

pr ot ei nInteMABNS @s tﬂ@mugh AS00iatidma tl@p@dmﬁmndl doynain ofiéx-atvitaniep@rcd recRpigrs 6
shows Exp %elﬁ‘ﬁﬁﬁ@mﬁé HQE%E’ép:&I) eqi gLid Tw& H?M’d @&safyk SaS ‘3#&1% ﬂr@ﬂeﬁl Wast Meﬁ@ﬁ&ﬂ' c

heart faiTure after n¥§ﬁ dial iInfarct di vi ded hr ee

gr oups. AChETgEL Hal %&%Qérlateéa&% p(@?l@&:d\l@)gﬂ’ \lm@ﬁ é%éhq W@%Gﬁ@a@ ahd 3

f:hr oni ¢ e tind ptdrhidtes \t\@eStrammadn Ry s o@arfibral calvibaieCintod Mtrac¥lilar fdafons,
atter

Ther oaf RER MRS S A STHCPRERDE G é%ﬁg@ﬁﬁlk%fnmg) BEFyY ARELE! B e
i n hear identi§s aNOSMaaamazstingmroﬁeiﬂNé)&T&INrr@N&S arafickivgvimduterp <Qv@Bxpressicghaim
ot Rogenu Yy RERES WIRTAHEREENDS B e plchy b aaf msferpre and to
Puri fi catdused HO rﬁ&aéﬁn 11 epjuldebgosbomarthett NOGERRY ferfrsi atiemarycenmantex véhapids an

caveolin-1. Furthermore, it is responsible for the recruitmentof mediator proteins such as

dynamine-2.

25 Human, bovine, murine and porcine eNOS promoters of endothelial cells have been cloned and
show high sequence homology. The eNOS gene consists of 26 exons and encompasses
approximately 21 kB genomic DNA on chromosome 7Q35-36. The 4052NT eNOS-mRNA is

constitutively expressed in endothelial cells and very stable.

30 In addition to HEBP1 one or more transcription factor(s) for the eNOS promoter and/or one or

more of the above factors required to effect transcription may be present.

The test system of the invention may comprise a cell, particularly a mammalian cell, especially
a human cell. Examples of suitable cells include endothelial cells. These cells may be e.g.
35  primary cells such as Human Umbilical Vein Endothelial Cell (HUVEC) (see Example 1) or a

cell line such as EA.hy926 cells (see Example 1). However, any other cell or cell line,



30 WO 2010/ 063652PCT/ EP2009/ 065989 - 24 - of a chem cal coupling
(so-called linker). If protein |ysates fromcell cultures are added to the
speci fi c wbh2mideyssoat eri al , the pharmacophore acts as apkirmPab/oésvad t” and
"fishes out"” proteins with affinity for the pharmacophore. This nethod was
used in the present work for purifying/anplifying target nolecul es.

Specific colum materials in active and inactive 5 conformation of the

phar macophore were used (see below). 3 x 107 EA csr03 cells (see bel ow)
were used for affinity chromatography and were stored as cell pellets at
-70C. For lysis, the pellets were resuspended in a buffer of DPBS with 0.5%

305, Zﬁgﬁ&ﬁﬁg”%ﬂ%hﬁﬁzf IR o RSB TR PR et

mcrosc@ 9'116 1 meebs psgdwas separated by two centrifugation steps (f| rst 10
mn at 101000 x g/ 4C, then 30 min at 70 000 x g/4C). The protein

concentrati o th rnat ant. was. det erm ned. by the B nmet hod. OX.
5 mg pr AP 5*533 RbdeAF BRI ion tha s hﬁf@ﬁ% dﬂﬁﬁtqr%e% $@f@£§ﬁ
chr opat @@lﬂﬁﬁbyarw defuilcl eatioe CoIdOBag eihlolvy satlasrescenspanirkerc ,FRET, fluorescence

Sephar oser 125{??@‘?%%“@1‘ materials and identification of bound pr ot ei ns by

mass spgg rore "Chrried out. After several washi ng steps, the

bound proteins were el uted by addi ng SDS and were separated using

pol yacryl ap, ey gfréfeﬂe@ LRSHS thMihRhtigh | MR m'%ﬂﬁ)'d”isngséaf td ggregﬁ’l for ta€
conplete trace a uted proteins was cut up into gtn@t i eces of

gel . ThewdiGiment (gr geyering Ml(qm@aﬁmg ¢ digpasy 11@Y05hﬂ§8 §NOS <be ipn, fnaagfmﬁ !

sepap at esrdRiVvaseufal Fiseelith adghybeledihl tFeetidhSdndtr MBadVBiM. 20 Denaturing
pol yacryl am de- gel el ect rophor esis (SDS-PAGE) is a nethod of gel

el ectrophoresis by which various proteins can be separated according to
t hei r mbkemplagy disedsghinvolMing clNOSsdyBBiunictiyn aeesddtdikdfabone. ddaiévcancaediotdseular

I toi
o0 on! SARELESA AR ARCRRNLRY LS 1Pk AERLEN LSRR
char ge dfc pragenp Brvgniserethgsternne gmwanyofcméltsgaéd” Slbseqotooﬁlelrﬁd@@mpbéx@nw ef
forned, dwél&lé%%é"@%&&ﬂmg Vtﬁg&& t@her%sﬁne rt@ltn'l @‘tt‘éﬁtnéﬁp B% dléea‘ég ?@a?t/eg PRt ein

(- 1 nolecule amno acid Thr ough additional heating t he
sanpl es 2MgHUGHIM P thg myMpPEtRy %ﬁt;he é’ferVaé’tnGrdé%ea%ﬁ CQNYE 198y é%féi%%tloalr%f ta‘? §PWIpR el

I n addi diseike ert@dmjremer&@mnbrspr@egtuvé&‘néwmapg @a»atyaﬂphvoa@dnﬁmiry,@r&nas_ﬁdsﬂ to
aratin

th | t. I di brid d

SDS- PACRIFE it FRY Moo SHTBETY ST A eicRiCE A PoQEH (LoD e fgeRdy
crossl i skitod) Adfreatoreyt acdtde hwlﬂﬁpm’elbhy hehelby $adrty liarue butGreaapgity imoge aften
el eghri gobliGhth a%’@olé&%ﬂ% ¥ ehd lo%%nﬁl §186Pcalh &A% Tontinued. Cures are a subset of

treatments that reverse illnesses completely or end medical problems permanently.

A further subject of the present invention relates to a method of diagnosing a cardiovascular
disease in a subject, the method comprising
25 — determining the level of HEBP1 mRNA or HEBP1 protein in a sample obtained from the
subject,
wherein an increased or decreased level of HEBP1 mRNA or HEBP1 protein relative to a

control 1s indicative of a cardiovascular discase.

30 As shown in the examples altered HEBP1 protein level is associated with cardiovascular
disease, particularly heart failure and/or myocardial infarction. Accordingly, the level of
HEBP1 mRNA or HEBP1 protein in a sample obtained from the subject may be determined in
order to detect a level differing from a control level (e.g. from a healthy subject or determined
at a group of healthy subjects), which is indicative of the above diseases.

35



WO 2010/ 063652PCT/ EP2009/ 065989 - 25 - through the separating matrix and
are separated according to their size through the so-called "nol ecul ar

si eve ef fwot2b10/06865generate different cell sanples for gecraipeabnephoresi s,
cells were washed carefully with 5 DPBS (37C) twice and are then lysed with
| x SDS sanple buffer (50 mM Trizma Base (pH 6.8), 1.6% (wv) SDS; 4% (w V)
glycerol, 0.01% (wv) bronophenol blue, 5% (v/v) 13- nercaptoethanol, 325U
BenzonaseO, protease inhibitors and watgr. to 10 nl). Then the enzyne
Benzonase0 was added and the sanples were shaken for 15 mn at 37C.
BenzonaseO is a genetically engi neered endonucl ease, degradi ng RNA and DNA
in the qﬁ% tetrd$ 35 fmplk hﬁléml’ ﬁcg'ﬂﬁj'e@tg’ A4 t‘&%t ‘éhrﬁggs'l%%r% Elﬁ]eolélggﬁhleﬁulds and
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accordance wutrh methods known by the skilled practicioner.

15
After the antibody is provided, HEBP1 can be detected and/or quantified using any of a number
of well recognized immunological binding assays. Assays that can be used in the present
invention include, for example, an enzyme linked immunosorbent assay (ELISA), which is also
known as a “sandwich assay”, an enzyme immunoassay (EIA), a radioimmunoassay (RIA), a

20 fluoroimmunoassay (FIA), a chemiluminescent immunoassay (CLIA) a counting immunoassay
(CIA), a filter media enzyme immunoassay (MEIA), a fluorescence-linked immunosorbent
assay (FLISA), agglutination immunoassays and multiplex fluorescent immunoassays (such as
the Luminex™ LabMAP), ctc. For a review of the general immunoassays, see also, Methods in
Cell Biology: Antibodies in Cell Biology , volume 37 (Asai, ed. 1993); Basic and Clinical

25  Immunology (Stites & Terr, eds., 7th ed. 1991).

Generally, a test sample obtained from a subject can be contacted with the antibody that
specifically binds an antigen. Optionally, the antibody can be fixed to a solid support prior to
contacting the antibody with a test sample to facilitate washing and subsequent isolation of the
30  complex. Examples of solid supports include glass or plastic in the form of, for example, a

microtiter plate, a glass microscope slide or cover slip, a stick, a bead, or a microbead.

After incubating the sample with antibodies, the mixture is washed and the antibody-antigen
complex formed can be detected. This can be accomplished by incubating the washed mixture
35  with a detection reagent. This detection reagent may be, for example, a second antibody which

is labeled with a detectable label. In terms of the detectable label, any detectable label known in
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Throughout the assays, incubation and/or washing steps may be required after each
combination of reagents. Incubation steps can vary from about 5 seconds to several hours,
preferably from about 5 minutes to about 24 hours. However, the incubation time will depend
15  upon the assay format, biomarker (antigen), volume of solution, concentrations and the like.
Usually the assays will be carried out at ambient temperature, although they can be conducted

over a range of temperatures, such as 10° C. to 40° C.

Preferably, the level of HEBP1 mRNA or HEBP1 protein in a sample obtained from the subject
20 is decreased relative to the control.

The sample may be any sample suitable for the detection of an altered level of HEBP1 mRNA
or HEBP1 protein. However, preferably the level is determined in a cardiovascular sample,
such as an endothelial cell, particularly of the cardiovascular system, or a heart cell.

25
As detailed herein, eNOS dysfunction and HEBP1 alterations are particularly relevant for a
cardiovascular disease. Preferably the cardiovascular disease is heart failure and/or myocardial

infarction.

30 In accordance with the present invention HEBP1 may be used for the identification of a
medicament for preventing and/or treating a disease involving eNOS dysfunction, particularly a
cardiovascular disease. Therefore, a further subject of the invention relates to the use of HEBP-
1 for the identification of a medicament for preventing and/or treating a disease involving
eNOS dysfunction, particularly a cardiovascular disease.

35
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However, endothelial dysfunction due to diminishing of nitric oxide in endothelial cells is one
of the main mechanisms for vascular diseases, and often leading to atherosclerosis. This is very
common in patients with diabetes mellitus, hypertension or other chronic pathophysiological
conditions. Accordingly, the modulator may be used in the prevention or treatment of side
5  effects of chronic pathophysiological conditions associated with endothelial dysfunstion such as

diabetes mellitus or hypertension.

Preferably, the medicament alters, preferably increases, expression of eNOS.

10  Also in accordance with the present invention, HEBP1 may be used for the detection of a
component of eNOS signal transduction. Therefore, a still further subject of the invention
relates to the use of HEBP-1 for the detection of a component of eNOS signal transduction. The
detection of further components may be carried out using the methods described in the
examples such as the use of HEBPI1 as bait, protein microarrays, sSiRNAs, reporter systems,

15  mass spectrometry, affinity purification, SDS PAGE, etc. (see particularly Examples 1 and 2,
wherein HEBP1 is to be used as bait). In these methods, HEBP1 is preferably human HEBPI.
HEBPI can be used in order to detect binding partners and/or components of the upstream or
downstream signal transduction not yet known. Depending on the component the methods
described above in the context of the screening method of the invention may be used in order to

20  quantify or detect effects of components to be detected.

Yet, another subject of the invention relates to the use of HEBP1 for the regulation of eNOS
promoter activity. In accordance with the present invention HEBP1 may be used in order to
regulate eNOS promoter activity. Regulation includes increase, promotion decrease, inhibition,
25  and blockade of eNOS promoter activity. Regulation of eNOS promoter activity may be used in
order to regulate eNOS expression in a cell, tissue or organ. Optionally, further components
may be involved in the regulation such as compounds specifically regulating to HEBP-1 or the
eNOS promoter such as AVE3085, AVE9488 or substance 9257 (see Examples). However, the
eNOS promoter may be also operatively linked (e.g. by genetic engineering) to a different gene
30 (e.g. areporter gene or any other gene) in order to regulate the expression of that gene by eNOS
promoter and HEBPI1. This may be used in order to simulate eNOS expression in
cardiovascular, particular endothelial, cells for research purposes, medical purposes or any
other purpose. For example, this construct could be used in a model of cardiovascular discases
in order to study eNOS expression or eNOS promoter activity and its regulation. The eNOS
35  promoter and HEBP1 may be used as inducible or tissue-specific promoter with basal activity

as known by the skilled practitioner.
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The invention is not limited to the particular methodology, protocols, and reagents described
herein because they may vary. Further, the terminology used herein is for the purpose of
describing particular embodiments only and is not intended to limit the scope of the present
5 invention. As used herein and in the appended claims, the singular forms "a," "an," and "the"
include plural reference unless the context clearly dictates otherwise. Similarly, the words

"comprise", ,,contain and "encompass"” are to be interpreted inclusively rather than exclusively.

Unless defined otherwise, all technical and scientific terms and any acronyms used herein have
10  the same meanings as commonly understood by one of ordinary skill in the art in the field of the
invention. Although any methods and materials similar or equivalent to those described herein
can be used in the practice of the present invention, the preferred methods, and materials are

described herein.

15  The invention is further illustrated by the following efigures and xamples, although it will be
understood that the figures and examples are included merely for purposes of illustration and

are not intended to limit the scope of the invention unless otherwise specifically indicated.

FIGURES

20
Fig. 1 shows Validation of different HEBP1-siRNAs at the mRNA level. The relative HEBP1-

expression, normalized to GAPDH, was determined 24h after transfection of EA.csr03 cells
(96-well format, n=4) with specific TagMan®-probes by quantitative RT-PCR (* p<0.05 wvs.
siLV2-control). siRNA HEBP1 25 is capable of inhibiting HEBP1 gene transcription.

25
Fig. 2 shows Switching-off of HEBP1 using siRNA and subsequent measurement of promoter

activation by AVE3085. This experiment was carried out in the 96-well format (n=4). The
measured chemiluminescence was normalized to the total cellular protein content. siRNA
HEBP1 25 is capable of inhibiting eNOS promoter activation.

30
Fig. 3 shows Binding Studies of hemin and PPIX to human Hexahis-HEBP1 by tryptophan
quenching. To a 0.5uM HEBP1 solution heme and PPIX were added at concentrations of from
30nM to 10uM. After a 10 min incubation tryptophan fluorescence was measured

(Aex=295nm/Aey=340nm). Shown are means = SD of 6 experiments, * p<0.05 vs. 30 nM
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conformati on. EXAMPLE 2 ldentifying poténtial target proteins using protein
m croarrays 10

hemin/PPIX. Heme and PPIX are capable of quenching tryptophan fluorescence of human

Hexahis-HEBP1 in a dose-dependent manner.

Fig. 4 shows Influence of the eNOS-transcription enhancer 9257 on the binding of hemin to
5  6xHis-huHEBP 1 from measurement of tryptophan quenching. A 0.5uM HEBP1 solution was
preincubated with 9257 (10uM) at ice for 10min. After addition of heme in different
concentrations tryptophan fluorescence was measured (Aex=295nm/Aen=340nm). Shown are
means = SD of 6 experiments, * p<0.05 vs. DMSO control. 9257 influences the binding of
heme to Hexahis-HEBP1.
10
Fig. 5 shows Investigation of the specific binding of A300 to HEBPI1 by fluorescence
polarization measurement. Substance A300 (30nM) was incubated with various concentrations
of Hexahis-HEBP1 or BSA at room temperature for 10 min. Thereafter, fluorescence
polarization was measured (Aex=530nm/Ae,n=585nm). Means + SD of 5 experiments are shown,
15  * p<0.05 vs. DMSO control without protein. eNOS substance A300 binds specifically to
Hexahis-HEBP1.

Fig. 6 shows Expression of HEBP1 predicted in cardiac tissue of rats with chronic heart failure
after myocardial infarction. Rats were divided in three groups. One group was sham-operated
20 (group 1), whereas in groups 2 and 3 chronic heart failure was induced by myocardial
infarction. Only, the latter group was treated with AVE3085 (10mg/(kg day)) for 9 weeks.
Thereafter, mRNA expression (HEBP1 in comparison to GAPDH) was determined in heart
tissue. Means £+ SD of 7 experiments are shown, * p<0.05 vs. sham operated. This experiment

suggests that HEBP1 is involved I the pathogenesis of with chronic heart failure.

25

EXAMPLES

EXAMPLE 1

Purification of potential eNOS targets using affinity chromatography
30

The principle of affinity purification of potential target proteins proceeds in the manner wherein

a pharmacophore, whose target protein is to be purified, is immobilized on a matrix by means
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20
Denaturing polyacrylamide-gel electrophoresis (SDS-PAGE) is a method of gel electrophoresis
by which various proteins can be separated according to their molecular weight. This possibility
results from addition of the anionic surfactant sodium dodecylsulfate (SDS) to a protein mixture
that is to be separated. The SDS attaches to the proteins and masks the intrinsic charge of the
25  proteins. Negatively charged SDS-protein complexes are formed, with a constant charge-to-
mass ratio of approx. 1.4g SDS/g protein (~ 1 molecule SDS/3 amino acids). Through
additional heating of the samples, secondary and tertiary structures of the proteins are disrupted.
In addition, reducing agents, ¢.g. -mercaptocthanol and DTT, are added to the samples to
cleave disulfide bridges. The separating medium used in SDS-PAGE is a gelmatrix of
30 polyacrylamide, which results from the crosslinking of acrylamide with

methylenebisacrylamide. On applying an electric field, the SDS-protein complexes migrate
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sample pockets were used. They are so-called "gradient gels", i.c. the polyacrylamide

20  concentration increases with increasing separation path and thus permits simultancous

separation of small and large proteins. In all the experiments, a suitable protein standard was

also run for estimating the molecular weights of the proteins investigated. Depending on the

required separation range, sclection was made between an MES-SDS and a MOPS-SIDES

running buffer. Additionally, 435ul NuPAGE® antioxidant per gel was added to the running

25  Dbuffer of the upper chamber. Gel electrophoresis was then carried out at a constant voltage of

200V for 40 min with MES-SIDES running buffer and for 55 min with MOPS-SIDES running
buffer.

For silver staining of protein gels, the coloration of proteins with silver solutions is based
30  classically on the principle that Ag" ions form complexes with the glutamic-acid, aspartic-acid,
and cysteine residues. Reduction of the Ag' ions gives elemental silver, producing a brownish

coloration of the protein bands. The advantage of silver staining over other methods, e.g.
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10  "Western blotting" means the transfer of proteins after separation in gel electrophoresis to a
polymer support layer. In this way the proteins are made more casily accessible for antibodies
in subsequent immunodetection. Basically, various polymers are suitable as support materials,
¢.g. nylon, PVDF and nitrocellulose. An electric voltage applied perpendicularly to the gel and
the membrane causes the proteins to migrate from the gel to the membrane. The pattern of
15  bands of the preceding separation is retained in this process. In the blotting method that was
used, with nitrocellulose as support material, the binding of the proteins to the membrane is
based on hydrophobic. To prepare a gel for blotting after gel electrophoresis, it was equilibrated
for 20 min in a 2x transfer buffer (50 ml 20x NuPAGE® transfer buffer, 50 ml methanol, 500ul
NuPAGE® antioxidant and water to 500 ml). The nitrocellulose membrane was washed briefly
20 with water and incubated together with six filter papers per gel in 2x transfer buffer. The
transfer itself was carried out in a "Semi-Dry-Blotter " (Biostep, Jahnsdorf, Germany). The gel
and the membrane were embedded between impregnated filter papers above and below on the

"sandwich principle” and a constant voltage of 20V was applied for 60 min.

25  In previous studies, two small-molecular-weight compounds with related structures enhanced

eNOS promoter activity in a concentration-dependent manner:

AVED488 AVE3085

Hj’ H)O o r
(IO CO-V 0

AVE9488: 4-fluoro-N-indan-2-yl-benzamide; CAS NO.: 291756-32-6)



Overvi ew of TagMan probes Gene synbol Context sequence of the probe SEQ ID
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AVE3085: 2,2-difluoro-benzo[1,3]dioxole-5-carboxylic acid indan-2-ylamide; CAS NO.; 450348-85-3)

AVE3085 was used as “bait” for the identification potential targets. Four different column
materials for the enrichment of potential targets were synthesized using affinity
5  chromatography (Table 1). For synthesis, the pharmacophore was reacted with N-
hydroxysuccinimide ester (NHS)-activated Sepharose and was bound covalently through
formation of an ether bridge. Binding sites of the NHS-Sepharose that had not been saturated

were saturated by reaction with ethanolamine.

10 Table 1: Affinity materials for the enrichment of potential targets of the eNOS-transcription enhancers

from cell lysates

Substance Structural formula
(o]
A095 8 N
-0 ~N ~""0oH
control . WO\ Hw

O

N
00
active WN\/\O/\/O
00
inactive R MH\/\O/\/O
O O

The symbol e denotes a Sepharose particle

O H
BN
active .*O/YN\/\HWN\/\O
(o]

Substance A095 is column material without a pharmacophore as "bait" on the linker. The
15  purpose of this control is to identify and rule out proteins that bind nonspecifically to the

column material, in the list of potential target molecules.

In the other column materials the pharmacophore is coupled covalently via the linker to the
Sepharose particles. Thus, substance A093 is a material in which the pharmacophore is coupled
20  to the matrix via a linker with three polyamide linkages. In the case of materials A092 and
A094, this linker is somewhat longer as it has an additional ether linkage. Moreover, the
pharmacophore was in the active conformation in substance A092, and in the inactive

conformation in A094.
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Affinity purifications of potential target proteins from whole cell lysates of EA.csr03 cells were
carried out with all four column materials and the proteins thus enriched were identified, after
trypsinolysis, by means of mass spectrometry. In addition, however, expression in EA.hy926

5  cells and HUVECs was also determined.

The EA.csr03 cells are cells of a stable eNOS-promoter luciferase cell line. It was obtained by
transfection of EA.hy926 cells with a firefly luciferase reporter construct, with a 3.5kb fragment
of the eNOS-promoter added. Cultivation of these cells was carried out with IMDM with
10 GlutaMAX™ [ supplemented with 100U/ml penicillin, 100ug/ml streptomycin, 10% FCS and
0.4 mg/ml geneticin as selection antibiotic. The EA hy926 cells are a stable human cell line,
which was obtained by fusion of HUVEC with the human hybridoma cell line A549. This cell
line is characterized by expression of specific endothelial cell markers, e.g. the "van-Willebrand
factor". The cells used are an original culture of Cora Jean Edgell of passage 32. The cells were
15  cultivated in IMDM with GlutaMAX™ 1 supplemented with 100U/ml penicillin, 100ug/ml
streptomycin, HAT Hybri-Max"™ medium additive (hypoxanthine, aminopterin and thymidine)

and Biotect protective medium.

The list of potential target molecules includes the proteins
20 — that were identified unambiguously with at least four protein fragments;
— that had not bound to the column material, without any pharmacophore being offered as
"bait";

— that had bound preferentially to the column materials with the pharmacophore in active

conformation.
25
Table 2 shows a consolidated list of the potential targets thus obtained. This table shows, for
cach protein identified, the unique accession number of the UniProtKB/Swiss-Prot databanks,
the theoretical molecular weight and the number of protein fragments with which it was
identified.
30

Table 2: Potential targets of the eNOS-transcription enhancers identified by affinity chromatography

followed by mass spectrometry
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Databank Protein (gene symbol) Molecular Number of protein
number weight [kDa]  fragments
000625 Pirin (PIR) 32.1 5
000764 Pyridoxal kinase (PDXK) 35.1 10
075127 Pentatricopeptide repeat protein 1 (PTCD1) 78.8 8
P17931 Galectin-3 (LGALS3) 26.0 7
P27361 Mitogen-activated protein kinase 3 (MAPK3)  43.1 8
P50213 Isocitrate dehydrogenase [NAD], alpha 39.6 15
subunit, mitochondrial precursor (IDH3A)
P55263 Adenosine kinase (ADK) 40.5 7
P57721 Poly(rC)-binding protein 3 (PCBP3) 35.9 6
PG7775 Serine/threonine-phosphatase 2A, catalytic 35.6 6
subunit of the alpha-isoform (PPP2CA)
Q04760 Lactoyl glutathionelyase (GLO1) 20.6 9
Q9BUP3 Oxidoreductase HTATIP2 (HTATIP2) 271 10
QINRV9 Heme-binding protein 1 (HEBP1) 211 18 (vs. 2)

Apart from the heme-binding protein 1 (HEBP1), the proteins listed are proteins that had bound
exclusively to the active conformation of the column material. HEBP1 had also bound, as a
single protein, to the inactive conformation of the column material. In this experiment,
5 however, it could only be identified with two protein fragments versus 18 on the active

conformation.

EXAMPLE 2
Identifying potential target proteins using protein microarrays
10
The protein-microarray experiments were carried out using ProtoArrays® v3.0 (Invitrogen,
Karlsruhe, Germany). These were nitrocellulose-coated glass plates, on which approx. 5000

recombinant human proteins, in duplicates, were immobilized.

15  For investigating the affinities of eNOS compounds using said microarrays, biotin-labeled
eNOS transcription enhancers A012 (active conformation) and A012 (inactive conformation)
were used and the binding of these substances to proteins was detected and quantified by

fluorescence measurement using IRDye®680-labeled streptavidin.

20 In the first step the microarrays were incubated for one hour at 4°C with a MOPS blocking
buffer with 0.1% (v/v) Igepal and 1% (w/v) BSA. Then the arrays with the biotin-labeled eNOS
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transcription enhancers A012 and A013, sometimes in the presence of the unlabeled substance
9257, were incubated at 4°C for 90 min without shaking, in various test conditions in a MOPS

sample buffer with 1% (v/v) Igepal and 1% (w/v) BSA.

5 Substance 9257
O

After washing three times, in each case for 1 min, with pure MOPS sample buffer on ice, they
were incubated for 30 min with IRDye®680-labeled streptavidin diluted 1/1000 in MOPS
10  sample buffer away from the light, also on ice. IRDye®680- and IRDye®800-labeled
secondary antibodies, which recognize the constant Fe-part of the primary antibodies, were used
exclusively for the immunodetection of certain proteins. The fluorescence labeling used here
possesses the property of emitting in the near infrared (wavelengths of A=700-800nm) after
excitation with laser light. The advantage of this wavelength range is the very good signal-to-
15  noise ratio on account of low intrinsic fluorescence. Detection employs the ODYSSEY ™ from
LI-COR Biosciences (Bad Homburg, Germany). With this instrument it is possible to detect
both emission wavelengths on one membrane simultaneously. Through the simultancous
detection of target and reference protein, the normalization of individual samples is possible in
just one step. Three further washing steps (each 1 min) with 0.1% (v/v) Igepal in PBS were
20 followed by detection with ODYSSEY ™ (LI-COR Biosciences, Bad Homburg, Germany).

After transfer, the membrane was blocked for one hour in ODYSSEY blocking buffer, diluted
1:1 with PBS. The purpose of this step is to saturate any remaining free protein binding sites on
the membrane and so prevent nonspecific antibody binding. The membrane was incubated
25  overnight at 4°C with 1-2 primary antibodies in antibody-binding buffer (ODYSSEY blocking
buffer (diluted 1:1 with PBS), 0.25% (v/v) Tween 20, 0.02% (w/v) sodium azide). Washing of
the membranes (4 x 5 min) with PBST (PBS with 0.1% Tween 20) to remove unbound

antibody was followed by incubation with the secondary antibodies. After incubation for one
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hour with the secondary antibodies in antibody-binding buffer (protected from the light, at room

temperature) the membrane was washed again 4 x 5 min with PBST, followed by detection.

In order to be able to investigate the affinity of eNOS compounds using these microarrays,
these compounds had either to be labeled directly, or it had to be possible to label them
indirectly. In our experiments biotin-labeled eNOS-transcription enhancers were used in an
active (A012) and inactive conformation (A013) (Table 3). These can be detected from
fluorescence through high-affinity binding of IRDye®680-labeled streptavidin to the biotin

residues of the substances.

Table 3: Structural formulas of biotin-labeled eNOS-transcription enhancers for use in the protein-

microarray experiments

Substance Structural formula
A012 H i

active b y
H e H N-—©
! AN
s/"H

A013 HO

inactive \
CO Qg g
(@]

So as to be able to use the biotin-labeled eNOS substances A012 and A013 in the protein-
microarray experiments, it was necessary to ensure that the biotin residue does not disturb the
action of the pharmacophore and that there is sufficient activity. Cellular verification of the
substances in the eNOS-transcription test was carried out for this purpose. Comparing
substance A012 with the reference substance AVE948S8, it is evident that despite the
introduction of a linker with biotin labeling, A012 (ECso=1.2uM) is even slightly more active
cellularly than the reference AVE9488 (ECsy=3.0uM). The biotin-labeled substance A013
(inactive conformation) now had hardly any significant cellular activity (Cellular ECso >10uM).
Thus, the two substances A012 and A013 were suitable for use in the protein-microarray

labeling experiments.

In the protein-microarray experiment, one array in each case was incubated in three different

conditions: A active, biotin-labeled eNOS-substance A012 (100uM), B A012 (100uM) in the
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presence of active, unlabeled substance 9257 (25uM), and C inactive biotin-labeled substance

A013 (100uM).

The labeling of three different protein duplicates (A: numbers 1-3) with the active biotin-
5 labeled substance A012 was readily discernible. Examination of the relevant competition
experiment with substance 9257 (B) shows that the binding of A012 was markedly weaker, as it
had been displaced by 9257 from binding. When a microarray was incubated with the inactive,
biotin-labeled substance A013 there was no binding of the substance to the proteins (C) that had
previously been labeled with the active biotin-substance.
10
These labeling (A) and competition tests (B) were evaluated by quantifying the fluorescence
signals. Proteins for which competition could be demonstrated were included in a list as

potential targets (Table 4):

15 Table 4: Potential target proteins from the protein-microarray experiments

Databank number  Protein (gene symbol) Fluorescence  Fluorescence
intensity A intensity B

BC000381.2 TBP-related Protein 1 (TBPL1) 10788 4083

BC016609.1 Cytidinemonophosphate-N- 10411 5028
acetylneuraminic acid-synthetase
(CMAS)

NM_007162.1 Transcription factor EB (TFEB) 4987 1333

NM_002749.2 Mitogen-activated protein kinase 7 4775 1135
(MAPK7)

NM_006251.4 AMP-activated protein kinase, catalytic 3791 1206
subunit alpha 1 (PRKAA1)

BC016645.2 Phosphoserine  aminotransferase 1 3151 2269
(PSAT1)

As the proteins investigated were produced exclusively by recombinant techniques, it was not
possible to verify their functionality. As these proteins were identified exclusively from binding
affinities, they require functional validation as possible target proteins.

20
EXAMPLE 3
Validation of potential targets from affinity chromatography and protein-microarray

experiments
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the quencher. This process results in a detectable fluorescence, 20 which
|ncﬂ@asg§RﬁWdﬁP@E5¢tP@Haﬁ@lﬁﬂngCR product formed. A typical 20gl reaction
setup in the 96-well format generally consisted of 10gl 2x Quantitect RT
Masterm x, 411 20x Assay M x (priner and TagMan probe from Applied

B|osystéWsWBW@ﬁﬂgdeﬁﬁmmex 5g1 RNA and 3.8gl nucl ease-free water. The
reacti OlIéer\{e\k:slyembofJll H eé‘on?ext sequenlce of the probe SEQ ID Catalog No.
NO:

ADK GGTGACAACAGGTCCCTCATAGCTA 1 Hs00417073_m1
CMAS TCAGAAAGGAGTTCGTGAAGTGACC 2 Hs00218814_m1
GAPDH GGCGCCTGGTCACCAGGGCTGCTTT 3 Hs99999905 m1
Gapdh Not available Rn99999916_s1

GATA2 CTCGTTCCTGTTCAGAAGGCCGGGA 4 Hs00231119_m1
GLO1 CACTTGAGCTGACACACAATTGGGG 5 Hs00198702_m1
HEBP1 TGTCTATTCCATGCAGTTTGGTGGT 6 Hs00211123_m1
HEBP1_predicted Not available Rn01459705_m1
HTATIP2 GGAAAGCTGGGGCGGAGGGATTTGT 7 Hs00185131_m1
IDH3A TAAGGACGGAAAGAGCTTGACAAAA 8 Hs00194253 _m1
IFIT1 Not available Hs00356631_g1

LGALS3 CCCCTGCTGGGCCACTGATTGTGCC 9 Hs00173587_m1
MAPK1 GCATGGTGTGCTCTGCTTATGATAA 10 Hs00177066_m1
MAPK3 ATGAGAGATGTCTACATTGTGCAGG 11 Hs00177127_m1
MAPK7 TCAAATCTGTCTACGTGGTCCTGGA 12 Hs00177079_m1
NOS3 GAATGGAGAGAGCTTTGCAGCTGCC 13 Hs00167166_m1
OAS1 Not available Hs00242943_m1
PCBP3 GTATCTCATCAACGCCAGGCTGACG 14 Hs00608649_m1
PDXK AACCTCAAGGTGGCCTGTGAGAAGA 15 Hs00177600_m1
PIR CCCAGGAGATTTGCAGTGGATGACT 16 Hs00186374_m1
PPP2CA GAAGTTCCCCATGAGGGTCCAATGT 17 Hs00427259 _m1
PRKAA1 ATGGAAGGCTGGATGAAAAAGAAAG 18 Hs00178893_m1
PSAT1 GTGCGGGAATTGCTAGCTGTTCCAG 19 Hs00795278_mH
PTCD1 CGGTACGCCCTCCAGGTGTGGCGGC 20 Hs00248918 m1
SP1 GCAAATGCCCCAGGTGATCATGGAG 21 Hs00412720_m1
TBPL1 TTATAAACGTGATGTTGGAAAAGTA 22 Hs00191595 m1
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polymerase is still in an inactive form and only reverse transcription of the mRNA to cDNA

takes place at 50°C. Then the reverse transcriptases are inactivated and the DNA polymerase is

10 heat-activated at 95°C followed by cDNA amplification steps.

The cDNA amplified in real time is quantified by means of a sequence-specific primer pair and
a fluorescence-labeled oligonucleotide probe, the so-called TagMan® probe. This attaches to
the DNA during the amplification between the two primers. The TagMan® probe is labeled at
15  one end with a fluorescent dye, and at the other end with a quencher. Fluorescence cannot be
detected on the basis of fluorescence resonance energy transfer (FRET) at the start of the PCR.
However, if during amplification the Taq polymerase comes close to the probe, this displays
5'—3" exonuclease activity at the double strand. The probe is cleaved, as a result of which the
fluorophore is separated from the quencher. This process results in a detectable fluorescence,

20 which increases in proportion to the PCR product formed.

A typical 20ul reaction setup in the 96-well format generally consisted of 10ul 2x Quantitect
RT Mastermix, 1ul 20x Assay Mix (primer and TagMan probe from Applied Biosystems),
0.2ul RT-mix, 5ul RNA and 3.8ul nuclease-free water. The reactions were carried out in the
25 PCR detection system iCycler® from BioRad-Laboratories (Munich, Germany) according to

the following amplification protocol:

Temperature Time Step
50°C 40 min Reverse transcription
95°C 14 min PCR-activation step

94°C 15s 2-step amplification (45x)
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Temperature Time Step
60°C I min
4°C unlimited storage

Quantification of a target mRNA was carried out by normalization to the amount of mRNA of
the unregulated gene GAPDH ("housckeeping gene") and calculation by the AAct method. This
method is based on calculation of a fluorescence threshold value (ct) relative to a background
5  fluorescence at the starting time, when there is still no PCR product present. The relative
expression of a defined target gene versus an unstimulated control normalized to GAPDH is

therefore calculated as follows:

Act = Cttarget gene - CtearpH
10 AAct = Ctsample - Cteontrol
PR x-fold expression

The cell samples used were primarily RNA preparations from untreated EA.csr03 cells, lysates
of which had also been used in affinity chromatography. The expression profile was compared

15  to that of EAhy926 and primary HUVECs. Primary human umbilical cord endothelial cells
(HUVEC) were freshly prepared for each experiment by standard methods and were only used
up to passage 3. The growth medium of these cells consisted of IMDM with GlutaMAX™ [,
which was supplemented with 100U/ml penicillin, 100ug/ml streptomycin and 20% FCS.
Cultivation was carried out on Collagen I-coated cell culture materials at 37°C and 5% CO,.

20

The expressions found for the potential targets were put in three categories (Table 5).

Table 5: Expression profile of potential targets from affinity chromatography

Potential target Gene symbol  EA.csr03 EA.hy926 HUVEC
Pirin PIR medium low high
Pyridoxal kinase PDXK medium medium medium
Pentatricopeptide repeat protein PTCD1 low low low
Galectin-3 LGALS3 medium medium medium
Mitogen-activated protein kinase 3  MAPKS3 medium low high
Isocitratedehydrogenase  [NAD], IDH3A high high high

subunit alpha, mitochondrial
precursor
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Potential target Gene symbol  EA.csr03 EA.hy926 HUVEC
Adenosine kinase ADK medium medium medium
Poly(rC)-binding protein 3 PCBP3 low low low
Serine/threonine-protein PPP2CA high high high
phosphatase

Lactoyl glutathionelyase GLO1 high high high
Oxidoreductase HTATIP2 HTATIP2 high high high
Heme-binding protein 1 HEBP1 high high high

Classification in the three different categories was based on the expression of individual targets in
comparison with GAPDH: high expression >0.015, medium expression of 0.005-0.015 and low

expression <0.005.

With respect to the EA.csr03 cell line used in chromatography, high expression was found for
the IDH3A, PPP2CA, GLOI1, HTATIP2 and HEBP1 genes investigated. Medium expression
levels were also noted for PIR, PDXK, LGALS3, MAPK3 and ADK, and very low expression
was only obtained for PTCD1 and PCBP3.

If we compare the expression levels of individual genes between reporter cell line EA.csr03, its
parent cell line EA.hy926 and primary HUVECsS, generally no differences are found. It is only
for PIR and MAPK3 that lower expression is found in the cell lines compared with the primary
HUVECs.

2. Expression profile of potential target proteins from protein-microarray experiments in

endothelial cells

The proteins on the protein-microarrays (see above) were exclusively recombinant proteins.
Therefore it was important to verify which of them are expressed in endothelial cells. For this
purpose the relative expression of the potential targets was determined by quantitative RT-PCR
relative to GAPDH in RNA preparations from untreated EA.csr03 cells, EA hy926 cells and
primary HUVECSs. The results are presented in Table 6.

Table 6: Expression profile of potential targets from the protein-microarray experiments

Potential target Gene symbol  EA.csr03 EA.hy926 HUVEC
TBP1-ike 1 TBPL1 low low low
Cytidine monophosphate N- CMAS high high high

actylneuraminic acid synthetase
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Potential target Gene symbol  EA.csr03 EA.hy926 HUVEC
Transcription factor EB TFEB low low low
Mitogen-activated protein kinase 7 MAPK? low low low
AMP-activated  protein  kinase, PRKAA1 medium medium medium
catalytic subunit alpha 1
Phosphoserine aminotransferase 1 PSAT1 low high low

Classification in the three different categories was based on the expression of individual targets in
comparison with GAPDH: high expression >0.015, medium expression of 0.005-0.015 and low

expression <0.005.

5  Expression of most of the potential targets was low in the types of endothelial cells investigated
(TBPL1, TFEB, MAPK7, PSAT1). Medium expression was only found for PRKAAI, and high
expression for CMAS.

In this experiment, apart from one exception (PSAT1), there were no differences in the

10 expression levels of individual targets between the cell lines and primary HUVECs.

3. Validation of potential targets using the siRNA technology

Affinity chromatography and protein-microarray experiments produced a consolidated list of a
15  total of 18 potential target proteins. Identification of these proteins was based on affinity for
various eNOS transcription enhancers in cell-free systems. For this reason all candidates

underwent further cellular validation.

RNA interference (RNA1) means the sequence-specific, posttranscriptional suppression of some
20 genes in animals and plants, which is initiated by double-stranded RNA (dsRNA) that is
homologous to the target gene. In Caenorhabditis elegans and Drosophila melanogaster, the
breakdown of long, sequence-specific dSRNA by the cytoplasmic, RNase Ill-like protein
"Dicer" could be identified as the mechanism on which RNA1 is based. There is formation of
short fragments with a length of 19-25nt, the so-called "small interfering RNAs (siRNAs). The
25  resultant siRNAs are then incorporated in RNA-protein complexes called "RNA-induced
silencing complex" (RISC) and serve as mediators of the subsequent RNA degradation.

Separation of the two siRNA strands produces activation of the RISC. The activated complex
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lipidlike nature of the liposomes, these are able to interact with the cell membrane and transfer

10 the complexed nucleic acids into the cell.

For liposomal transfection of siRNA in endothelial cells, EA.hy926 or EA.csr03 cells were
sown with a density of 50 000 cells per well in a volume of 100ul growth medium in 96-well
plates. After incubation for 24h in an incubator, the cells were washed with sterile DPBS and
15  were covered in each case with 100ul/well of serum-free and antibiotic-free special medium
Opti-MEM® 1. Then the siRNAs (sce below) used were preincubated with Lipofectamine™™
2000 in accordance with the manufacturer's instructions and finally 50ul/well of the
transfection mixture was added to the cells. Unless stated otherwise, the siRNAs were used at
final concentrations of 100nM. Per well, after previous optimization, 0.8ul of Lipofectamine™
20 2000 was used for transfection of the EA.hy926 cells, and 0.5ul for the EA.csr03 cells. After
the cells had been incubated in an incubator for 6 hours, the transfection medium was replaced
with normal growth medium and the next experimental steps were carried out in the time frame
of 24-72 hours after transfection. Primary HUVECs were sown at 100 000 cells per well in
Collagen I-coated 6-well plates and were cultivated in normal growth medium up to 60-70%
25  confluence. Prior to transfection, the cells were washed with sterile DPBS and covered in each
case with 800ul/well of serum-free and antibiotic-free special medium Opti-MEM® 1. 6ul
Lipofectin® and siRNA at a final concentration of 100nM were used per well. Preincubation of
siRNA and Lipofectin® was carried out in accordance with the manufacturer's instructions for
HUVECs. After addition of 200ul/well of the transfection formulation to the cells, incubation
30  was carried out in an incubator for 6 hours. Then the transfection medium was replaced with
normal growth medium. The subsequent experimental steps were carried out between 24 and 72

hours after transfection.
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Overview of siRNAs

Gene symbol + Catalog No. Manufacturer

siRNA No.

siADK 58 Silencer® siRNA, ID #1658 Applied Bio Systems (Darmstadt)
siADK 68 Silencer® siRNA, ID #1568 Applied Bio Systems (Darmstadt)
siADK 74 Silencer® siRNA, ID #1474 Applied Bio Systems (Darmstadt)
siCMAS 01 Silencer® siRNA, ID #27201 Applied Bio Systems (Darmstadt)
siCMAS 50 Silencer® siRNA, ID #119350 Applied Bio Systems (Darmstadt)
siCMAS 91 Silencer® siRNA, ID #117991 Applied Bio Systems (Darmstadt)
siETS1 23 Silencer® siRNA, ID #115623 Applied Bio Systems (Darmstadt)
siETS1 24 Silencer® siRNA, ID #115624 Applied Bio Systems (Darmstadt)
siETS1 30 Silencer® siRNA, ID #2830 Applied Bio Systems (Darmstadt)
siGATA2 17 Silencer® siRNA, ID #145417 Applied Bio Systems (Darmstadt)
siGATAZ2 18 Silencer® siRNA, ID #145418 Applied Bio Systems (Darmstadt)
siGATA2 19 Silencer® siRNA, ID #145419 Applied Bio Systems (Darmstadt)
siGLO1 13 Silencer® siRNA, ID #121613 Applied Bio Systems (Darmstadt)
siGLO1 14 Silencer® siRNA, ID #121614 Applied Bio Systems (Darmstadt)
siGLO1 15 Silencer® siRNA, ID #121615 Applied Bio Systems (Darmstadt)
siHEBP1 12 Silencer® siRNA, ID #23712 Applied Bio Systems (Darmstadt)
siHEBP1 20 Silencer® siRNA, ID #23620 Applied Bio Systems (Darmstadt)
siHEBP1 25 Silencer® siRNA, ID #23525 Applied Bio Systems (Darmstadt)
siHTATIP2 72 Silencer® siRNA, ID #135772 Applied Bio Systems (Darmstadt)
siHTATIP2 73 Silencer® siRNA, ID #135773 Applied Bio Systems (Darmstadt)
siHTATIP2 74 Silencer® siRNA, ID #135774 Applied Bio Systems (Darmstadt)
silDH3A 09 Silencer® siRNA, ID #16309 Applied Bio Systems (Darmstadt)
silDH3A 44 Silencer® siRNA, ID #107744 Applied Bio Systems (Darmstadt)
silDH3A 45 Silencer® siRNA, ID #107745 Applied Bio Systems (Darmstadt)
siLGALS3 93 Silencer® siRNA, ID #279193 Applied Bio Systems (Darmstadt)
siMAPK1 09 S100300748 Qiagen (Hilden, Germany)
siMAPK1 10 S100300755 Qiagen (Hilden, Germany)
siMAPK1 12 S100605983 Qiagen (Hilden, Germany)
siMAPK1 13 S100605990 Qiagen (Hilden, Germany)
siMAPKS 04 Silencer® siRNA, ID #142304 Applied Bio Systems (Darmstadt)
siMAPK3 05 Silencer® siRNA, ID #142305 Applied Bio Systems (Darmstadt)
siMAPKS 20 Silencer® siRNA, 1D #202320 Applied Bio Systems (Darmstadt)
siMAPKY 14 Silencer® siRNA, ID #1414 Applied Bio Systems (Darmstadt)
siMAPKY 87 Silencer® siRNA, ID #110787 Applied Bio Systems (Darmstadt)
siMAPKY7 92 Silencer® siRNA, ID #110792 Applied Bio Systems (Darmstadt)
siMAPKY 9 S100606039 Qiagen (Hilden, Germany)
siMAPKY7 10 S100606046 Qiagen (Hilden, Germany)
siMAPKY7 13 S103024924 Qiagen (Hilden, Germany)
siMAPK7 14Q S103052980 Qiagen (Hilden, Germany)
siMAZ 3 S100628453 Qiagen (Hilden, Germany)
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Silencer® siRNA, ID #440

Applied B|o Systems (Darmstadt)

siPDXK 41 Silencer® siRNA, ID #441 Applied Bio Systems (Darmstadt)
siPDXK 42 Silencer® siRNA, ID #442 Applied Bio Systems (Darmstadt)
siPIR 09 Silencer® siRNA, 1D #107209 Applied Bio Systems (Darmstadt)
siPIR 48 Silencer® siRNA, ID #115448 Applied Bio Systems (Darmstadt)
siPIR 81 Silencer® siRNA, ID #13681 Applied Bio Systems (Darmstadt)
siPPP2CA 10 Silencer® siRNA, ID #104510 Applied Bio Systems (Darmstadt)
siPPP2CA 14 Silencer® siRNA, ID #104514 Applied Bio Systems (Darmstadt)
siPPP2CA 36 Silencer® siRNA, ID #4436 Applied Bio Systems (Darmstadt)
siPRKAA1 94 Silencer® siRNA, ID #143194 Applied Bio Systems (Darmstadt)
siPRKAA1 96 Silencer® siRNA, ID #242396 Applied Bio Systems (Darmstadt)
siPRKAA1 97 Silencer® siRNA, ID #242397 Applied Bio Systems (Darmstadt)
siPSAT1 17 Silencer® siRNA, ID #112317 Applied Bio Systems (Darmstadt)
siPTCD1 89 Silencer® siRNA, ID #148589 Applied Bio Systems (Darmstadt)
siPTCD1 90 Silencer® siRNA, ID #148590 Applied Bio Systems (Darmstadt)
siPTCD1 91 Silencer® siRNA, ID #148591 Applied Bio Systems (Darmstadt)
siPTCD1 2 S100695338 Qiagen (Hilden, Germany)
siPTCD1 3 S100695345 Qiagen (Hilden, Germany)
siPTCD1 4 S1000695352 Qiagen (Hilden, Germany)
siPTCD1 5 S103185350 Qiagen (Hilden, Germany)

siSP1 siGENOME SMARTpool M-026959-00 Perbio Science Germany

Germany)

siTBPL1 58 Silencer® siRNA, ID #114458 Applied Bio Systems (Darmstadt)
siTBPL1 59 Silencer® siRNA, ID #114459 Applied Bio Systems (Darmstadt)
siTBPL1 60 Silencer® siRNA, ID #114460 Applied Bio Systems (Darmstadt)
siTFEB 04 Silencer® siRNA, ID #108204 Applied Bio Systems (Darmstadt)
siTFEB 16 Silencer® siRNA, ID #6616 Applied Bio Systems (Darmstadt)
siTFEB 19 Silencer® siRNA, ID #114719 Applied Bio Systems (Darmstadt)

The functional relevance of all potential target proteins was verified using siRNA technology in
the eNOS-promoter reporter cell line EA.csr03. For this technology to be used successfully in
the eNOS-transcription test, 3-4 commercially available siRNAs with different target
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si LGALS3 93 si MAPK1 09 si MAPK1 10 si MAPK1 12 si MAPK1 13 si MAPK3 04 si MAPK3
05 si MAPK3 20 si MAPK7 14 si MAPK7 87 si MAPK7 92 si MAPK7 9 si MAPK7 10 si MAPKY
13 si MARK7 1@EansnMaXics of all validated siRNAs and verification of the most efficient ones in the

eNOS-transcription test
25
The survey of the efficiencies of different siRNAs to the target proteins were tested. The
respective residual mRNA was determined by quantitative RT-PCR, 24 hours after transfection
of human endothelial cells (EA.hy926/EA.csr03). Next, the most efficient siRNAs were
selected and were used in the eNOS-transcription test. The EA.csr03 cells were treated 48 hours
30  after transfection with AVE3085 (5uM) for a further 18h. After cell lysis, the luciferase activity

and the total cellular protein content were determined.
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si MAZ 8 SFPATZ1 2 si PATZ1 5 si PATZ1 6 si PARA°7 sipceP3 08%% PCBP3 15

si PCBP3 SBIRG9PDXK 40 si PHXK241 si PDXK 42 85 PR 09 si PIR 48 5#PI R 81

si PPP2CASITBPISi BBPP2CA 14 40 PPP2CA 36 si PRKAAL994 si PRKAAL 9®+$i PRKAAL 97
si PSAT1 4i7Fes TCD1 89 si BFEMW1 90 si PTCD1 94+si PTCD1 2 si PdcCb: 3 si PTCDL 4
si PTCDL Spsp&Rlasi TBPL1 5843 TBPL 1 59 si 8Pkt 60 si TFEB gk SisTFEB 16

Si TFEB 19 cRIAH328460 54,4 88+ 9 91+ 10
SIHEBP1 25 1042 89 + 8 64 +8*
SIMAPK7 14Q 27+7 64+6* 93 + 2
siPCBP3 15 1942 78+7 111+ 12
SIHTATIP2 72 8+ 1 82+4 125 + 13
SICMAS 01 742 81+ 10 103 + 10
SIMAPK3 05 6+2 90 + 15 114 + 11
SilDH3A 44 742 87 + 11 121+ 11
SiPRKAA1 96 9+2 82 + 11 99 + 16
SIPSAT1 742 82+4 97 +3
siGLO1 15 6+ 1 72+ 18 * 113 + 16
SIADK 74 91 79+ 15 100 + 14
SiPDXK 42 8+ 1 77+7 91 + 11
SiPTCD1 3 40 + 22 78 + 1 107 + 4

(* p<0.05 vs. siLV2-control)

15 Only HEBPI1 displayed, after switching-off by siRNA, a significant reduction of eNOS-
promoter activation by AVE3085 of 64% versus siLV2-control. It was therefore the only
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For transcription test for eNOS promoter activation, 20 000 cells per well of the reporter cell
line EA.csr03 were sown in a white 96-well cell culture plate. After 24 hours, various dilutions
of the substance in cell culture medium were prepared starting from DMSO stock solutions and
15  were preincubated for 10 min at 37°C on a water bath. Then these incubation media
(100ul/well) were added to the cells. After incubation for 18 hours, the cells were washed twice
with DPBS (100ul/well) and luciferase lysis buffer (50ul/well) was added. After 10 min, the
solubilized luciferase-substrate luciferin (100ul/well) was added to the cell lysates. During the
luciferase-catalyzed oxidation of luciferin to oxyluciferin there is release of
20 chemiluminescence. The emitted light is a measure of the luciferase activity and hence
indirectly a measure of the eNOS-promoter activation. The light units released were measured

in the Genios microplate reader from Tecan Deutschland (Crailsheim, Germany).

In experiments in which the EA.csrO3 cells were treated with various siRNAs prior to
25  measurement of luciferase activity, sometimes there were slight changes in the numbers of cells
on account of toxic effects. Therefore, for standardization of luciferase activity, it was
necessary to determine the total protein content of the cell lysates. For this, after treatment the
cells were washed twice with 100ul/well DPBS and dissolved in 60ul/well of a CHAPS-lysis
buffer of HEPES (20 mM, pH 7.4), sodium chloride (150 mM) and 1.1% CHAPS, and shaken
30 for 20 min at room temperature. From each sample, 15ul of this lysate was removed,
transferred to a protein determination plate and diluted with 135ul water in the ratio 1:10. The

total protein content was determined with the Micro BCA protein determination test in



Q agen (H !den, Germany) Perbio Science Germany (Bonn, Germany) Applied Bio
Systens (Darnstadt) Applied Bio Systens (Darnstadt) Applied Bio Systens
(Dar nst adwp 2pdeesd Bi 0 Systens (Darnstadt) Applied Bi opBysiresmw/o6i98y nst adt )
Applied Bio Systens (Darnstadt) The functional relevance of all potential
target proteins was verified using siRNA technology in the eNOS-pronoter
reporter cell line EA csr03. For this technology to be used successfully in
the eNOS-transcription test, 3-4 comergially available siRNAs with
different target WD 2010/ 063652PCT/ EP2009/ 065989 - 41 - sequences, which
differed very markedly in their efficiency in the swtching-off of their
target pc@idinns,widetle umadfatorcrgaidbricgivget Incedutli dat el5uFaif doddhtednice@tatan of

the best s{RNAs, these were transfected in EA hy926 cells (final 5 .

concent ﬁ%ﬁe@ﬁe eRbAMISURTESEE Wat a&éeé tgitheraRadung 4agl %@?& lé?at%weﬁ&agéhﬁt heifesee was
i50'ategmﬁ@%d%Hd&&ﬁﬁhaﬂﬁ%b%ﬁﬁ%&Bhﬂﬂn@ unt of RNA of the respective target
was determned quantitatively in RI-PCR in conparison with GAPDH. |If a good

anti body to the candidate protein existed, the protein expression was
anal yzedq in.separate setups 48 hours after si RNA-transfecti yo lLysi s, of
the. ot Pulblic GaBSE ohe "ot nerTn g b oy Ferr e e; BN R aN 403
conpar i gefty et R SARRRverd RRsBRbdhs Abad V4TBe F QfandATRIGiaBEN R Qi M@Se of
sel ected on the basis of previously conducted kinetic investigations of

var i ous thsi RNAE Wasassesprst wehewiSjudenint tghti' cht @ hevabigi afctil. ¢igthe fdptarwere eemed to
peak at,the niNA | evel 24h after, transfecti.on « at the protein |eve
after 4§RS§H15%%dﬂlﬂM?%b 1?%§Jgﬂ%glaﬂgﬁW» rangfg?ron. After identifying the
nost efficient si RNA for each potential target, it was then used in
EA.csr03 cells in the eNOS-transcription test. It was thus possible,

t hr dligh Ashig thy Risyiousyniloenevalidptionsi dfgeasipps siRNAedle prost effisient HERHvERNAgat e
pr ot oi n 1y LR S IR, AN nu R BRE R KRBT oo e Tary g cbid 1€
enhancemeatd wvAMESHEBPS hiQuind siAEBBh @O 695 ekl 49% GTERT1-mRINA, trhepcefidBy, could
promot ersfill be detected 24 hours after transfection. In contrast, after treatment of the cells with
SsiHEBP1 25 the residual amount of HEBP1-mRNA, at 10% versus siL.V2-controls, was very
15  small. Thus, siHEBP1 25 provides a very efficient siRNA for switching off HEBPI in the
cellular context and is very suitable for further use in the eNOS-transcription test. Validation at
the protein level was not possible for this potential target, as no functioning antibody was

available.

20 Next, the test conditions used were employed in the eNOS-transcription test (Fig. 2). In siLV2-
treated control cells, induction of the eNOS promoter by AVE3085 by a factor of 2.4 versus
DMSO-control is possible. If, however, HEBP1 is switched off using siHEBP1 25, the
promoter is inducible significantly versus siLV2 only by a factor of 1.6. On the basis of this
result, HEBP1 is probably a protein that has a central role in AVE3085-mediated eNOS-

25  transcription enhancement.

EXAMPLE 4
Biochemical validation of heme-binding protein 1 (HEBP1) as a potential target for eNOS-
transcription enhancement

30



4. General review of all validated si RNAs and verification of the nost
efficient ones in the eNOS-transcription test 25 The survey of the

ef fi ci encwe0mioeskdstf erent si RNAs to the target proteinspoemPaest@de The
respective residual nmRNA was determ ned by quantitative RT-PCR, 24 hours
after transfection of human endothelial cells (EA hy926/EA. csr03). Next,
the nost efficient si RNAs were selected and were used in the
eNOS-transcription test. The EA csr03 cells were treated 48 hours 30after
transfection with AVE3085 (5iuM for a further 18h. After cell lysis, the
| uci ferase activity and the total cellular protein content were determ ned.
WO 2010146 3m2Phihd g2 pRfddin 6 5 GBEBP Y2was Ale tdndy viendidaeaptontin ofor awhick) RNAS
required the use of several 96-well cell culture plates, The
AVE3085-SWH6HE%'6?fr Hisopiotsin 3% R itﬁ‘/‘il'tn?'%s thfepeirtinR P fr BE 8O RTgMPKE by
DVSO- contyologk Weisf-efiasg activity. Through the switching-off of HEBPl, the
eNCS pronoter could now only be activated significantly by a factor of 1.6
in conparison with the siLV2-control by a factor of 5 2.4. Therefore, the

HEBP1- protej n.seens. .t 0.pl a r.ol.e i.n AVE3085- nedi at NOSt r anscri,pt.ion
enhahooBRE gy VR Gy S PG G B DB St G bR "B U ORI FS he
eNOS- t 1 @RRCEhtdd9 NedrBidbreialljeaRiiasevadigs hefk SooimeheahiReal GAGHI Mgt at e
of the pronoter and on AVE3085-i nduced 10 pronoter activation are

summar i edminy, Tatdleg Ko, HAGH8B5-AGUmvhewedbfonsiderablesusinspecticiti¢seiniysitern Blot

S L. olned bt Ry BRI DR BiobBh RS als§alyt comfpordilly iRie: Thosefars,

that couh @nﬁhla&ya)frf@ﬂﬂearazaliaaafoge:vork%s%@ﬁﬁﬁanmeg@raﬁsﬁdl drddonsiFichién &Mhuman
enhancenent. 5. Selection of efficient si RNAs and use in the
eNo%0t r 88 liption test with the exanpl e of 5hene-binding protein 1 (HEBP1)

1. Expression and purification of human heme-binding protein 1

To improve purification, HEBP1 was provided with Hexahis-affinity labeling at the N-terminus

15  and was expressed in E. coli by recombinant techniques using a previously cloned expression
plasmid. The cell pellets from a total of 4 liters of E. coli culture were used for each purification
run. The Hexahis-HEBP1 was purified as described in the following using a Hexahis-binding
affinity material (TALON™™ Superflow Metal Affinity Column).

20 Since human heme-binding protein 1 (HEBP1) is not commercially available, but was required
as potential target for further validation of this protein as potential target, it was expressed in E.
coli by recombinant techniques and and then isolated. For cloning of an expression vector for
human Hexahis-HEBP1 for E. coli, the human HEBP1 gene was amplified in PCR by means of
an available expression vector for mammalian cells "huHEBP1-pcDNA3.1", using Phusion™

25  Hot Start High-Fidelity DNA-polymerase. The human HEBP1 gene was provided with an

ecoR1 cleavage site at the 5'-end through primer design. The primers used were

forward-EcoR1: 5-CGTGAATTCGATCAAGAACTCGCTGTTCG-3' SEQ ID NO: 24
reverse: 5S-TAAACGGGCCCTCTAGACTC-3' SEQ ID NO: 25
30

The PCR-product obtained was isolated with the QIAquick PCR purification system and was
inserted via the EcoRI and Xhol cleavage sites in the "multiple cloning site” (MCS) of the basis



As al ready nentioned, HEBP1 was the only protein for which, after

swi tching-off through si RNA, the eNOS pronoter could no | onger be activated
to the saweewimwpis2as the siLV2- control. Therefore, HEBRI/EPpbanlocsobe
adopted once again as an exanple of a candidate for 10 eNOS-transcription
enhancenent by AVE3085. For transcription test for eNOS pronoter
activation, 20 000 cells per well of the reporter cell line EA csr03 were
sown in a white 96-well cell culture plgte. After 24 hours, various
dilutions of the substance in cell culture nmediumwere prepared starting
from DVMSO stock solutions and 15 were preincubated for 10 mn at 37C on a
wat er batdtor Chanpibh@SeETI0MNEH IS by ieditad (igotanl /The bhyis wene wddebicddy dabrées,
cells. After incuhation for 18 hours, .the cells_were shed twice with BS
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mn, the,s sﬂgﬁfério?&[gtdtﬂgil\ffem&%'&SUbStrate luciferin (100g1l/well) was added
to the cell lysates. During the |uciferase-catal yzed oxidation of luciferin

to oxyluciferin there is rel ease of 20 chem | um nescence. The emtted
light is,a neasuye. of the |uciferase activit hence .j ndi r ect a
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was necessary to determine the total protein content of the cell |ysates.
For this, after treatnment the cells were washed twice with 100gl/well DPBS

and 18l s&gpigadon af Gugymygs protoin HexanpHEBP | washeprfied owf usHEPis crkpISHMR VRHor

7. 4), i | QFi , 0 P : i n at
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t r ansf e ed/it cha chemiceliy cdeipetem S@iinoOBRLP] Ste ANDESD) | wiedeledted TRSstranatier

inthe ratio 1:10. The total protein ntent was .determped with the Mcro
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doubl y-concentrated | uciferase ce ysi s reagent was add
r emab ni mRMAS Jactumelate, Ithsateedmel o ahdgheherdteni yieldader pootemi ¢xprevamndet Ehik ned

as descrbed BRYLoUSLY;, BLALal cal analyels, Bhoh s SRS D lad S5 1S
plasmid-DNA in a volume of 5ul was added. Incubation on ice for 30 min was followed by heat
shock for 30s at 42°C on a water bath. Then the cells were put on ice immediately, 250ul of
S.0.C. transformation medium was added, shaking for one hour at 37°C. Then in ecach case
20 100ul was plated on an ampicillin-agar plate, in order to select transformed cells via the
ampicillin-resistance gene present on the expression plasmid. The agar plate was incubated
overnight at 37°C, then four different clones were inoculated in 5 ml Luria Bertani medium
(10g trypton; 5g yeast extract; 10g sodium chloride and water to 1000 ml) with carbenicillin
(50ug/ml) and again cultivated overnight. In each case, glycerol was added to 1 ml of these
25  cultures and this was stored as stock culture at -70°C. The remaining 4 ml of preculture was
cultivated in 100 ml of LB medium with carbenicillin (50ug/ml) up to an optical density of 0.6
at a wavelength of A=600nm (ODggo) and added to 1 mM isopropyl-p-D-thiogalactopyranoside
(IPTG), an inductor of the /ac-operon in E. coli. The IPTG interacts with the repressor LacR
and so prevents it binding to the operator. The transcription of the relevant gene is activated.
30 After induction of protein expression by IPTG, the cells were cultivated for a further 4h. To
harvest the cells, the cell suspension was centrifuged in several portions for 15 min at 3000

x g/4°C, the medium was removed and the pellets were stored at -20°C until further use.



software. All the results were presented as nean val ue + standard
devi ation. The significance of the results was assessed with a "Student t
test”. Atwe 2prvmbase of <0.05 the data were deemed to berpsrgredoiooesysy and
were indicated in the graphs with "* "or "# ". 10 As in the previously
shown val i dations of various si RNAs, the nost efficient HEBPl-si RNA was
identified at the nRNA | evel using quantitative RT-PCR (Fig. 1). In the
case of cells treated with si HEBP1 12 and si HEBP1 20, 69% and 40%
HEBP1- nRNA, respectively, could still be detected 24 hours after
transfection. In contrast, after treatnment of the cells with si HEBP1 25 the
resi dual anmount of HEBP1-nRNA, at 10% versus silLV2-controls, was very 15
smal | . Thus, siHEBP1 25 provides a very efficient. si RNA for switching off
HEBPL i rfhe hlexahipFhBR! rgWpusly oxprassed Hvéfgplgw pBIfisdichromapgaphicy HUsiFe dhe
eNOS t I BRRATARIIRL {8 Hoalfilak IELIRR. BleiliRe. BEALRLR 1RSI SmAeloIRQRE B ©
ar u o} I 20

for this potenti al get, as no nctlon?ng ant dy was aval l abl e.

Next , t bfinitygturifioatitint wens TadEN WeSepcefiph oyzal :ffinitsheolemd $Ctangarhdrabptataiest est

(Fig, 2 | n.siLV2- eated. contral cell.s, inductign of the e r.onot er
by AvEsdesngyt Yl SAP St GRSt tiensl wiRprsi g cfrstd BN prd R e,
HEBP1 | ScsiirdseNRAdObY chtdatiiy as%eh{EBEﬁL it3§urlec|éETl%oﬂ%Wﬂ%higﬁl | Pt PhtSraction of
significantly versus siLV2 only by a factor of 1.6. On yhe basis of this
resul t, theEBPding rpsidurabivith ghpreobat mortshagcondbinaat eeeteinal whisheari provided with
AVE3085+ i.ated,.eNOS- 25t ranscr.iptiopn enhancenent . LE 4 Bi.ochem,ca
Vel 1 dac TGS REBRET b0 APRFEPR' o PesBR TURGhy ol Whispord crpRfee g
eNOSt r apsiasipRtik ofllRManeeiel mdMD 12040/ 863mbidRaphZFPAMNOC NEaH28Ative ffdtein The
hene- bi nding protein 1 (HEBP1) was the only candidate protein for which,
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eNCS pronoter by AVE3085 was reduced. 5 The starting situation for further
bi ochem cal validation work for HEBP1 was not sinple. The only anti body
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was reconbi'nant “expression and purification of human 10 HEBPI. 1. Expression
and 1pur ifdr catploe rafovialioall pretrdebi ndi ng protein 1 To inprove purification
HEBP1 was provided with Hexahis-affinity |labeling at the NNterm nus 15 and
was expressed in E. coli by reconbi nant techni ques using a previously

cloned @yppHesHERdnRfaBBIHbxaliREERP1, tReIckRPsatd QaY appiRidalo OF PALONSESuRAE.
coli culture were used for each purification run. e Hexahi s- HEBP1 was
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n .
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means of an avail abl e expression vector for nmanmalian cells

" huHEBP I poBid43.id 4 fragsomgolRicts| BHTEM PY dotct&@t with vhiidibe Faddbidtlys connected to
DNA- pol ymer ase. The human HEBP1 gene was provi ded with an ecoRl cl eava
ite at neolamieHdVnponigle for mpitorgRath gapliephign pffi th o6l BStF gikk e elution of
f or war dEC Rl {33 p |CGTGAATTCGATCAAGAACTCGCTGTTCG 3' SEQ | D NO. 24

reverse: 5 - TAAACGGGECCCTCTAGACTC- 3" SEQ ID NO 25 30 WO

2010/ 063652PCT/ EP2009/ 065989

The runthrough and the fractions obtained, which were combined in pairs in each case, were
concentrated by centrifugation at 4000 x g in Amicon tubes with an exclusion size of 10kDa.
By rinsing in each case with 8 ml dialysis buffer pH 7.4 of HEPES (20 mM) and sodium
30 chloride (100 mM) and additional centrifugation steps, additionally a buffer exchange of the
samples was performed, finally concentrating to a final volume of approx. 0.5 ml. Small

amounts of the concentrates were taken and SDS samples were prepared for analysis by SDS-



- 46 - vector Chanpi onTM pET302/ NT-Hi s by directed ligation. The basis
vector used already carries, at the 5 -end of the MCS, the genetic code for
Hexahi s- avbi2nidiog3dsabel i ng and for attachnent of the desipreEdPpoiooiesosto the
N-term nus. 5 The vector obtained was transforned into conpetent JMLO9 E.
coli cells, anplified there and the plasm d-DNA was purified with the
PureYi el dTM plasm d preparation system Finally, the concentration and
purity of the DNA was determined in a vl une of 2gl1 using the NanoDropO

ND- 1000 spectrophot oneter (NanoDrop Technol ogies, WIm ngton, USA). 10
Expression of the human protein Hexahi s-HEBP1 was carried out using the
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degradation of nMRNA transcripts. OMng to the resultant RNase-deficiency,
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The Hexahi s- HEBP1 previously expressed in E. coli was purified

chromat ographically using an "AKTApurifier” (GE Heal thcare Europe,
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whi ch conpetes wth the histidine residues for binding to the cobalt ions.
| n each 1288e ad fram TALEN( 1P Ty acrlonoshebfpletge mugr domofTheedbsepet | raoleomsr

used for lLysis.of the E. coli.cells. The cells e c ly resuspended
and centiidit ol oK Secsment ainBe yarlieq) s & IR FETEREL ¥ bR REN
super nabadd wiBs JRGVAPrANdONRS iPdESEedblchik QUITEha" @ndivh&1oRr ih ehcké Fagiionkdf or
conplete renoval of all particles. For purification of the Hexahis-HEBPL,

t he cel knd {hiaméehike aglpper fdEBPthe TALON col umm, rinsed beforehand with
equl3j)brati on buffer (pH 7.0) of sodi um phosphate (50 nmM and sodi um
chloride (300 M), at a flowrate of 0.5 mM/mn. The colum was rewashed
Wi th 10780 reQlltuffdm silver staining was confirmed in immunological detection of the Hexahis-

affinity labeling in Western Blot. Very large amounts of Hexahis-labeled HEBP1 with a



20 volunmes of equilibration buffer and the bound, Hexahi s-|abel ed HEBP1 was
washed fromthe colum with an i m dazol e-containing elution buffer pH 7.0
consi st i nyoabiogwesdsam phosphate (50 mM), sodi um chl ori de pC3GP2000)068d

i mdazole (150 mM. The eluate was collected in 2- nl portions in a
fraction collector. Wth a UV detector with variabl e wavel engt hs connect ed
to the columm, it was possible to nonitor both application of the cell

| ysate and the elution of 25 Hexahis-HEBP1. The runthrough and the

fracti ons obtai ned, which were conbined in pairs in each case, were
concentrated by centrifugation at 4000 x g in Amcon tubes with an

excl usi awlsiukze weighOlba-23BDar woi dgettod dacfagdae M td 28. ridnddi agaysi s dbighf er

pH 7.4 of HEPES (20 nM .and sodium_30 chloride (100 nd addi ti gnal
cent ri f UEPREABRAERE SO B %qt@?ﬁgy Ity the Blexeids-labeling e ngeﬁeatsammw%@
per f o Mehicif ik bY a FAMGEMdiBlioRD 1 Freldrdabe Y AP IPfhe 3ARIRY e nd HBapiSITal |
anounts of the concentrates were taken and SDS sanpl es were 5%epared for
anal ysi $1HBP1SPS: rectiniZ201lfy (06 366 RTT. EPROHSE 066©0§Roteind® the FAN@EN amatersil Itk
staining or W ﬁ@rn bl ot. The remai nder was either used inmediately in
subs2quikf 8&%@ f¥&Rts or was shock-frozen in liquid nitrogen and stored at
-20C until further use. 5 For observation of the elution process,
absorption was nmeasured at the wavel engths k=280nm and k=405nm The

absor pt Basedaen the2emutimfion silvgenlemang ashWigstertt Blot,prastiens 1 6-28 mathcoparatiy reif tlep
protein W iL,fional absaorption. at, ks405nm. The el ution of. .
Feant s TR SRR SHRenfia Bt TRO RN ip SBR Hb® Trefinua sgpony o
10 r et eRtak @otethiied uSingrthé BCA hfModr &ehéraly 4Qotahef Bmpas parisib@hpmai Hexakie- i n
the protein and henme content of the fractions. Elution of the main

pr opbr t FEBIf watebtipest Bpm ang puefiBEioRoni tored up to fraction 16, after which
there was a continual decrease in protein content. Starting fromthis
fraction, the chromatogram showed a kind of "shoul der" at k=280nm the

hei ght af whBahlicgstudinued6kldisdadiERElebyaqetnblying béatptophdaditvackcendanst
returned to the basal level. 15 Al fractions were conbined in pairs and

t hen buffer exchange was carried out wwth 20 nmM HEPES (pH 7.4) and 100 niM
sodi um gp} %ﬂrﬁﬁ Lot "ERANE sRfdes! wiHazha SEBPl, B %Sﬁ‘cQ;Ei;bleTﬂﬁuﬁﬁi@'tlﬁsin\fﬁr{s‘?c
concentrat ed an% smal | anounts were taken for generating SDS sanples, the
r estls beiflngressade iaf thebspefopimn ecsphics netnks34080, ThhegSES sartptlies vgenlengtheadf

fromthe_ cti.gns re bmtted to.ge] el ectyophorgsis,. For control ..

Ut posed= 2B S aph AUBBEH Ffu o SUGHTST RBOUTE BF BPRPHE it it

appl i edprokit@fty $6 kneetirypidptanirBdd@fs. Thig 1R UEIaNddebabd8f B@fins® flisrosRAseasdt on

of the Iglexahl s-labeling of the HEBP1 in Wstern Blot were carried out in

par al | ethergropreyvidees measirpiferghe bindeng efryligandolmeslento epiinzipp thexexpodmpatal

protein are.discernible i 1l fracti ons -%.2-2 and fromfra t{'op1 16 it is.in
%ﬁ S 1T W ﬁlt'd e. the

o) st enBbepy By afelsh o AR ERRF Sis PR T Bl e Phecangbid

agr eeneptopéiticl of i rebeeligdnt CRikaMaHEBRIf, 21kDa of HEBP1. A second protein
band with a size of approx. 40kDa is discernible as a slight
"contam nation" in these fractions, and this m ght be a diner of HEBPl. 30

WO 201029636?ﬁ&%&ﬁé@%%@é%ﬁ&o%ﬂﬁeiam%ggph ar wei ght of -23kDa were

detected in actro ce again, a slight "contam nation" al so
with anti body to the Hexahis-Ilabeling was detected at approx. 40kDa, which

m ght be a further indicat.i f the presen of a dimer. In the

Fun- t hr QUGPSR A RIE (PUSHEHESA Byo R LRTHBEST St bt

of the PriR¢iBAIMbLE PO a0 290HMNBAE hbBdhotv@PKBRBH 8k EnisIkBak | ekt & WHPES-buffered
solution of HEBP1 (0.5uM) was excited at a wavelength of A=290nm and the resultant

emission was determined at various wavelengths.

Measurement of the emission spectrum showed a maximum at a wavelength of A=340nm. To
30  construct an excitation spectrum excitation was carried out at various wavelengths and the
emission was measured at a constant wavelength of A=340nm. This spectrum showed an

excitation maximum at A=295nm.



Based on the results fromsilver staining and Western Blot, fractions 16-28
with a purity of the HEBP1 of >95% were used in subsequent tests. The

pr ot ei n cwotzerwoesds2t he i ndi vi dual fractions was determ meu/Ep30m@cioke BCA
met hod. Generally a total of 8nmg of purified human Hexahis- 10 HEBP1 was
obt ai ned fromone purification. 2.Binding studies on 6xH s-huHEBP1 by
quenchi ng of tryptophan fluorescence For carrying out binding studies with
human HEBP1, it is possible to utilize dyhe intrinsic 15 fluorescence of
the tryptophan residues at k=340nm using an excitation wavel ength of
k=295nm The resultant fluorescence can be "quenched" by binding of
porphyrins in spatial proximty to the tryptophan residues. This |leads to a
decrease_ of intrinsic quorescenc?, whi ch tgggefore provi des a neasure for
the bi ndiPRgPEFITscPRig haractesizefiote of thamsnt Hexahas-HEBPdx sett #89¢ 2rcaIal tWibhs
for the TEASH ' ' e vahualg the
spectrogg%%#%%ggwpropeéﬁles %%bﬁﬁ%ﬁﬁg%%E iﬁ§ﬁ§”$%2§%?§@ﬁéﬁp?. '

2. 1Spectroscopi ¢ characterization of Hexahis-HEBP1L An absorption spectrum
of HEBPL (35gM,.usi a Nanodr op0 phot ter sh strong 25 princi pal
absor pt ¥dn a g&@%QWﬂ%WPH89%pﬁ@ﬂﬁgwgﬁﬁf%mgigﬁﬁﬁﬁﬁ¥€ﬁ$g result, next a
HEPES- buf f ered sol uti on of HEBP1 (0.5gM was excited at a wavel ength of
k=290nm and the resultant em ssion was determ ned at various wavel engt hs.
Measur eMsnt, stidicsoé thenbisding ot bgrat andmretieporptiyran h8xP o te humanddeahla prdtHB R
k=340nm,, 0. pSQEONFLAI (AN EXEIL L0 SREFLIMM.EXCHIALLAD as carii & out
at vari ous w%&gigﬁﬁ hs a 3'P%epe%135|o ey meReBTEGIE A B ohSt afit™ ut
wavel engitdigd skreB4ORnith hliingn SPEBPI Wit shen&d oan gl tirt imAndi@xiudiicaice of
k=295nm WD 2010/ 063652PCT/ EP2009/ 065989 - 50 - The spectroscopic . .
char@ct &ypeahanresigichibabire qer@hicd - FrBforpscenee esBHing it AsAEPm @ftemexcitation

subsequ n Q p R S ex.c=295 .
e300 & A A SRt Ao i
Next, sprciresy od thcheypiophdn ngidies. B meanctddtuotaparcp higcicasck Xs 4 Pitickontod thauman
Hexahi s- HEBP1 in t resence. of e transcription enhancers by tryptophan
quenchi ﬁ%m‘\ﬁé%tl%]a‘?f%% BegRes: USngdIony e GRFTESIa: 11> RN REBP e Rehe S e

out usiggahggxgntrinsic fluorescence of 10 tryptophan residues that are

cont ai ned. The fluorescence occurring at k=340nm after excitation with a
waveéebengt h of k=295nm can be "quenched" through the binding of porphyrins

in proximty t tryptophan resid . Th asured fl yorescenc

tocr oostlty A& HEdREPRIRanL SRpEbR o ro R Fik idhd S e BEERE Hene:
nonl i negslufi®d (eI Nand! dftdr SnABEEOPES LOmERIEUHrBp R RIrB’ENG P AIBIRES -
15 Hemn and PPI X at concentrations from 30nMto 10l LLM were added to a

buf f er edFIEERPIt wa natipessip oM higher perpleyrin eragenirations ewmglto the fpve padubility
tryptopﬂgg %bq@g%éggnce was neasured (Fig. 3). It was not possible to use
hi gher potPIYYT W>E0Rcent rati ons owing to the low solubility in aqueous
sysbens. A concentration-dependent decrease of fluorescence was observed
both for hem n and for PPI X. Nonlinear regression of the values gave |C50
val ues & canaepiptii-dapspdant seercaser of fluptsscqmps yvaspelicryed leatle iy Bemivged) foh be

10 ti meppfRr QoRaaP I’eg&&@i@n% e %ﬁe%ﬁv& f@s%i valheS 4P 3GAM FoM he‘?fﬁﬁearnidnﬁ'?ﬁ\? for

PPIX. Hemin therefore proved to be 10 times more potent than PPIX and was used in
subsequent experiments.

25
2.3 Influence of eNOS transcription enhancers on the binding of hemin to human Hexahis-

HEBP1

The influence of the eNOS-transcription enhancers on tryptophan quenching by hemin was
30  investigated next. In the experiments the recombinant human HEBP1 at a concentration of
500nM was preincubated on ice for 30 min with the eNOS-substance 9257 versus DMSO-
control in a binding buffer (pH 7.4) of HEPES (20 mM), sodium chloride (100 mM) and DTT



2.3l nfluence of eNOS transcription enhancers on the binding of hemin to
human Hexahi s- HEBP1 The influence of the eNOS-transcri ption enhancers on
t rypt ophanoquemehbésag by hemi n was 30 i nvestigated next. pcm/HEPb@9esey i nent s
t he reconbi nant human HEBP1 at a concentration of 500nM was prei ncubated on
ice for 30 mn wth the eNOS-substance 9257 versus DMSO- control in a
bi ndi ng buffer (pH 7.4) of HEPES (20 nM), sodiumchloride (100 mM and DIT
WO 2010/ 063652PCT/ EP2009/ 065989 -51 - (54 "M . Black, 96-well plates were
used as the reaction vessel. Then hem n or protoporphyrin | X was added at
varyi ng concentrations through addition of the 200-fold concentrated DVSO
st ock sol wiMpmladhkd I6-alibsited wieor uskd agithie &hcticnovosted mplematicutie or protapdryhyriche
trypt ophan fl uorescence was maas,ure@1 auiather previo imzation at kexc=
oy 3dd

t
295nm aht WaSrafdeS A0 KaYING QORECEIBEPRY Blogif tﬁéég ol ﬁ@e%ﬁmr@tsﬁt%wpand,

Crail sheigfk GRIERNYAd 18HaRGOFR! Yoemitsed ¥Rk %ﬁhgﬁ%?& Baalfy, Bfe ﬁ'\%&gﬁ Wi P
respect to AVE9488 and AVE3085 it possesses a higher potency and tgr
sol ubi | ifluyreacrct heas efasecd efdsprtviolesptimizheer areneedSnmt drids\.teS#0nh0On Fha st

i ti ted th bst 25 h the t t oph
T Lo e S oo R AR R A IS it aPEL o Do moatur ed (dat a

not shown). Therefore the binding of 9257 was investigated indirectly
t hrough conpetition with hemn. For this, HEBP1 (500nM was preincubat ed
wi t h 928he pragivpe anied wes svlstanges MDRBDdasawrcrwith rgspeerto 3RVEPHSS tred AV HIORP nt was

added at_varying.goncentrations, of 1-10uM.and |t s, incubated at.room
Fener aPtr ey R WERE FERLE b R sePble BALLGRR B e D5 Bt Eientt if B
fluoresegnce (Fig. 4). Fig. 4 shows a shift of the hem n binding curve to
the right during preincubation with 9257. Cal cul ation of the 1C50 val ue of
bot R0curves by nonlinear regression gave 3.4uM for 9257 20 versus 1. 1i uM

with the: S...n t f 1

thr ough e gr Soariedled VBGhG ALK Ba87 e CREER e Snfrh 86 Mlog@entoor

di spl acéEBRmi Mo fdeomrudchen Huodtsstgcp @oldet be whdabmad (dbtaehdt doemnd hiThgefohe the
tryptophan.fluorescence. . Tryptgophan fluqorescence test did not prove very
sui t abl 1] %ﬁ@d&%sa}rw&g%ﬁ% GHEATA ithfeuéss%%fgiﬂpaaﬁflﬂbhgm; hiet %‘F%%ﬁ%@
next eskﬁfb'n!\@h@% ﬁ}@i_n%hﬁa%d”'@rith‘ﬁsﬁ‘ﬂqu) 8 iGaLEXANBMEG- BRI RGP R{ih TRNT S
of the eNOS-transcription enhancers 'to human HEBP1l. 3. Bi nding experinents

of tihe &NOB tvaanslled piti vy @ghamcentsatioos dn@ui- Idekvé ing - HEBRL ilybatedisair ioog:

f1uor es?e%rl]pce% r%l fzoi{ Ell %u%ﬂe? [110 min before measuring the tryptophan fluorescence (Fig. 4).

Fig. 4 shows a shift of the hemin binding curve to the right during preincubation with 9257.
Calculation of the 1Csy value of both curves by nonlinear regression gave 3.4uM for 9257
20 versus 1.1uM with the DMSO-control. The ICsq value was increased by a factor of 3.1 through
the presence of 9257. The eNOS-transcription enhancer 9257 displaces hemin from the binding

pocket, without itself quenching the tryptophan fluorescence.

Tryptophan fluorescence test did not prove very suitable for more detailed and extensive
25  investigations. Therefore we next established an alternative method of carrying out binding

experiments of the eNOS-transcription enhancers to human HEBP1.

3. Binding experiments of the eNOS-transcription enhancers to human Hexahis-HEBP1 by
measuring fluorescence polarization

30



WO 2010/ 063652PCT/ EP2009/ 065989 - 52 - Further studies of the binding of
the eNOS-transcription enhancers to hunan HEBP1 were carried out using the
fl uor escewoeopalsassezat i on nmet hod. Substance A300 was usedTiEPRO®E®SPUr pose,
and was provided covalently with rhodam ne | abeling via a |inker. 5

Fl uor ophores generally emt linearly polarized light, if they are also
excited with linearly polarized light. The deflection of this fluorescence
pol ari zati on depends, however, on the extent to which the fluorophore can
rotate between the tinme of excitation and of emi ssion. If the fluorophore
can rotate in space and is not fixed to a binding partner, it emts

"i sot r oputhdr §iididOof itlmah'rnldmgp@ﬂ diel eAStraghdriptibn am@inderdt td heien HEBR 1 orrat

various angles. If, ver, the fluorop hortﬁlsflxed and is nologoger abl e
to rot a@@ﬂefitoumswg Ehﬁ YQIRRSSRCy PRIaYIZAtonR e P@h@u@fanae redfcwas r this
("ani 50&3{1@8 ndm %%19& Rh%d&hﬁﬁé B6dinQlia TRAGY | NG the bi ndi ng
of a fl escéence- eI ed nol ec to a proterln. gW thi s neasurenent

principle, prior to excitation in the measuring |nstrunent t he incident
light is Iinégg[ﬁ/ pol ari zed by a pol ari zer. The fluorescence 15 intensity |
g

of the emtt ht Psarmeashored Linkera _sec@pederpol ar i zer -TANRAso- cal | ed
"anal yzer", |at two positions relativé to the first ‘polari zer (paral| el and
perpendi cul ar). The polarization P is defined by the fek{ewng equation:
| paral | el A pei pendieu | ar kparall el G pei pendi eu | ar S [ at i on
‘parallel:fluorescencg i my measur ed when pol afi zend anal yzer are
paral l el to |one anot her erpendi cul ar: fl uorescenca i nt ensi-dy neasured when
pol ari zer and anal yzer 8re pé€ i t Jt.he
2010/ 063652RCT/ EP2009/ 065989 - 53 - Gmint ﬁ Lor specific
to the instrijunent) The pol arization P obtained is a.di Si 'ess quantity,
which is oftlen stated in nmP (= mlli-polarization uni t he present
wor k the fl uorescence pol arization nethod was used for T uct i ng bji ndi ng
experi ments of the rhodam ne-Tabel'ed eNOS-substance A300 to reconbi nant
human Hexahi sHEBP1. For sanple preparation, various concentrations of the
subst ance A300 with Hexahi sHEBP1 or BSA in a bi ndi ng buffer (pH 7.4) HEPES
(20 mV) FrR06pHeRRsCmREdIgCerht Othda) sndi R Tidhl Me;}"‘%’f@ aRBt cxRfted GRith Ahbsty
i ncubation at roomtenmperature for 10 mn, the polarization 10 was rreasured
at an exelatiaed leghtv@lwedeéhgmcm of thks=BROmeEN Pobwizatsdode paadse hewgtdn, @f thk =88Bhm
in the Safi.r l.at e reade Teca tschl and,..Crail shei m . Cerpany).
For 't he TP HEnTUTBRRFT S Shecn b EEED M RS coh Stk it BF Sipiesy JEHR 1
a gl ass ﬂlaelto&)ﬁmevmefom@dl spect al Vehys fired ’éd'@)bnﬁﬁ@g pRdACk %mlﬁsedsobmplcauy"
round fluorescence. 153. 1Activity of

particul arl ow bacwg th
r hod@ni H@eqrémﬂlaweéd t HineughABEDSiciotaHan aNpBioUp ARSley. |If)thP&YﬁVQfe’§le fluorophore

is fixed and is no longer able to rotate, it emits the linearly polarized light at a reduced angle

("anisotropy"). This phenomenon can be utilized for measuring the binding of a fluorescence-
labeled molecule to a protein. With this measurement principle, prior to excitation in the
measuring instrument the incident light is linearly polarized by a polarizer. The fluorescence
15  intensity I of the emitted light is measured in a second polarizer, the so-called "analyzer", at two
positions relative to the first polarizer (parallel and perpendicular). The polarization P is defined

by the following equation:

Ipa.rallel G Iperpendicu lar

Ipa.rallel + G Iperpendicu lar

20 P polarization
Ipacaliel: fluorescence intensity measured when polarizer and analyzer are parallel to one
another
Iperpendicular: ~ fluorescence intensity measured when polarizer and analyzer are perpendicular

to one another



Bef ore the actual biochem cal experinents, substance A300 was tested for
cellular activity in the eNOS-transcription test versus AVE3085 as

r ef er encewbyothaisessai ni ng concentrati on-effect curves of pCEPR@Ic®EDSt ance.
EC50 val ues of 160nM for A300 and 400nM for AVE3085 were 20 cal cul ated

usi ng nonlinear regression. Therefore, the rhodam ne-| abel ed eNOS- subst ance
A300 had 2.5-tinmes higher cellular activity than the reference and was very
suitable for use in binding experinentssusing the fluorescence polarization
met hod. 3. 2Spectroscopi c characterization of the rhodam ne-I abel ed

eNOS- subst ance A300 25 First, an absorption spectrum of substance A300
(100nM Gaas recor degshiting &chorf(h €xcant spedifit toothe insorumdehh an absor pti on maxi num

was detected at a wavel engt.h of. 555n A technical limtatjon of the.
Sari 1 oo T opbpvat P ORI S adimengm gy BEr o i st bR 5 < M-
wavel engbhsizald @v@).| abl e for the measurement of fluorescence polarization.
However, neasurenent of em ssion is possible at any desired wavel ength. WO
2010/ 063652PCT/ EP2009/ 065989 - 54 - The excitation wavel ength nearest to
the excitatian X aof 4 A300, and .avai.lable, in Safir was, k=530nm. For
st odbdli BRaTRORGE aibeierGut RSl Tostard o oS o SRR bR o el s,
an em SskEyinsReCH T the riedand gl dbelc@ GNER GBSt dnbBe BB00 t@kédmbitank AbdRA Mexbhik- Was
evident fromthe spectrumrecorded that even with this not entirely opti mal
exci t at FSBRIaVer expple preneation saions capcagntpnsceofuthg spest#rss AFawith tFif?Xhhlgh

sensitiyj i tem: t Car [yl irndi ng
tosts of LAl SATY RARRIEE U er (A E1EHEPES CHFATL SR GNNE (P80 piu Tl
pol ari z&TToA wdt)heade plion3icdBA fach ingubatiord dtesomf tetperatubo tharmOnmein| thb @oédization
eNOS- subst ance A300 to human HEBP1 by the fl uorescence pol arizatjon net hod
I'n B ndi"ig MPHYFE 4t anspiiaiias Wivelgngtl of Apiiiase ﬁeéssww?%ﬁgﬂwigﬁ%@m

concent gt hong ot 30AofIfke Wl AE: | (TEELATINGCHRANES TrhideRRS WrmblRBPlp e
added. To determ ne the nonspecific 15 portion by general proteli’'n binding,
par al | ekexpexpemitaredrtisd wet bereablacle @6outll witrotiegpddtecortb englast battrsn oferbavéde
serum al bym.n (BSA). The, proportion of i fi.c bindi can be estimated
from t h& P%lYeé&eaﬁé CYote f%agacggrﬁ@fir%' p(?ftlcl{%g@ﬁ?g q—a@%ﬁw&ﬂﬁu%?scfﬂ%e' nonspeci fic
binding to BSA (Fig. 5). 20 The binding curve of A300 to HEBP1 is a typical
saturation curve, reaching a plateau with increasing protein

cond&nt Bdt i oAstivityotihatrhademinglgbeledhsulistangs AG0Sin 8GN otrBSAriptian testar cur ve
i s obtained, indicating binding that does not becone saturated. By finding
the difference in polarization values for the binding of A300 to HEBP1 or

BSA, a @ufore tiganctixe bisumphii@d cxpdriniieritd)isabstdnte ABVOP@ES icoad dbr sid@tir factviby fdi ng
can be estimated. Using nonlinear regression, a KD 25 value of 11, 7gM can
be cal ctheatN@SHEASEREOR fest vErsHS BVt %@ agfrefprpnoe by drisHamingesensrriratepmeffect
4. Prelim ' EBRL ess| { ]2 | A¢H ' In
anot her et 8 Bl N o R A e o R R TREE
chr ani c chlealated IQingaiohliner aigressioan Thadfice dhentadamdicakbélad aNOSHmbstakaeai300
availablhe .sanpl es ffomcardi c tjssue . e

ad 2.5-times higher cellular activity than the reterence and was very suitable for use in binding

experiments using the fluorescence polarization method.

3.2 Spectroscopic characterization of the rhodamine-labeled eNOS-substance A300
25
First, an absorption spectrum of substance A300 (100nM) was recorded in a buffered solution,

in which an absorption maximum was detected at a wavelength of 555nm.

A technical limitation of the Safire’ microplate reader is that only four defined excitation
30 wavelengths are available for the measurement of fluorescence polarization. However,

measurement of emission is possible at any desired wavelength.



it was possible to determ ne the expression of HEBPl predicted at the nmRNA
| evel . The sequence of the HEBP1 gene has not yet been confirnmed in the
rat, and wo 2emeBabenti fied by WO 2010/ 063652PCT/ EP2009,Q00EPE®9/06939 -
sequence alignnent with other species, therefore the designation HEBP 1
_predicted (NM 001108651) is still used. Isolation of RNA fromthe cell
types used was carried out using the RNeasyO mni-isolation 5 nethod. In
the first step, a buffer containing guani dine thiocyanate and

13- nmer capt oet hanol (RLT buffer) was added to the cells, which very
effectively denatures proteins and in particular inactivates RNases. Cell
sanpl es Tha ckdieati6n wealvtlchgth medrewao ehd ¢xcitaidn masieudi s5ABMEAnd avARORlinISu§isS,
buffer and,the viscosjty was reduced by centrifugation for 2 mn at 14 000
x g in QRASHPEHWRrFEdhiy ﬁ??sméﬁr ¥eleflaHgn 7 /&ww)w%tfcﬂaﬁé}l{weaﬂw RRGASHEBERHEL | s
pr eci pi kA GAdpbLAAS WP L1 rHbldc AL TRARIARG SSgrhe RNeasyO

m ni - col um. Sevgral washihg steps wth various buffers are foll owed by
elution of the purified total-RNA with 50ial nuclease-free water. Cell

anples.in the 96-well fornat were .in_each ca i | ved. wi th 140 . ysi
baf F&r - Ml BRae T (PRt e BRBSS0 M SO AN Ao e
Bl OROBOY, 280100 thr A ci RNt (5K hH @0ul dBR HBRWedaFiaPhidh Rensit® ity Fh B bACIMIET ' S
instructions. The concentration and purity of the 15 prepared RNA were

det er ni Hwgefosi brgusgd KemesDyop0owibinddatests of £NS)hobstrtasto hNaao Bregphis-HEBP1
Technol ogine%helﬂm. " Cvgclem' ?%thqdn rlﬂS@ In this, froma total volune of 291,
the absd p%i on oY “YHE spgrrp E9OWAY Prg‘asured at a wavel ength of X=260nm
(A260) for nucleic acids. Conversion of the neasured absorption to the
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In another context, an animal study was conducted, in which rats developed chronic heart
30  failure after an induced myocardial infarction. From available RNA samples from cardiac tissue
it was possible to determine the expression of HEBP1 predicted at the mRNA level. The

sequence of the HEBP1 gene has not yet been confirmed in the rat, and it was identified by



15a role in the pathol ogy of this nodel, since expression was changed. WO
2010/ 063652PCT/ EP2009/ 065989 - 57 - Clains 1. A nethod of screening for a
nodul at orwofosn@sdshel i al NO synt hase (eNOS) expressi on, PETiEP20080653€9
conprising providing a test system conprising hene binding protein 1
(HEBP1) or a functionally active variant thereof, contacting the test
systemw th an agent, and detecting an effect of the agent on the
test system thereby identifying the aggnt as a 1Onodul ator of eNOS
expression. 2.The nethod of claim1l1l, whérein the test system further
conprises an eNOS pronoter and/or one or nore transcription factor(s) for
t he eNOscquenemt dignniznt Twéthmetlivod spécissl attrrctorer tRe  dbsigrakion t HEBRIS preglysédm
conprises_a Cellbéﬁi{tiﬁU|arly a mamalian cell, especially a human cell.

4. The MEMIQATHR sefillépedins 1 to 3, wherein the effect is deternined by

fluorescence. 5. The nethod of any of clains 1 to 4, wherein the nethod is
used for screening for a nedi canent for preventing and/or treating a
di sease liomtohwiRNANBBndhs telhctpeonsedoans caukdmouy using dradRdvasy®ubami-ish Isteas e.
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of HEBP1 nRNA or HEBP1 Proteln relative to a control is indicative of a
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decr eas %gfférealm%ttil\e/ %istcgsittyhv%ascr%altlge(al by centrifugation for 2 min at 14 000 x g in QIAshredder
columns. By adding 70% (v/v) ethanol, any RNA present is precipitated and binds to the silica
10  membrane of the RNeasy® mini-column. Several washing steps with various buffers are
followed by elution of the purified total-RNA with 50ul nuclease-free water. Cell samples in
the 96-well format were in each case dissolved with 140ul lysis buffer and were then isolated
by the RNeasy® mini-isolation method in the BIOROBOT 8000 from Qiagen (Hilden,
Germany) according to the manufacturer's instructions. The concentration and purity of the
15  prepared RNA were determined using a NanoDrop® ND-1000 spectrophotometer (NanoDrop
Technologies Inc., Wilmington, USA). In this, from a total volume of 2ul, the absorption of the
samples was measured at a wavelength of A=260nm (A260) for nucleic acids. Conversion of
the measured absorption to the concentration of the RNA solution was carried out by means of
the extinction coefficient of 40ng x cm™ x ul' on the basis of the Lambert-Beer law. A
20 conclusion about the purity of the RNA is obtained by additional absorption measurement at a
wavelength of A=280nm (A280), at which proteins, phenols or other impurities absorb. The
A260/A280 ratio should be as close as possible to the value of 2 for "pure” RNA. The RNA
obtained was then diluted in the ratio 1:5 and either used immediately in a quantitative RT-PCR
or stored at -80°C for future use.
25
Most of the RNA preparations could be used in quantitative RT-PCR directly, without
removing genomic DNA that is still present, as the available probes generally hybridized at an
exon-intron junction and so only resultant cDNA was recognized. In the case of probes that did
not fulfill this requirement, in accordance with the manufacturer's instructions, DNAse
30 digestion was carried out with the RNase-Free® DNAse set on the RNeasy® mini-column, in

conjunction with RNA isolation.



8. The method of claim®6 or 7, wherein the level is determned in a heart
cell. 359.The nethod of any of clains 6 to 8, wherein the cardi ovascul ar
di sease iwohesvds3dsai | ure and/ or nyocardial infarction. PAMIEP2009/065989

2010/ 063652PCT/ EP2009/ 065989 - 58 - 10. Use of HEBP1l for identifying a
medi cament for preventing and/or treating a di sease involving eNOS
dysfunction, particularly a cardiovascul ar di sease. 511. The use of claim
10, wherein the nedicanent alters, prefgrably increases, expression of
eNCS. 12. Use of HEBPl1 for detecting a conponent of eNCS signal
transduction. 1013. The use of any of clains 10 to 12 or the nethod of any
of claimse 1 to 9, wherein HEBPl1 is human HEBPl1. 14. Use of HEBP1 for the
regul at | %n of pr onot er vity. 15

ree dlfFerent groups each ?fvcl;t%l seven "amimals were investigated for HEBP1 predicted-
expression: one group was sham-operated, i.e. only the abdominal cavity was opened, without
inducing a myocardial infarction. Fourteen animals (two groups cach of seven animals)

5 developed chronic heart failure after a myocardial infarction was induced. One group was

treated for 9 weeks with the eNOS-transcription enhancer AVE3085 at a dose of 10mg/kg/day

versus placebo.

The total-RNA was isolated from the heart and the relative expression of HEBP1-predicted in
10 comparison with GAPDH was determined by quantitative RT-PCR (Fig. 6). The expression
data show that on comparing the animals that developed heart failure after myocardial
infarction, with the group that underwent the sham operation, there was an increase in
expression of HEBP1 predicted by a factor of 2. In contrast, treatment with AVE3085 did not
show any influence at all on expression of HEBP1 predicted. HEBP1 predicted appears to play

15 arole in the pathology of this model, since expression was changed.



10

15

20

25

30

35

WO 2010/063652 PCT/EP2009/065989

-57 -

Claims

A method of screening for a modulator of endothelial NO synthase (eNOS) expression,

the method comprising

— providing a test system comprising heme binding protein 1 (HEBP1) or a
functionally active variant thereof,

— contacting the test system with an agent, and

— detecting an effect of the agent on the test system, thereby identifying the agent as a
modulator of eNOS expression.

The method of claim 1, wherein the test system further comprises
— an eNOS promoter and/or

— one or more transcription factor(s) for the eNOS promoter.

The method of claim 1 or 2, wherein the test system comprises a cell, particularly a

mammalian cell, especially a human cell.

The method of any of claims 1 to 3, wherein the effect is determined by fluorescence.

The method of any of claims 1 to 4, wherein the method is used for screening for a
medicament for preventing and/or treating a disease involving eNOS dysfunction,

particularly a cardiovascular disease.

A method of diagnosing a cardiovascular disease in a subject, the method comprising

— determining the level of HEBP1 mRNA or HEBP1 protein in a sample obtained from
the subject,

wherein an increased or decreased level of HEBP1 mRNA or HEBP1 protein relative to a

control 1s indicative of a cardiovascular discase.

The method of claim 6, wherein the level is decreased relative to the control.

The method of claim 6 or 7, wherein the level is determined in a heart cell.

The method of any of claims 6 to 8, wherein the cardiovascular disease is heart failure

and/or myocardial infarction.
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11.

12.

13.

14.
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Use of HEBPI for identifying a medicament for preventing and/or treating a disease

involving eNOS dysfunction, particularly a cardiovascular disease.

The use of claim 10, wherein the medicament alters, preferably increases, expression of
eNOS.

Use of HEBP1 for detecting a component of eNOS signal transduction.

The use of any of claims 10 to 12 or the method of any of claims 1 to 9, wherein HEBP1
is human HEBP1.

Use of HEBP1 for the regulation of eNOS promoter activity.



