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Abst (aengl i sh)

Hemophilia A (HA) iscaugendtdfyichibdmayil ag i dins 6 «
Vil @mMislelv)sr i ty i s cat eges iadcetdlvbsaesyeedr eo n( <F VI
moder ®&t%9 , ( Bndd 0 U drréeddt phreiniina o n boyffsrt esqu e n t FVI
i nf usaiiomsng to pretemdbr schogpgdeebBomwyg epi sodes
patient s balk | mahraekyi heelssaor t amd sisporntnameaccrsani a

hemors(hlaggkhoseract remaseaes wuncl ear. Further mor
endot hel i al dys-f ahttamenvtv @amgn nseungporelosetoit regart i al
Il nvol vement of FVI I in Mmamed ti @as ing endot hel
To explore the role of FVII It hen feunndcobtihoed d lailt

outgrowth emondodtammedab o (kB G@EGENey erienddA/i dual s
( HBOECBHABOECs showed a r eduadaed rtesabguel dotgoernyi ca bcie
and a hi ghetrh@BOECsabillnittey e 8OECg!| wer ewhénakHAdu
a | enti (iLM3lr rvyeicotgo riv¥le hwittrhe aateecdo mbhegnédd BYI laly
resddwercst iToom corroborate these data, wWE8al so

i Nn-BOECs isnagowi gni f i camt Wyuthdcedbciroenaasleidt vy .

For t he, fiwausntd ttithnaet dnstVd gerti@nl T GaBcdt)i v atciahgadhesi
ki nase afQBnAE)wnstreamnefBMbsc.epwédrh transcriptol
proteomic analysis demonstrate that BOECs ex

genes and pranegi ngemdeddadterdacteol | ul arSmadcirfi ixc al

we focused on nidogen 2, i nvol ved iwhotslkee en
expression was -ldieGBeinkd epnatt htwoa yE VI | |

Subseqwent adggmast i ¢ reduction in vascular den
ongasndmpor t hobh @y M ViildjeeHA mi ce significantly
vessel formation. These prelcminatgl dat & hien d

vascutlavelrepment

I n conclusi bheg weteaflabowe BFE@seacnisst rating i ts
preserving the physiol olgn clAA, fwmernr e o\l lbof K &
absent, disruptions in endothelial sThinal i ng
stwdsent bakr mul ating preci $ert HArpatuéentsstra
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latl ce ni dat i ctighcidicdpuomnezt ame pmafoitbed i al
fammatoue ot is pag epecginednoz iukd le FMlolllo nel | ' ome
l ul e endotel i al]|

| a nosnnraan zrii tcwetrtca,, abbi amo osservato che |
| ate dal sanguge auHB QEaCxsi)ent inoetneovioi lImecnit e r
|l I a ded d ggpantBIOEICes )dii n termini di formazio
meabil i funzgiocosmdidnme ,edsadrie ripristinate ag:¢
filiche o in acuto o attraverso terapia d
spressione delgr&1diRd SaPRl/ ICas®elel wilss eg arma d C
zi ®Preal l@a” prima volta, mostriamo che | a ca
ata dal |l egame con | 6integrina beftoaacal (1 T
esi onFAK)naeseuna isetri @acldnlo,leatfghemé l OS1 t rascri
proteomi cheedil md ®tcehaed cetseplireéi mibasntor aFrivd lalnc h e
gespeessi one di geni e proteine |l egati al
racel |l ul arcei. dinanpoard arcadémgtereat ic2us ulespr ess
@ ndbaplat hRMaIYI TGHB AK.

cessivamente, abbiamo riscontratotwma rid
frismet teamibbi amo @oaoper vwantod i dlhae it etrragpti taa tgie
travauwnmewmingnivbilnatlif or mazi one dei vasi C ¢
ger ihgicFowlol Ic svol ge un ruolde Ivtaesuccoil aalre zrzeealzl
ebral e.

concilnusqguwenset,0 dlalvioa mo de s fledseifavtiol | gclailu ll diflefe e t

otdaroisalrialndxouo diretto ruol o nel mantener
Qwlest a riupedeceda forpmpgd aci saestdirategie te
i ehtdiemodn |l i a A



| nt roducti on

l1Coagul at i onanfda chteonmo pWlillli a A
a.Structure arcodafgwnfeattciitaonr oWl | |

The gene that &B8codked dfeasctomr tVlel Il ong ar m of
It measures 186 kb and it comprises 26 exons
bp) encoding for the B domain of factor VI I
measures apgppLOokibmatwe t h a c odi n ¢ 8esnecqoudeensc ef osrp

mat unaeamtrioueei n of 2332 amino acids (263 KDa)

A2, B, A3,(FKilgufasai&)2 et al . 1-M8rhden®ipt abDOI;
A i HEAVY,CHAIN 7 LIGHT CHAIN
l 1-372 Ri! 373-740 741-1648 “vioo 1649-2019 2020-2172 2173-2332 :
A1 A2 B A3 c1 e
B ' B Domain

ACTIVATION

Activation
—_—

C TENASE
COMPLEX +APC ..~~~
: ¢
INACTIVATION & Inactivation
& =
Arg562
Figure 1.f Matlaefcaact(cAVVIII domai ns, residuesawt shwwhhclhthe
activation and Acntaicvta B/iadtoi noann d¢ idiceal et ti( dBrh.r olm@®)c ni mati on and A2
del etthrooAuPgcCh FVI I |, factor VIl APC, activated protein C; I
Wil l ebr a(mhRla-Mbtacceemma .et al . 2022)



Foll owing cleavagealky,t Ridd fhuegawy ddhvaidre dwei g h |
(AA2B) and a | ight-Cid@Ga) n( efg@80e kDA) ( ASubseque
be activated by thrombin which binds to FVII
B donfagomre 1B).

Thr oiumg hsciolmpcuat at i onaln ammod|lryzsuelsaranedx per i ment s,
t he majFoMfliltly dochmeei nbseen el uci dated, deimahnt he
(D6OCIi ron et al. 2004, Venkateswarl u 2014, She
The B domain, encoded by a singl e emxitdepnosiinte
of the entire prlo&@H8Pn pladiOowW® )aeiqgdencél]| acks
ot her proteinspmanfacodirFmW desepiBE e some si mil
bet weheens e t wPa-Mbotobnset Addi B0D@awmbhiygt al str uc
I's not available in the Protein Data Bank (P
a pivotal role i n tthrea frfeigsuldicant@ toino ro fa r(dP tcp aecaerl a
2009 )Mmost of the data suggest that B domain i
protei pactlindeeteedd FVI I I (aFVIII1I) is composed o
an Al domai ni37a2ni noondacamdsA2l do nradioOn) , ( acnoil nl oe cat c

constituting the heavy chain with a lweiagnhdt o

C2 domains (athBBAd)acwhHsch6P0Orm the | ight cha
Il n wmiFWdi tdos t he phosphohi plld hasnudr fCaZcNa o(r@PASO W $ C
et al . 2011, aQrdf eionietti aatlees 2Q1ls6)ef f ect on act

compl ex that triggers(EaAeoactet valk.aFov/H9l8l6 ,bfiBknadys
FI Xa through anb&b, alt881#88, 3a3n6d, 1575189, f or mi ng
and to FX throda3é,h3.,a4m h®di1220@106d s d2BT@2BHERIi ns et
2004, TakeyamaTheets eale.tv B280t1s80)hendutbi on and t he
coagul ation cascadd hwhicom,v efrisn alnl yafn &f riti bor g tsrhas

subsequent aFVUYLl Formasulbswequently inactivate
byFXwhich bind to Arg336 and Arg563hemi and a
Dahl backs 1994, (FIligmtrieerl Cgt. al . 2010)

Il n the bloodstream, FVI 1 i s compl exed with

mol ecul e which-li iereédsEVItheblartducing its

APC When vascular injury occur s, vWF binds



promoting platelet adhesi on &dmodinadgdrvdddt ii mmt
coagul ation process by facilitating interact
catalytic activity of F[XemandubebseMareenntc2 § 1 @
et al.. 2022)

b . Hemophilia A: etiology and epidemiola
Hemophilia is a bl esddieng ydoii scaarl d enre molsatatdics rpt
There are two main types of hemophil i a: her
il nadequate | evels of functional FVIII in the

when there iscai g &RAatsEI@aMmainn aind HMa tsitnaon D 1a9s) t
preval ent disorder, affectindg BapNaogngxs naantde | Pya s

200 3, |l ori.loneéeecda,) .t 2O1O9pheritance pattern of
Consequently, mal es caF®8yi nghea rdexf ecchtriovneo scoonp
only to thehoi dbudlrtceqmse carriers while the
SurpriagpmagXxiymathelryd cofe hemophilia cases mani f
spontaneous mutations, without a@Ot®Gopdewe amd
Peake 2003, Ol denburg et al . 2004)

According to the international dat abasBe upde

e xihsttt p(el b/ £ & Badndr gMost ofl itivhee t HhAe pJantiiterdt sSt a
Europe, especially in lItaly (Figure 2).

W

I 544

Figure 2. Distribution of HA patienTherdapmesedntfedm mither:H
based on the cases report ehdt tipmdkbt/héed B andt.eorrnga/ tvipdd A adl _heaapb anh arll e ape
A

N M


https://f8-db.eahad.org/
https://f8-db.eahad.org/world_map.html.php

Wit h a slight difference, the CDC Hemophil:|
uni qgue variants)((updat e/ tbsd uned @wbOelndotpkk.iolriga a
mut a-pri ojpgdaimprut a-f F2e0nUp dpWh at cerst atitnati st he mo:
common mutation, observed in neaacfl yHSA 0%od fveis
the inveratd@22onoXb& hedf22Fes)nl tainngnversion of
compameexonana3 ntoo f2akhcti ondlakdicrhc weltatailng 1PWI
al. .O9BB) mMuR&@teomisssanse changes (46. 3%), f«
nonsense (11. 2 %) and mutations with | ower f
structur al change (5.8%) ,amsdnadtlhent@ uca.ulk%) (c

Fig@reFrequadnaryi @aft types in t AdeGHAMP emquwteantciyor ilsitsetd. i n CHAN
worl dwi de HA patient.sthtutppdsat/ e dvwivo ¢ da.neo vz nZxPpCGHAIMP, e mCDG I | i a
Hemophilia A Mutation Project; HA, hemophilia A.

2Current treatment for hemophi

To dat e, t here fiosr ntbAlWeamsdnandared culher apeut i
repl acement therapy with recombinant factor
i njections as required to manage acute hemor
prevent bl edolnlgi mpi stodals. 2009, .FrTahrec hriengiu | a
| om@rm prophyl axis prevents lalnededbongs astWwelo

which could | ead to permanent cartilage inju
fatal hemorrhages. For patients with moderat
given as needed, with the f aepgiogo deiongc wardai nl

for those with severe bleeding phenotypes,

N N


https://abstracts.isth.org/abstract/the-cdc-hemophilia-a-mutation-project-champ-f8-mutation-list-2020-update/
https://abstracts.isth.org/abstract/the-cdc-hemophilia-a-mutation-project-champ-f8-mutation-list-2020-update/
https://www.cdc.gov/ncbddd/hemophilia/champs.html

cont i n(usruisviayst ava et al . 2020, Mi esbach and
Ozel o andHavyaanagwa i A022a@augh the prophyl axi s hea

the adherence of the patients i s dtnitlrlavcecemaluls
i nfuGTlhhoasnburg and| bdrednoffebtelyéh aHMI {112 ih uarsou
but many i mprovements of the native mol ecul e

decades.
New generations of rEVIETL has been devel ope

protein, which invootaeskreafionalg gotdicibialyad pio @ m

These modi fiemdtain@res tehiemsttoabi | i t g Thbdé6r hbher gnaat
Duncan. 2Rddi)tionally, advancements include t
bet ween the FVIII heavy and | ight chains whi

degradation and enhance(sZaltlsnebri nedti nggl .afZ0 In4 t
201lBhHhese mol e ewlt et alledds BeHihir) oidaurgcd sihru saan amel i or
of Itihfeeosft ytltee (Fati eptset al . 20AHN 0t Mah!| avag u t
enhance-ltiHe &l fEVI I I i spotlhyeet ghjewme@a tgil yrc owi
(Santagostiomro feutsiaoln. w2i0t2hO )Fc @ dwathil am gaif, eit mmal n
both resultedMaaREGyanat ed frefcMididwe . pg eod uicrt sc lair n
asurioctocbgtahfe pegolgener al bgcassd oh thel

certaintyifregagrda sqafteheg in this age range.

EHL product Generic Mechanism of action Half-life of EHL Half-life of Frequency of administration
name product (hours) standard factor
(hours)

FVIII extended half-life products for use in Haemophilia A

Lonoctocog alfa Afstyla B-domain truncated 14.5 13.3 Every second day

pegol single chain

Efmoroctocog alfa  Elocta FVIII Fc fusion protein 19.0 12.4 Effective with once-weekly administration

Damoctocog alfa Jivi PEGylated B-domain 185 13.0 Once weekly administration possible

pegol deleted FVIII

Rurioctocog alfa Adynovi PEGylated FVIII 14.3 10.4 Twice weekly or less

pegol

Turoctocog alfa NovoEight  PEGylated B-domain 19.5 13.0 Every 4-7 days

pegol truncated FVIII
Tabl.€othpari son of di fferent rFVILI EHL prohldiuctsabwvlidg hs smmaarn
avail able EHL pmedbahssinoolfiHfAe td od ifrrheag dfenc ¥ Vdfl lagdmieriosntbr atai
VI ;e>xtHen dleidf éddA, f he mamipit leidaMfaAh.o mngu et al . 2014)

Z
Il



EHLproducts have demonstrated significant p
repl acement fdreeqearséywgoft Nadeli helk ¢ snsod i mancetr e
compari son among ©eaec aoshea diEdHeeny pe wallagatsad i r

respective standamd fMfakédr cbabheaegpagt to dr
comparisons regafOkanwgotuheEut atti 2@&¢ar ch sho

comparing different EHL prldAMucts to optimize

Despite these great i mpr echeasnt sipor ephackmmn
It cannotedbedecfonnsiitde® 80 &uo®e. HAnpateidedevse lrceep e
neutr alnmhzédntgiobodi es to FVIII mak Vaargt h ahnea nt raen

LacrDeisxmazeBFoR20O18) sareav®ih cl ass of mol ecul es
patient srepdlacedemant her apies because FVII I
of them is a monoclonal antibody call ed Emic
cd actaocrtiiavli tlyriofigiFVg |l dct i(vkitteadz a&w aX( dtn g lF-F&X 2 0 1
Ot her advantages of this molecule are. subcu:
| ndeed, Emaincibzeu mabmi ni X34t eweesdk so nrceed uecvienrgy bl e e di
i mproving patien{fPdopeare ahnhd 2dHMANence

Ot her compounds whr epl acemepanat lt ¢&coatlokhbbdel emnoomi n g
agewhisch cownst semi ¢ nanotri fiinthriibn dloywtsi od suhb coa
as -ARCiantdi asnae factor pTaRFIwa.y T on hdiabtiet,o rm o( a ret
are approved and their effifMaacwysiosebeiahg ©68
Yama eHatyiakawa 2022b, Pi shke a&aebatDosbn WRID2CHN
approach for HA patients i st hpéreovioecsatbfivang ti it
edi tpoubilailshed on Bl mloai:blifmen stfih megosnehraed #Om 6 |

may beo(rnFatammc hi ni and Liumbruno 2019)

NO



FVlilla FXa

Fi gdMechani sm of acBmiocni zoaf MW/ Il lg-dadiddi BXsadvantageously in s
and i ncreecatsiivagt itdid X fEmMR X ilkzywmab acts similarly, mimicking th
aFVvI Il I, activated FVIII; a F1Y4a,d aa catnidv aNoegda niia c2t0olr9 )l X; F X, f ac
3 Geneherapy for hemophilia A

Gene trhmrreaspeynt s a promising therapasesdissthat
whiemerges as an otphi snacdalosaon dd dicaat uesees Dor at i on

|l evel s from severe to moderate iIis adequate t
patients, | eading to an over @hulsen lgcaometei mbueetsa i
to be a focal point of resear chi duldA taond tot &

monogeni cl ds spridmasy aim is to safely and eff
target cells to achieve therapeutic efsf &dhtes c
devenempo noef or more systems capabl e of effici
ti ssues without inducing pathol ogical conseq
del i veredawidar getvetch®rappropri atTehec egdalt yopfe st
approaehabtélet® to autonomousl|l y exmprlengetdheea
of tiVemema and Weitzman 2005, Dunbar et al . 2
Two types of vect-woir Nol@axir=atl :swewicht edlrilsasns @fomi ci ¢
viral ones and, for this reason, |l ess used.
correction of HA | na asavoimo a k e urmdoddiaas to el dio dieidul gihv e r
(Song et ®t hek02abnapproaches consist in the

N I



but t he datnad amoer es csatruqddi iesaar anace®@ldmeldi | | as =
202B9 date, wvem@mhaveprcedomi nant choice in clin
efficiency and sTahfeetry girne agte naednvtatmbpehsgf@efirdademn ®in s t
i nnate capability of viruses to deliver gene
replicate and cause di sease.ibkmlhe me nthad tsaf g
homol ogous recombination between shared sequ
original viral genome. VariwiutshvDNAloveRNATr GE
and with or without Adasnsmgaiadti endd we@tadri d i(tA AVss
utili zedtegrmdn ngc avlecd eotrtsi ngqs ,clwhneir eas retro
(LV) are commonly employfy&dramomagdi Weegeabhnigl
al . .2023)

Unl i ke viral vect oprrsoomovwhelyc ly e ame svd ggmeintoence tea i
technol ogies have the capabbdy gedd oaspubarhf icamsm
gene ablaboipbpactgemeand ot her highly (tFarggeateed
5) Genome editing caex bei wonthet edli bnhngemhs
admi niisnt &srbevda c cio mpg d nrsadnme (eDduintbianrg eTh uahl,g ote2l10 1 8)
of gene t her@meryepfradrieudA sd sassé wtirnegaltement s capab
FVlelxlpr e sgshieamalpaetwdlisc. This would eliminate the
regular intravenous i nfusions.

I n addition and in coanblilnatthemapy tha gkbleeée & & ¢

approbacihncrease and maintain the expresiei on

I nfusion or transplantation of cells from e
di sease. Il n the context of @emtti@aansdieseadhes c
gene into cells that wild!@ be transplanted, o
therapy.

NP



Adeno-associated
F viral (AAV) vector

Gene editing
complex

Lentiviral vector

FigbGene théaragpgdassoci at AAVY,velcetntrdsyvt{(crdignd gene elddAM ianngd t ool s
LVar e -kmedwn gene therapy approaches which have been widely s
editing comptlextersdlaaipt ie®icpeantted t o assume a profgreesevehgrapy
(Dunbar et al. 2018)

a.Why endot $aerlei aal gcoeoldl t ar get for gene and cé¢

Desiggewgcedbdsed therapy requires identifying
the difThdabate surrounding the synthesis sit
Numer ous studies indicate that the | Abeuti s t
50 year s adwalsdnpynstrated that the transplanta
and in human suibrjceuwltst irreg tFoVleldl tlheevel s compar
(Marchioro et al . 196 9T,h eB odni t feonopvoe slepeepoa tif oi ccylt 9e8
transcr i ptTiF,snn &t eon Gt 8reso mat s o corr oborated the
FVI(IAi gueiredo andHBwewelreei 1908 been di scus
t hFeVI 11 esypoaisWiion et al . 1985, Zel echowska et
et al.Nowaddys, it 1s well established that |
the main source of EFEFhamhanin dthealh.umahl bod¥a
Mor eoivrersanalaods i S8pea omot er demonstr atteydpitchadt

endot heli al darmdi hdmsmwmop mtbotrEade mdgot h e IMeall ienx pr
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et al. ZWAa9akFs have dbeebhwi tielays &8P eaonnd r e g
Et-xsUsing a luciferase repokF®@eompere ,uhtdey eRe
F&r omoter ' ss aicndivingsy.r elvhel a b nmorp E8a)tcir vwiatsye i m
presenck alforkde,s and even stronger-laabh®VvEtyg I
Howeve2 ,alEoase dp E8cntoit\Fiathyf eettERl$ .a n2d0 21 )ar e me mt

t heTHtasmi | y, known for their pivotal role in =
adul t andhegene®issaal ts helped in a greater c
identi fied the minimal and functional pF8 po
size of the plasmid, thus, allowing new gene

Beyond, laghta€\dll may originate from additional sources, e.g., lymphatic endothelial

cells, peripheral blood mononuclear cells, blood outgrowth endothelial cells (BOECS)
microvascular endothelial cells derived from lung, kidney, heart, spleen, intestine, and skin
(Shahani et al. 2010)

Considering these data, endothelial cell s (EC
Mor eover, ECs express major hi stocompati bil i
consi dered semi-pr e$ et il tgmealgnecadti teicgee t he | mmune
t hmits@asaround 30OMerolfi paeti eanlt. s 2017 a, Shi et

b.Aded#associ ated vectors

AAVs are -eamaéllgpedni cosahedral viruses bel on
have the ability to-diwvfie@ectngbaeateh | ¢ivibditngi arce
they are better suited fdirvigdeihntg tépiveape msni
has been observed that they canAoceasnbobnal bg
gene therapy in HA doigst eegi atgi dAVsekamiinedl t
treat eahddovgal ed 1,741 distinct AAV iandgrat.
approximately 44% of these integrations were
growNQuyen eThede f2I0Rdi)ngs endorse -thegetedi
AAV gene thHAer amyhefrsecoring the necessity for
genotoxic effects in the |l ong term

However, this is nAAV.ds WOd henliymcldilddietmatiiderns pafe
existing immunity agai @Mingbezmoaauddéeampbind &

NT



capacity for transgene size, accommod(aitn ng s
contrast towherthi viamalt Gubd &tr mregpr t and.T&amul s |
address several of these challenges, the FVI
i ncluding t hedamanomnv,alwhifch hies Bhot essenti al
opti mi zacodsnneghendbtmodiThielrsaate oenmrsabl ed a reduct
of the FVIII c DNA, bridging the gaHowevwdr t he
due to their prenhadlgemce asroeres t hat Fnfect
existing anti bodi esaunagainnstth eA Ay/eFmerreat! b fi psoepru d faac
i ndi vidual s with inhibitors are currently ex
Despite thesestirnant & qait @ so nfso,r sgpemee t her apy f or
have beenndeglecited |arnd canTgadbinégZ 2% g i et al

Val oct ocogene roxaparvovec {(tappironvadeg®oet ia
treaf oeA(tOzel o et HowtRDrRR2)t i cal stasices ©bE t
reached duri-ag penigedsf odl ¢ movnlsetviealt s magyt avbleé¢ h e

or i f there wild!/l be a progr exgiressdenl i ne | e

Drug Gene delivery system (encodes) Study stage Status

identification

Giroctocogene-fitelparvovec AAVV2/6 (rFVIII cDNA) Phase 3 Active, not recruiting
NCTO03001830 AAV2/8 (FVIII-V3 cDNA) Phase1 Recruiting
NCT03876301 AAVV (BDD-FVIII cDNA) Phase 3 is not started yet -

PF-07055480 rAAVV2/6 ((BDD-FVIII cDNA) Phase 2/3 Active, not recruiting
BAY2599023 AAVV hu37(BDD-FVIII cDNA) Phase 1/2 Recruiting

ASC618 AAVV (BDD- codon-optimized FVIII cDNA) Not yet recruiting
BAX 888 AAVVSE (BDD-FVIII cDNA) Active, not recruiting

Tabl@rZent clinical trials enfpdroyHhAeg tAahV estehaetmurd rgnekneea It hterri aa
AAM hat are currenftdry, Htkhteiivre goern ep rdoeploisveedr y .s WAVe-aadedioathed st
vecHdr; hemopBahga At al . 2023)

c.Lentiviral vector s

Lentiviruses belong to the Retrovi rsitdraaen dfeadmi
RNA genome, whi ch can be croenpr etmie& A(scaDWN Ad)e d i
i ntegrated into the host cell genome. (LVB&ir i

the preferred choice for gene therapy ai ming
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i ntegrate i nt@OMarmtei mie netmealr .a nRI\O@ENG sys 8 $ f a n
ive transport mechanism for t rafntsdero csred¢ i ng
nscription qgfndédpepe meeanrotmi @¢af RNKed ecat & nt eyl
nsduceaibotdh ngo@andc odinpvairoaidntgtr eceeid tlask s whi ch
etfgheatreever se tamlnwedrinvbieddi(Mkgsm o me and Z&ek 1€
er an additrenabvadaadanvaegeoogsens they ten.
coding regiongtofovgermds velcn oosnthraxet { he t
transl ated( Wegama DUAdgdeinteiz®nid o fa dwian tuadge s
absedcergofewiupamttesi A®rand t he capacity 1t
sett eeKbOvVeupthe year s, modi fications wer e
struct safe vectors-acdchigevseduanteagaggat
0 separate(Puasmied @adnstlO@8tTshkew prdoaktVesd et

si st igenehatt ahrelescthhegeaf ety by dividing
uences and genes for viral.production amo
0SsSi bl e Vlsi mist a thieloMsspagfa idf ipaait yiomfi ecc ta ntdh ecor e
ds tofhbeaseddse are hybrid LVs with the GIlyc«
us envVkéoepeare some ways to overcome this
d. Fisspebkyfiti p suosteosteelresc tcianme thteodi e pt essi C
i r eodr tciesFsburet ypet ance, hepmbbayeebBpeni éxfceh
l i zed todaekpeessproml omgéehe | i ve(rFalhlidrezir e
al.An@oOrfedgjetnudy ofdemongtrroatped t hat speci fi
FVMorloducing cell s (mainly LSECs)eadthdetoit
bl e expression andMarid écdcueedatieeld éhteisgegp or
ia tail wvein injection in HA mice resulte
[ surpassing those achieved by specific
herin (VEC) promoter. No t agbadye,p etnkdee nfg F 8naenxn
il i tating trlaes@wrhespkenesshemat apoi etic

I bitors were obserovad( Med! stnallt e alt ol 2040 a
uci bl e pnombenry st iolf € eadptai on i n gene therap
control over gene expression. These promo:

cific physiological or external stimul i,

N ®



gene expddssiomal | vy, anot her |l evel of- cel |l

—
-

anscriptional regul ation medi ated by micr
equences to basgpetcidegdaemdBNA(ada RT9gf t he expr
ovides the opportunity to selectively decr

O T ”
-

hosen ®mMORNA.Nstance, to enhance tdwer sgrecup i
cor porRAtLE @ .36, maA®R,empRDOyYyed to suppress FV
hemat opoiEeCGsi andelhlepat oc@omrsequerstplexc,t | W\ll lyl e

=]

confined to either endothelial or-s g @il foii d (c le
VEC) or -smpyeecliddiDi 1oLV pr omot er s. Notabl vy, empl c
transcriptib@salaltoanrgg emtiitrhg tihne i ncl-us2 ,0nr @3 u letx

I n sustained ther apeuthiAc naecwee las roefd ukc\eldl i memxupn
(Merlin et al. 2017hb)
Therseoasenegoi ng or approved clinical trials in

relatively | ow compa(rBeudn btaor tehtmshe eldVZ0 5 &)i nigA Ab
not enter ed yeltidneiscpailt ep rtahcetiirceext eiReceatlye ida
on 4s#hmhoman HA primatepremoswedglLVbee@adpéwatniic ed pp
2022)

d.CRI SPR8 Cg e no mea pepdriotai cnhg

Il n recent years, there has been significant
are based on engineered or bacteri al nucl ea
i nvol ved in facilitating gene eadadiptrieocni,s ey etnoot
wi de range of genetic manipul ations, i ncl ud
correction. The versatility and high precisi

across various settisngtsec hanroel ougsye f ulln daesepde c tgse |

per f cerxmesd wihber e cell s are edited outsindegitvinpe |
where the editing machinery is delivered dir
|l evel within the organi sm. This flexibility
approaches according t o i ndi veduales patpiremtis
advancements, the translation of genome edit

early stages compared (®uwbanal egenét. ad@ilB8) on

=M



Starting from 1987, researchers delved into
palindromic repeats (CRISPRs) and(laslsiomo aé¢ted
1987)TheseaCRBh$BRwere noted to contain short

viruses, suggesting their role as adaptive i
unveiled how CRI SPR systems utilize RNA mol e
Casgsopgeins, all owing them t(oBacrurta nagnodu.Tedltei nailn a
CRI SPRs 9 protein complex, igucRNA gRbBNA)sdmanwist |

as the most commonly employed genome editor

Among al |l applicatiiensoaft ht hemgeaspseirémlgi t y t o
knock outgeaveds phe dhii fgifichepr g RIN&i gni des Cas9 to th
a dosutbd @nded DNA break repaired by cellular p
(NHEJ whi chl egms @alklnpockout gene introducing r
t he more preadirsse theadmalepay r ( HDR) p atthhasa yc aunt i
be exploited to Kmiogw( &and ga asnpde cO ofuiden ag e2n0e2 3 )

CRISPR-Cas9

Double-stranded
break
/ Gene l’
mdﬁ“ﬁbm —> PQUINIIII IR

End joining
NHEJ

POV IS PO JRAMIT IR

X X

- i

i L’L» s ‘;1‘9 Templatemjm

Random insertions Random deletions \L
RO
Insertion of DNA
sequence

FiguC®l GERg®nome Mldi denBNA bring Cas to ®sSlhMNA sobtbagidmbuibheer es
stranded break. THHEJIbroaak yc aHDRb eu srienpgaiar eDONA t empl ate. Thes
knock in CRbEBRBRuistelred regularly int;erNHBBloéd medmod bjugian i mg r ¢
HDRh o mo ldoigrye ct eAd aplée g isdaang and Doudna 2023)
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Ot her apepflicht $ogene e@dihtei nsgp eteodo | o fc omnrsd astti ng
genetic screens, mulatnidpskpeetagiefnied inco dnofdii d a tciaotn
(Wang and Do uMlonrae o2v0e2r3,) it has bdeanaabearetl ogpe do-
an nacotri vlBeaasd® to contr ol gene expression by
machinery or the( @ipi ggte n@teirCHROIBERD iastcoavser y | ec
preci ae¢i alhNAfefsequences in various <cell s, re\v
technngdiéecting genetic di sease¢e Warnggatamaen tDoaird
2023)

| mpor ChiSR®/ Cechnbéoeggdhibre recent ynedarag itomsc
i n iHA wainidm osysbems. Fort 2WRasvaorciceeduteaedi ml urip
stem cell s HAp®&G6(Clsgha dirmogn t o t heFBempdesseroprnoi
endot hel i al ¢ Plalr & ier. Adddi. mii2adeladi)d dye merexnt r at ed
correct-ddrpatidenPSCs coul d Dbcee ldlisf,f eernednottk lesetl & da
whi ch upon tirmanHApd fafneteattiivoenl y cont r(oSdmedethl &le
2022)Furt her mor-emgdCRIE BBRHORs hhas been empl oyec
FVI 1 gene-demitwe ¢ ait R 0, demonstrating resto
(Sung etl rmtler 9t1®nNngl met hod Has ygreammd ntcl yx oa ateice
a modelResfeaHAhers created an HA mouse model
exon FI8 offnery, pmckaged donor DNA and CRI SPR/ S
admini stered them intravenouslIFWIldxp rH&s sniacre.w
restormaedl the activated parti al (tLhuroo nebta pala.st2
These results pave wkeesmnewaypyphocaftudboseto pot

mut ations in HA patients.

4Clinical mani festations of he
HA i s a disabling condition characterized by
gual ity of |ife that can begin early in |ife
HA, occurring in various aeeabebhgthbebmdgi |

affect(eGoosdiitnegs .¢teq@uenc2Y 2dgpone amreiouy bl eedi r



change according to the FVIII |l evel s in the
the |l evels of FVIII are | ower than 1%, moder
5 to 40% of ( BYFMabgngasc tainwi .tPmwer 2 0B )i s mar kec
frequent occurrenceas rods wslptoinn g niero upsr dod reeesds inwWge
joint |l evel. The onset of the disease occurs
occur only after trauma or sur(gFerrayn cihni npiateite maf
Hay et .al. 2021)

Beyond ltehedi mat hol ogi cal condthe oliraclld d@®fmast o
art hr,opbaotnhey rreenmallel a mdy, d a s daansde aisncturlaacrr ani al h
Mor eawer|nitmindacldrieeive adhmove revealed that HA p
from vascul ar probl ems. However, It IS not vy
causebyyamllyonged seddnttdorepaehepraepradtseadr hiefmor r

the absence ofcamhdeFVieldlhemeso tcd iemfi ema l event s.

a.Main clinical event sandn-gphreemo phi | imo dA |
Hemart hrosis and arthropathy

Joint bleeding, or MH&maprtehdroonsiinsa ntilsy aafhfad d tmar

el bowsck et al. 20004,0cobrs cue atl & VD dvhI) acchk
i mpairs c¢cl ot formation and | eadafttermrnpmal omg
spont anTehoduisgvhas cul ari zati on of synovi al j oin

spontaneous bl eeds, with htelsee. Wreeawisbmeasi pgi

it overwhelms the synovi al cl earanceame,chani
consequteont dry, i nfl ammatory status of the joi
(Roosendaal and Lafeber 266/har tLlerues i sanma nD aft
symptoms such as joint pain and reduced rang

joints can cause chronic synovitis and sub:
characteri zendd btllye tcearrito rl aatgi@d f oa rmda t ji winrst

Whil e a comprehensive understanding of al |
remains elusive, there aneofi anteliiVEaats.onsi subge
demonstrated i n -ithAddumieade atritahtr oiplad by BaBti oat €
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pat hwaywcaedseaed expression of factors associ
chondrocyte damage WEeéemi et.t &ee cardtef®et esda njeo i HWA
with arthropathy, angiogenic and hypoxia mar |
expressionuwan mestndmredlucti on ofl5§)Sepeainfdi c

Jayandha.r ami rRraOI1I6Y), it has been recentl-y demo
coding RNAvelhopment of hé@Baplingi ce®Ovehaopal i
findings shed | ight on t he apaerstshirbolpea trihaylveacnudl a
i mpl i cations f ometwher adpived ofpare njtoioft di sease

I n thisrophylatti @ treat ment plays a pivota
preventi ng hreemdaurctelorge giesn.t By i nt bl eeding, pro
functi on, mobility, and quality of i fe i n i
prophyl actic treatment has been shown 4 0 be

tecmnsequences.

Bone remodel ing

Anot her typical clinicaa madutesdbationboheHR-?
commonly observed across both pediatric and
fract rGayr iestk al . 2015, Ul i vieri .leti tailal 12y0 18
decriemsbeone mineral density was attriboged tc

Howeweophyl actiltawepplredichessafer hemostatic
|l asting shift INonpahekass,; Whifkesestyhese repl
mai ntain bone miner al deg&Khawajthey &d. n@©O0f
2023)

Thus, it has been hypothesized that tHhwel I | C
i nteraction between FVIII with osteobl asts a
fact, showtvas -vPRNFI Idompl ex binds to osteoprot
regul ating dnen redmadwetl i2t®fe3 )mol ecul ar mechani
not been Ww\nuvdihleednoyet,. the process underl yi n
bel i evwed ctoont rROANKe/dRAMNK/ OPG (pMeetlicvhayrr e et a
Gebet sber gelrn ceet eHdbAl .pwai2tOte2gtesver e art hropat hy, ¢
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el evated | evel s -Lof pRANKotainndg RAsSNKocl ast di ff
bone r e(sBauwdbhouni n et al . 2009)

Cardiovascul ar di sease and i nfl ammati on

HA pati elnotwse rs hcoaw di ovascul awi intaret gleiney al apep
(Van Der Va,l ke xhiglhilotvead2rm®&21239 r oprr eevvael ne nntoderaé eso mm

of cardiovascul ar risnKk Fraotsems vamcldeadfuhy e

Drygal ski et al . 2A0d1d3i , t i, Boahraneeysy eaa tisioa lhlaev®e0 1 6 v
at heroxolmprave idner al @PEPKaomp Uil ean and Ten Cat e
al . .7@628) phenomenon raises qQquestions about t
out comes i rFrHAn poanhee esniéddeu,c eted car di ovasHAUl ar m

patients might be attributed to decrstastewds t h
From the ot héypoicdagtudctadd pa&ameé he cohheesbpéabti he

of at her oscilnecrroetaisci npd apgousessi bl e t hMombBi ti cnex¢e

and-cdrieni cal data are needed to have s&sfHAI | ¢
patiMonrtesover, considering the altered pressul
that these individuals also present higher r
(Quon and Konkl e 2010, Esposito et al. 2013)
Fi nalgleypwer@hf pamenauior gnmmse nbte e ni na skblfe ssdetolive mig s

i ncreased | svelog rcefl ad ytdo keaonpmercfi lad Abnya ni ena trer rol pehu
activabodmranfop®zaj) kowska et al . .2@Rart &Nmtolnye,

assessment of bone turnover and NETs mar ker s
an increased risk of developing hemophilic &
tur nblvese resul ts wreaotehteuwdyr owhoircaht edgeonmdiysat r at e

patient s-i mHdva mmagarmady as thatgithser number of micr

derived from endothelium, erythrocytes, pl at
befwmeieng wirtehatFvaridli m ®©Owvealal 1201 hlese data sug:_
show a different i mmunol ogical profile which
as endothel i al ones.

Il
jv)



b.ntracrani al hemorrhages

Int racrani as( | Belnaofrfrehcatblg¥%a o6 u meé wd or HAd uwiitnhg stehvee

perinadal tparsi mot eworthy that | CHs can al so
i n severe instances, even mort al(iStyi,e Iwt jtehs aer
2005, Ljung 2008, Zanon et al . 2012, .Zanon
Hypertension and @atelde opraismalt wrr idis id Ashdavelstor s
patie@vwdmr Drygal skiThet efaor.e, 20i1n3t)racr ani al mi
demonstrated to be more frequent in HA pat.
(Husseinzadeh et al. 2018)

The onset of | CHs i s often spontaneous, and

Al t hough the precise mechani sms 1 &mpla axrgs ttoo |t
a correlation between the frequency of | CHs,
aget hd p@Bli ®2cders et al . 2016mp Amtdaemtsisyo,n tehte ailm
of prophylactic treatment has emer geidn aA a pi
pati(emrtass and Or al 2020,nd22dormatpet c apat i2ddm2t2s
prophyl axis demonsltCHsne caont e @ddhd d dioreindhis@ed n c
frequent or (Nnondermrecphyn Taaxe sskryRag7cl ini cal o]
with repl acemématcemrennomn her apy wheincah hrhuearchsamnr e
i nvest(iAglabtaitotnat et al . .2023, Yamada et al . 2
Fi nal | yas ppencott hvear t h expl oring i s thelC&si at i
bet ween HA and HB patieeti®. dNdtf bleynt i mdrey bett
pati ent groups, |l i kely due to the | imited

i nvestigations could help deter mi dierreobleet henr

these bl eeding incidents or if they arise f
forms of hemophili a.
c.Endot hel i alanddy sefxutnrcatcieolnl ul ar matri x i

Some studies demogseheeantdeodt hae | palk sidlylsé unct i on
hi ghlbyha ede c fmeas ead efdl alwl ati on (FMD) and red

i ntegr al (VTlI) when compared to healthy cont
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macrovascul ar and mi cr o(v@asrctud rair etnRiaftih et @8 |,
2012, Sun.Tehte sael .da2z0al "Wer e corroborat eld55S,y a 1
mi R NLA and-1lPwWwBNA $bgndficannl|l HAe I[gentnapt@aerdesl t o
control s, cor r eilmacri enagd esdtor eo@@Pil e n i tstol ubl e i n
adhesi onlmol-@gMI,evealrsker s dys fen@® hmearitalet al
Noone et.Abhboap@®@B8yenic markers haveymewvinumde

and periphde¢rAalpabliceond sofwi th j oint di sease utl
endot hel i al functi oAahatyaiat Samsé¢é 2ph%) ent s
de mo n sdted ®tveat ed angi ogenesis in the synovi al

arthropathy, coupled with hei gh(tZeenetde r\bEeGFH e
201@értainly, alterations in the ECsedvEeeas!
recognized indicators of ekdbkhaheti ahl damag2)
Tlker efscervee,r alhagmeopwpst ed the rel ation pladti wend s’ C
annual blFcerdiinngs traantcce, high | evels of pl asma
HA patients and they cor (Kjald &0 Gdlgh®d@eérm@ aya\V
has been also depmoesti al ednar&kebef ar monitor
hemophil i c( Taanthawyp aettMyarl e. o 2e0r2,2 )r ecent |l y, mar k
turnover (PRO C4 ¥hdbCH4Blpe naRkRIO o(h8e)s igdgeavven b e e |

to be el evate®#Ai patl Mamlemsemra eotf ddev i deEhde)

corroborate the possible endothelial dysfunc
the extracéelEICUMIeatra brod ti rsimx Furthecoorel attdewi
abnormal synovi alwegfelrrfmeatiiooin a&rhd nj oviersts ed| eed
Fi nasltluyd,i es i ndefl vcingnt-Vini te have reveal ed s
vascul ar remodeling fol(lCowikreg eh e nadri tsh2ralsgifye sif
uncontr odHysdi,olnoogni c al angiogenic response tf
recurrent bl eeding episodes. This concept i ¢

synovial wvascul-jagi mpterimejatbg(¢Bihitary teliesdael .m 2015,
2018, 2019, Go pwar d eerts caolr.i n2g0 21h)e vul ner abi | it

absence of FVI I
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https://www.sciencedirect.com/topics/medicine-and-dentistry/collagen-synthesis

Overatdeisecamadesticen si gni fi cance ofnde nad optohsesliib
i mpaECKEtdur niomdApat i Ema s, it can bblee edd ;mpgo seepdi st

originate not only from clotting .deficiencie

5l nterplagobhgtuWwaenon factog s ¢

Coagul ation fpctvob&b( Chs heomloay &wd @xaitntnrgi ¢ at e
of bl ood cThey harcemad i a-ach di-Gfhgd ipaowed on t heir
functions i bl pc®onmag u.lInlkgE yocar chestrate a finel
enzymatic reactions to ensure the timely and

AntCGFs act as regul atory c¢heCFkmpoipmtess,e nd o wmtceorr

clotting and maintain vascular i ntd&gsiayd Th
various plasma proteins, CFs actively partic
(Fl'ier et al. 1992, Madhusudhan et al . 2015)
Beyond hemgpist gsasghapgseeas $ al or vessel repai

sprouting and the fommazti®arofoumaw chlosad ev.e sl
i njury, initial vessel constriction occurs
foll owed by the -exgpowtshuglei adf nahea i Suld or pl at
endothelial cells imlldy ®@imidvotgabndola@eachyri nc
the fibrin structuremttohé ocindta omaeirmg iviesTShals wa
i ntricate process is finely regul atedCsby nul
ensuring proper repair aAmdorhgadlingt oésea her o
findings have deanfidnescttr aBOp tfiawahcatte skFesnt 1 a | r ol
hemostadesd, they Rawndeashidpami fsihomavmt Ityo t o t he i

of angiogenic processes and( @lhggagie gaitl adli.on2 ®

Delving into the intricate interplay between
avenue for wunraveling the cammglyehxentginetse rosde o/ta
these two physiological processes, researche

governing vascul arSucehp aii mv easntdi graetmoadnesl ihnogl d s
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advancing our knowledge of wvascular biology

novel therapeutic stmraltaetge dksdifoor dears .ous vas
a.Pr-and -aoagul ation factors in endothel
Among all the CFs, somen odiemptthhd®m ltawne ripeéemm f st

especi al Jty stshureo mabmornp g@F  BadAntdi t hr oandti inv  tAd@ ¢y , pr o
C (APCHhr amido tnd tausl irnepr es e \QFa tcil @ésssasi ant al
Thromkai pi vot al enzgylIme afg nb rhi ennbogsetna dandstao ft ir b rgigre
i nfl ammati on and si gnacloiunpg epda {reRc@Rstkoeris® AL ,p
i mpacting various cell types, including ECs,
endot hel (( Rdbibeatr r glteanrdeeherdo BB 6) s bi ndi ng?*t o GPC
|l evel s and cyt os kel etndhma npce ennge & boHg le lmenyt aind HC:
202Eurt heirtmolma&®s been demohnrsotimbaitmealg wal artoil neg oafn
process. Firstly, it has been described to
devel opQmetnatr e.t Aadlidi t202nla)l | ynew huv eosnbea In fi mrdmaa te
| CHsZhou etanadegu2 @i @)l ar devmhgipme neé(mbrriyfofniinc
et al.l mpo0o ttasn tbliyn dinntgelgwPmoen&C att achment, mi
and syrisiopalnhogl!l ou et al . 2002)

Simi IT&rsl y,nvol ved both in coagulation gnd ang
It bt thideataed aF dickt pri Wduci(ng the activation
deposilinhniaddiitti omas been demonstrated a direc
i nt egdmn@b Dr RARGul ating migratVeoam Rend Berhal e
2009, Zhu. eBiora hainidnOoklla)y mow i ts essential rol e
and maintenance ¢Uncohr aotd ¥Hasbuhakur2020)
Conversely, on€Fef Ahe whij oh igalhidbiFil X, t hraemb
foundpatsendnag@indgeni ¢ f act ogx pdroewsnsrieagru | aft i qregn &
extracel |l ul ar ma(tZhiaxn ga seste mibtl .yh @ 0 6E)JCso b een d

control i mpfrlod mrheatriad ngonnd,a pmil d rea@tyitounb,eb i fna@n magt i
heparan sul fate proteo(@Payrianike ((ASPrGal) e oD EE) e
on EC barrier stabil it Wr btahgeh bbei enndnigniegs pvbii teéhe id n |

receptor (TSeh) aod FPAR]l o 20,11whiMi e hasnterto\adr.

=0



have been reported about the r(odueo oeft TaM .i n2 & 1
et al.TheOk6éapwmpabionf@irtslyge di scussed CFs are re

| mportiaies $gnti al to recognize the significan
(FX1L11), whi ch have Dbeen identified to pr o
homeodqtCaudi set al . 1996, MDarceovker et FaX. h2a906p
regul ating yE®™apne ryrae @& mnfdhalctt o2r0 U6 )( F1 ) , FVI1l, al
have been sh-awgibogehagBepbopar tilensfto ratl,u nta2i@ell5y)
angiogenic potential of FX remains debated,

or -angiogeni(®ec aaphacidtty dheal. f208d5Nngs under sc

CFs as key participants in both coagul ati on
I n this scenario, the potenti al i mpact of FV
l i mited information exi sts rAesgarldiemg yi tnse nstp ec
clinical manifestations of HA patients sugge
for uncontroll ed and ilBupratihreerdntoerees c uhae s h o mat
been delving into the relati onsnhn pvnbtdredve en
Speci fically, it ha¥l Ibleecamdemnhbtuentedt héat
per meabil ity of hamdat huenlf ildIUIVEE& ) Ivsamiord i f y i n g

transcriptGCGad® e@t.odHiolwe2v0e2r2,b)t hi s study shows
to be elucidated. Fdendidel HUVECS hawleiFivo.¢ 1 t &le.
Secotntkeo!| ecul ar mechanism triggered by FVIII
Finally, the aut popsoseenut atéptRPatc eulad elde p

binding
provi de

density

partnersaof i AVYIrlalcet hat arndugeal i ng wi
aNMgngvideaptors contr alnctlhueR¥bn plaovvai |
| i poprot-2) a ¢pecdptcdri,n sdtoaraiilni nf ami |

asialoglycoprotein reclepsorAamembBenvenglut re

been described to transduce a signa(Finhgurel a

7Y Cad®

et. aRur t2l0éAr2 etfless bar cbnducted to determ

i nt ewiatch seECs .
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o

ECs membrane

< Integrins RTKs Scavanger receptors

HSPG

llular matrix

.
! : « Angiogenic factors
Permeability

'\/,» R ~—______—p Extracellular matrix assembly

/ \"Angiogenesis
Proliferation

Migration

FigudcCeagul ation factors interacting wWwiunmtk tlidesptso 5.®MHEBPIG c at

exprecsasn omduce the expression of genes invol Fbd GECRsxtracel
and integr iGPLCRIAPCRKsn.dsFVI I |l has been observed to interact
potential engagement witBECHiuwmncetgirdmal iotry RTe&Kma iims rleagruglealtyi nugn e
receptors has been shown to influence the expression of ge
therebynd@addwncatdifTonant i HSPGsempanan sul f aTtke, ptriostseuceclfyacmaarbse d AP
protei GPGRs oteo®iump | ed ;r RAr&epcteoprtsor tyr €ECi, nenkliagdsal etehbl . 2
b.Extracel |l udragra nmatadiixomt egendst hel i al C
Key endot hel i al processes such as eslplkeciadhek

angiogenesis are regul dtMad cthharnadu gh a@ahan@®d4 9i, |
Mor eover, ECM ensures t hat t he endot hel i al

physi ol ogi cal needs, thereby playing a pivot

The ECM is a complex network of proteins anit
bi ochemical support to surrounding cell s. I
bi ochemical and mechani cal signal smemtl,ayi n

di fferentiati onDufaonrdt heotmEdls.t @aBb)si ti on of t
t hroughout the body -¢e®l If aicntlernadtei ampp rogpsgdad tc

ON



of the |l ocal tissue. The specialized ECM t ha

me mbr ane, and it is primarily composed of c

sul fate protdd®Ppllyaand pdr ladc.an20.1 6CoIMaagema nldV
n

l ami ni are the most abundant el ements and tl
especially nidogen 2, found to be the most

(Kohfeldt et al. 1998, LumhewsverfehowOAQildol
in the assembly and stabilization of the bas

need etlouch@Edletpefder and Hol z 2024)

The relation between ECs and ECM components i
proteins to regulate the sa&r,detumedienlge menrvti g oonf

modul ate the functions and the phenotype of

ECMEC interaction is maf( ROyt aét.owlémndelizy@l 9 ntth
transmembrane r ecept pe g uahnagvieo gbeeneens idse sacnrdi bweodu |
ECs mediating i nt(eHyarcds 0In%s9 v, t Awv rt cheehdBldliMsi it a
and Maheshwari 20R20egNuneitnablvem2a)] in thes
vascul ar formation and repair, highlighting
function and promoting tissue regenerati on.
been deepl vyedetECMbilndgamars and regul ate many
(Lafoya et lalt.eg20h&8)salttacacteasgrncanwsdh f 6act o
hor mones, smahd @3 e€ ab e sitersicgrgiebrei dn ga bsopveec)i f i ¢
pat hways and, thus, playing @Lafrayxa adt rall.e 20
and Margadant 2023, Ol gasi et al. 2024)

Signaling pathways activated by the binding

t hmhosphoryl ation of sever al proteins and, |
composition and of(damiskat aod AbompelEE®G i nt
i ntracell ul ar actors activated through intec
( FAK) . Once activated, t hpeh oBsAKh omyll @d u loems omn
tyrosine residue, formimsgtae phagsphattyrracstisn en

famil vy, Ssubsequently |l eading to t(hMi tarmgplarnd
Schl aepfefTheoio®mportance of FAK in ECs was der

O
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ECs which |l ed to early embryonic deat h, ca

angi og(esiheesni set al . 2005, Braren et al. 2006)
To summarize, we could say that ECM and var.
whi ch transim tsiagonalutmaidrel y t hrough FAK | eadi
I tself and, thus, to a profougdogegekati omig
and permeability). As menti onedbiarbdivreg pCarst r
triggering intracellular signal i n(gOligiasiCsetan
2024)Al'l these key evidences have paved the w

relationshimte@§€CWMaasn CF

c. Blood outgrowth emtdiomoddesll i & lo cdluldsy ase

Most of the studies menitn oeiretdo tadbeowhesa dwhe rnea i cnol ny
conoifismtmortali zed cell | i nseamo cbe | epirdiensayrdy iHUVE
research becabsaiaraneéaswvwl tore. Specificall)y
EA. hy926 can be maintained f ofrATnCCr)@n tthlaa 41k
hand, HUVECs can be i sol attéerd durgodsnn 2z yhrma thiuenaadi
(Jaffe et al. abhd73%:ai Hewetnted2 ® b6 xQunlet usrieg nuipf itco

drawback of HUVECs is their inability to be
from accurately replicating the genetic pro
mani pufoateiskdenr.n ved human der mal microvascul ar

bl ood microvascul ar ECs ( HDBEiClsey scearvsei sats ovfi
popul ations of Dbl ood gmPetiryommh a&tti-&lliewi0s0ka | e
al . .DtOHM@r mary ECs can be i solaamtde d tfhracsnm teanhdaoyt
t he mamatoif ot h eb pthteiye natr e chal |l engi nigi miot e cdc c o
capacity f dqrHepwed liiPBEE® @ id@eneom stta abtee dysmeé mat t o
patiseetci fic ECs, | owering the risk of I mmune
source for potential ters@&ncagdshisdtag iiom.t MAe |l dimh f
desired ECs expressing mature markers.

For t he BeOErCepa seanesn,t an a pnpoedad |i rpga €ocpiet iBitOdn CE Cosr.
constitute a subsetwhafc hh ucnaann be¢nhlieost phiecal ii gadl e frciedl r
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Lin et al . were the first to document t he ex
into cells displaying the ch@riactetr$sddic2@0®

dating back to 1997 have investigated the c
identi fying circulating progéAsabaraekbtsafo
However, subsequent research cl aftEPCxa)dketdat
the ability to undergo a stable | ineage swi

various hematopoi eti c c elansgicoagpeanbilce foufn csteirovni:
repair and replacementE®@mnt iumjawbr edMeod & ud Il eyt ua
201 1a)t er studies revealed that these cell s a
mar ker s wetrhea nakcsfj utsor etdh ewi t h pl éPeb&bpmi.et opér
Many controversial studies were published at
Heblbelnely described the differences bet ween
(Hebbel 2017)

CircuE@8CEHB@s) emerge from the detachment of
typically in response to injuries or patholo
capacity for proliferation, thaevdoohfeénin uvmgl s &
as indicators of vagqdcuwll arv ehye.altG omlvédeywds Sallylsy,fi unngc
peripheral bl oqgdimonacnpodselalbd ctedtliodss oxchi el dne

or BOERes .cel | sEPrCsbelee malt a@apoi &@&nd ct obpgame er i z e

by | imited gr owt h npaoitnetnatiina haa ésm dadil egn lthanddte W p ¢a ¢
(Yoder et al . 200I7n, cMBdDiEMRss tegfi mad m e RiWil&ab g e

exhi bit EcCodmpflfeetreenti ati on across vari ous p a
phenotype, organell e content, responsi venes
expressi qmMHepdtett erZrAt e cel |l s are derived frc
mar rdoew i ved, transplantable cell s, of ten ref
endot hel-fi ad cicoy snf{ ECRCe).Falt . ckR@aee) fication a
cells must exhibit positive cell surface mar

as CD31, CDl44andEDAAM, avwWhg with negative
expressions for | eukocytic ma(rHKeblrbseli nZ0d u7,i ndg
et al.Deza®@2@) their predominant residence 1in

ECFCs circulate in the blood, and they are d

on



BOECs event Xbdgr de.v elatbips 2d0l0ars)si fi cati on has
by anot her sigrghip i sfhercerddiexal |y EMge| biade
angiogenic cells (MACs) to (Hfgi aedbGCGhdeédundme20

: In vitro culture of peripheral
Peripheral blood vessel blood mononuclear cells

Vessel Blood
endothelium cells
@ -@ i ?%\g
HSC Monocyte & _J
@ “EPC”

ECFC J 1 QO®

“)-4————>-‘) e E——— Q'
E%F)c (@ligley@
BOEC

—@

CEC

Fi g®rDe f ferent kinds of blood endaoCEf€dialdettdtsedtheom tohe ¢
endothelium as t hsarmeetswr ¢ o damdg aeddrail \BeOE Cil rsmdre rEiCWweCd spr ogeni t
present in both circulatiBRC% | sheamaaaod owiett h icannsdt hecea recredd e t dowelli tige
in VGECsirocul ating BOBHOCY loohdi alutgelolwst h EGBEOGd behedhifFatmmbbgd ony
cel |l BEPCs, endothe(Haebbptogeédnirdor cell s.

NowadB@ECsr e wi del y usegsle weercalu sad voda n ttahgeeisr, p
sourced from diseased individuals, they hayv
bi ochemical, and phenotypic aspects of the wu
to reflect t he psfi ermdariftasc BROEMAS tval uabl e t ool s
mechani sms and developingusaefg8BO&EdCst eahapice
under standing of vascul ar di seases and facil
stratTehgeireeB @E®s, have captured significant in
transl at iacnglahest bhai ap@yPfacsrc hthkA aki .and Randi 2
l ndeed, BOECst dalvevbegpnFYimedocompraominisntgd armi c
that these cells are a vaduwstbdkghret apkuf oc Qe

OoP



FVI I up tlbi ® entonaShsndae@dr2z) obt ai-R¥€ldl Whtmah¥du
BOECs were implantedmannMaherggeupli ¢g sugivr lomi
27 wéebMBssui €lto almpr2a2W®7)t hesermeantdthki ghel oaexy
FVII11;shaeedeltlechnol ogy was i mpl emented to obt
subcut dnfead sulmyi .Alt saatl o | EYAVBHE AECs have been in
i nto t he fomeornwrtmuash and HA dogs where FVIII wa
year, iRrRtdendéedngekbkl sur vi(v@zlelaon de.tF YadI.e a2pOelodd)u
achieve stt @abme en ¢ roaBfPIE@esnt wer e o mlockame v evdi t |
mesenchymal (BMS&small tcahbpl aprpe@d@Gaes et. al . 20
Il n ¢dniseadri ggo |IBadDthe&dr om bot h heal t hy dohmgs an
no di scerniibn & edrinisf eorfe moea s hol o gFVlalnld hmaa lktelry
HA BOECse xwearmahaeeér-cGMPBIl i antslctowidndg i omsphenoty

f unc tc hoannaglre &, t hen, e n ¢ avpassucl ualt aerdi ziermdt oHear i pe e
already in phase 111l <| iThi cfadceitvliiictedt ¢ drt e p:
BOECs and subsequent secretion of FVIII, rea

to 13. wklkiks precliniesaflfestyuadwndirdaefmam/ind i€ b e

within an i mpba(O(BAbhei devi ak. 2021)

Al t hBogltsannot be 1 kpeelra tpehde offrllolmb li ma@d vi dual s ¢
number of cisroul e thmlgdd@€B@Czed protocols and

i sol ate and i dentify the¢&madl| las edeavaekr.tbRadlieds) s
BOECs stand as a potent tool for investigat.
providingChcomsbotb patients aindv daaeiav d hipa cmoea
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Aim of the thesis
Hemophilia A (HA) is a hereditary bl eeding di

of coagul ation factor VI II (FVI1lI1l). The seve
with more frequent spont aneecus bclaeseedsi,n @ fetpeins
as hemarthroses and spontaneous intracrani al
i ndi cated potenti al endot hel i al dysfunction

medi ated dil ation (FMD)Il oacnd yr @d urcee di nht yepgerrael mi

heal thy i ndividuals, suggesting alterations
functi ons. Recentl vy, el evat ed plaadaoal sllaegveenl s
turnover have been observed in HA patients,
dysfunction and indicating potenti Bhein empane m
whil e various coagul ation factors (CFs) are
cel EC) functionality, t he speci fiicd amdgdluy nc

understudi ed.

Thudh,e tmai n obj ectthewegseaf) my RMRAracteri ze t h
functions and homedmddnasis s atybrough to i nvest.
contribute to the physiol ogi calr etgruasgsteiani gpit o m

gene and pr oitred umgnetxrparceesisliuvolnay s8i ghatong@viahutk

di fferences i n the brain microvascul ature of
causes of I CHs in HA patients.
Overall, t hewatsan dbdf itrha sneworrkol es of FVI I I i

i'ts possible binding paritgameewitss ind pdat devfaiynii mg
Finall yedowe bfr@ae¢wms HA ECs to understand i f the
the brain vascul ature.

Gaining insights i ntfounrhcotwicoanNallgutiydef t hbenady al
novel therapeutic strategies, dreddmay ¢ onti mip

hi gher comprehensvesself [EICydiopaglhobhady
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Materials and Met hods

Cel | cul ture
HEK293T cells were cultured in |Iscoveds Modi f
Technol ogies) suppl emented with 10% fetal bo

Peni ¢«Sitlrleipmn omycin (100U/ ml Eurocl on@Qatun3d7Zer h
AcC.

Human der mal mi cr ovas c(uHMEYL enhAlToGC,el CRL 3c2ed 3l
cultured in MCDB131 medium (GibcokE, Life Te
bovine serum (GibcokE, Life Technol ogi es), 1
(I mmunotagdlImd) ,hylddr ocorti sone, 1%l %1 Re mima inlel i
Streptomycin (100U/ ml Eurocl one) .

BOECs were isolated from four healthy donor
desadadr(iObgasi et Tweye 2mailpt ai ned on eolalt@dat
Ti ssue Cul tur e -Onea)s kést e (aBFRlglcMECDBBI18B 1 medi um (
Life Technologies) containing proprietary su

were used between passage 4 and 8.

| n wiutbrud ogeni ¢ assay

Twe Atoywe | | tissue cultureOMhatEédMgewd rxe (Cma tne d ¢
well and all owed to sol i‘“BIOELs ato*HMERLAT OWwer e 30
resuspesredd@deien mendli prhaced on %t opl af es hwe Mat |
at 37AGanB8%a@6al yzed after overnight (ON) inc
Mat rEiOgNe lwi t h 1 or 5 1 U/ mM def ab FNN6I3b, ESvES wietc
Chemicals), or the combination omf choftslcopleméaag:
| CC50. |l maged Amgf obevmgse lus edofttowaguanti fy thi
junctions, branches, and tot al l engt h.
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| n wiitgrroat i on assay

BOECs or-l HM&Ce pl ated into temepopeesi zempaa
(Corning) at’caltdentnegembthiiOm, while the | o\

filled with wiompl P@dmREcumat ed ON. Cell s we
Mat réiOflewi t h 1 or 5 IeM/dnéf @dt irmiFWVIod @rcdmbi n
Il ncubation, migrated cells were fixed with 7

(SieAhalri ch). The migrat ed acierd J er twed emipdrod o@a
| CC50. The crystal vi ol et was eluted with
Spectrophotometer (PerkinEIl mer) at 590 nm.

Il n wietrrmeeabi | ity assay

Permeability was measured ack.osGeldlcsbh®t Gkl
were plated on tOr. drissgeeclpblatWw&l4lc ofadredat ) and c
confluence was reached. Cell s were incubat ec
rhFVI IeM odef dctini b alone or the combination
the cutlt egbeml|l 50obnfFLG-EDadddf®t FrAAndr(iScihggmavas ad

the upper chamber and tmbefl wasemeaswue eaf i nl

after 30 min of Il ncubation using Victor Spe
(emi ssion). Fluorescence readings were nor ma
without <cell s.

7-AADt ai ning for emaleyngi s of DNA

C, HA &wvdIl IBOEXLS were analyzed to evaluate th
proliferation statuesuGalalnsPdBate rwei tdhe t2anthh eED TaAn
centrifuge, the supernatant was removed and
vortexing. This procedure all ows the permeab
at 4AC. Cells werer waBRB®d WNWFBSFAZBMbEDTA) a
wi t hud ORNAse at 37 AC (Ther matelwkeste) anJbest ep
i ce agdARAD7anMi-aot i nomyaaidm el@d) f or 30min before
evaluated t he-AADubby eBACGRI Cc(ed®EFNM excitation 6

oo



Proliferation assay with I ncucyte

C athAd BOBELCsWT and weAr 8 MEICsst ed at a density of
free medium. Prol i f ew &thi @nml Bvand ey tivi aosh FpReD'rEfCasr m

The cells were maintained in the IncucyteE f
Confluence a@alad ylsatse anmfaisgi al intelligence i nt
proliferation rate was normalized at ti me O.

Gui de RNA design and cloning

I n coll aborati ogRNAshaBaoIng &Ganpea sweamardesi gne
the web<£HO® CoOP (https:// chopchop.cbu. uib.
activity scoretandehoaptedi tyedwdenéf seBected
The CHOP CHOP tool was used to design pri met
Cascd eavage sites. Thé& oweNA soerqdueernecde sa s( Toal bil geo
with appropriate overhangs, anneal ed and cl c
i nto a LV transf etrhec obt-¢ giRiNds scioonnt ac as-n@t t e
il nactivating Long Ter mi nal Repeats (LTRs) an
human PGK promoter (pCCLsi4#WW6cBRNAhP&KRBOGKP.LW
Concerning the -ekpsiemg LoV, tihte w@ass9gener ated
promoter -6GaAs®hpl ap€Wi d ( AddgenE6 NpromoOb6édP1lwi

gRNA selection in HEK293T cell s

The LV plasmids coding for the gRNASpP rwees sei nign
plasmid in HEK293T cell s -Nuy | eldd Sycstiopmr @t 00 n:
Basel, Switzerland) foll owing the manufactur
t o 1760000 confl uence, t hen harvested and wa s h
Approxi ma@&cel y ss5wk®@ e resuspended in the nucl
10g of the Cas9 pl as mxdpraensds iS50 apnlgaf sentitde Haenuds |
I nstrument 6-83Pr od 0 anuacgIBe opfoesctt i on, genomi c DN

cell s was extracted wusing Maxwell 16 LEV B
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encompassing the Cas9 cl eavage siptra ghairsg eedk on
i n Thamldedicogrt o this conditions: 30 cycles o
and 72AC for 1 min, with a final extension o
subjected to the T7 endonucl ease mismhech a:
manufacturer 6s-tirresattreudc tPIC®n proldaucft7s wer e reso
Precast El ectrophorDdsaigsn®6®@&lH)cSpndadéxmbal Azed
with Atl as Clear Sight Dna Staind{(Bi-iCAdPaesd u
mut ations at exon 4 and 7 was quantified an

resulted in the higher editing efficiency, w

CRI SPR/tCvepseT $§ 98t em

CBOECs and HMHG st wamedlded with a two vect o
(Foll enzi and Nal dini.TR®OORi, r dameBeobpCesrt ai
nucl eoti de sequence under the contpupbmgptia d
resi st amadergetnhee contr ol ofurpumdanm aPGKlugradmaete
selected with a puromycin (1 ug/ ml; Sigma) el
The second vector carrk&@GedehetgBNAOBEqQUOLENOE
the GFP under the control of human PGK prom
(Furgp. 9gRNAg ai nFs8vet beamosgrst t heExsdi xg RINeAD i3g n e
Ex7 gRMADasi .etCadd &£X0@®r3gssi on was i nduced wi

ng/ ml hf or 72

ﬂl[}\ oo ‘-@j--uﬂ -— nomm ]

SO SA

Fi g09.Pé¢ as miCRd SR/ Cas9 two vector system

HMEQandB@EWsre transduced with a third generation LV carryi
synthetic promoter and the puromyci n( Irefsfi)ssteacnocned gLevVn e ounnsdterru
the gRNA sequence under the control of U6 promoter and the

ECs +(€ag@t).

MN



FVI1ll Activity and FVIII Antigen Assay

To assess FVIIIlI activity, aPTT assay was per:
curves were generated by serial di lution of
medi um. Samples and standefdsi e@TEQgORS mAleld
experi ments were performed using a Coatron N
and TECI-StkiAtPTrTeagents (TECO Medi cal Il nstr ume
cultured cells was quanti fikra@daiyr ENItS A osdayn dS
ELI SA ofFVIhlulmaanti gen (Affinity Biologicals)

For stcaunrdveenér ati on, known concentrations of
diluted inmculture mediu
RNAs e g

RNA from BOECs was puri(flinecdararsa tp@ epaiti ioauls.l iyh@le4
measur ed using BEFraAgmamticednalnwdegrnical). Lib
performed from PolyaApl us RMNA tusaisngrlelvli wmisn g
Samples were run in the Il 1l umina sequencer N
Sequencing reabdesmaereefkbrgned genome (version
v2.0 . (Mobin et (ami.t h 2(phBoamdtiérntxer Mi smadtchNma
out Filter Mi smatchNoverLmax 0.04) and provi di
GENCODE <comprehensi ve (&mmmntkdtsiho re Glevaebr. seixgdnl 632
|l evel s were quantifiefdLwaohet(eapgtuita@nds@idmnt s
gene_name) using GENCODE gene -mappédtrn eoadg vw
excluded from quantification. Gene expressi
pack(aRgoebi ns on.Netr nmaall .i z2a0tliOojn f act or s weneancal c
of -vMl ues (TMM) met hod (i mplemented in the ca
obtained using normalized | ibrary sizes and
genes, emat idalf fexpression analysis was <carried
performtegtQlft oF the interesting pairwise con

Genes were considered as significamt ||y odgiFfCf|e

|
Il



>1 and raw p value < 0.01 in each re(pPdu tetd c

al . .2014)
Af ter the identification of a dataset of dif
tool was used to identify pathways and gene ¢

A term i s defined as signifipcaallug esrkcbedl
Gene set enrichment analysis (GSEA) was per

version 3.0 (classic mode) and MSi gDB.

Proteomic analysi s

Cells were collected, was hed, |l ysed with RI
precipitated with cold acetone and resuspend
mM NH4HCO3 slwiafh 2006 mM DTT ( Mer ck) atky6l0aACed o
withkL 1D00 mM iodoacetamide (Merck) for 1 hour
excess was removed by the addition of 200 mM
and thern Mhewdaletded et al . 2016)

Digested peptides were analyzed on an Ul tim
Orbitrap Expl orHkisel4dd OAswintmheta i di gMmavef or m | on
System (FAI MSpr o) (al'l Ther mo Fisher eSici ent i
phase C18 column (15 cm I 75 Om i.d., Ther mo
6% to 95% mobile phase B over 80 min by appl
equilibration with 6% mobil e npehdasien B hfeorr a8n gne
375200 at a resolution of 120,000 (at m/z =
resolution of 15, 000; normalized collision ¢
dynamic exclusion of 45 ssa.tiwo vail ft faggreesn twek Al
and 160 V), with a cycle time of 1.5 s per v
mode with a static carrier gas flow of 4.6 L
The acquired raw MS data files were processe
Chi merys (v3.0.0.757, Thermo Fisher Scientif

the following parameters were choétovamedDatna ®d
02018) enzyme: trypsi n; ma X . mi ssed cl ea
car bami domet hyl (C); dynamic modi ficati ons:

no



ppm; fragment mass tolerance: 0.02 Da. Only g
reported. Abundance of i dent-firfaedqypaemti fdiecsa tw
using match between r-test Geepdipai t@adtmanal gl
using MetaboAnalyst softwarmrPe ofedrngsc ¢ m swiwedve me
significantly differentially expbdodad awleedn
proteins were analyzed omyrowghku®Dlait abhtaisen fat
Di scovery ( DAVI Dht t pver sliaon d6ClBYyst @rc i fammafl .ysa
performed with STRI NG.

Il ntact Cel | Re s fRiersatl iudn oWs iRreg pHirgmet r y

Cellul ar waesdatrertmiomed using 2K wriegbho t a 6 1 oonx
respirometer (Oroboros I nstrument s, l nnsbru
i nhi bitor, titrati o803 (RUIcTe) DPIrdt acecclo mBa&Jm ¢
manufacturer oftimehée ®so0ppbe obRauateirrid eedBOrAICE e 2 C
were detached fromDiThRe (Gl bsb)uyusicogntt eypsiisnng
resuspenwdaerdmecd mpeeepiration medium Mi RO5 (0.5
60 mMM potassium | actobionate, 20 mWM10awmMi ne,
sucrose, 1 g/L bovine serum al bumi®meldt/ ML1)
A couple of CBOH®s &fvdd mweHA analyzed simulta
nei ghboring chambers and oxygemgc ®mad¢ émtbr aoif o
(Oroboros) . Baseline oxygen consumption rate
ARoutined phase without and with py-ftumked (E
respiration in Mi RO5 medi M. waisb saedgdueedn ttloy , i n
synt hase and assess uncoupled respiration (A
p-(trifmedadroxy) phenyl hydr azoneceeN FIClCPr) e marst ¢ )h e
peak oxygen fl ux wama xaicrha le vreeds, piirnadtiicaant i(vfAeE |oef
phase). eFi eathyopf leMpt andnant cmycwar & E2gbent
added to inhibit ETC compl exeisndemerdddnntl ,r g ®r
(ROX phaseconfRamgtsi o (fl ux) were normali zect
at the end of the experimental procedure, th

centrifuged at 1000 g for 5min. The OceniM ul ar

nn
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HEPES, 60 mM KCI , 1 mM EDTA, 0.075% NP4O, 1
I g for 15 min at 4 AC. The concentration of

Bradford Reagent .

FI] eTw i CEPS

To i nvestigate the birredciempg dod{gsBeddl r ecepct el | c
was appl BOECen bKA uTsriinQEPFSI owDual systeums Bi ot
Switzerland). This assay was perf orBreide falcy,or
rhFVI Iclonwatgatemne of t heFltdiwe€gERr&memoadnd hehe
procedure was performed for the positive an
respectively. Then, |l iving BOECs were incuba
with these systems. Satmpdseisr apfebh sodbiEBEat | v
analyzed usi nBi hdionwg cotit cotmdeetIrllyi g @ m flkaacdes rt eoc ehp tge

fluorescence intensity compared to the negat

FVIilmmmunoprecipitation

A tot al of 1GuG@gnoFVshéepnantbiody (Affinity B
50 Ol of Protein G Dynabeads (Ther moFi sher)
Tween 2D) (WiBtSh a gentl e rotat itdhre tboe aedmss urFeo |l d
washing, a total o f 150 Og of whole cell |y
protease inhibitors (Ther moFi s-heanjls wampt Be&n
at 4AC with a gentl e r actnat iwars. cDu d ceecstseidv g IPyO,S
protein quality, while the bead I-P. chAfntpdre xt hw

the beads were resuspended in 25 Ol of PBS a
i mmunobl ottingcomdeti desaforindgbd grieCtdde o
Signalling) or FVIII (1:1000; Green Mountain

np



Western Bl ot

HABOECs were cultured Ui gsnpem®d®rmad&ivVami incr 09 6 °
Awasdded for 15 min at 37 AC and whole cell

mmol / L Tris pH 7.5, 150 mmol /L NacCl, 1% NP4O
protease inhibiteAl doacackt)aiwi tfthr occno nSieqrea at i on
Pierce BCA Protein Assay (TCharme RinRBGEGS Sci ¢
were stimulatedmfoofd8@8hkFVWIithbg adding rhFVI
si-Eeacti onat eRIAGEn uBn% e$S DS educi ng-t csafnedrirte do ntso
I mmunloot polyvinylidene difluoride membrane

the foll owi ngNIarmRt i(blo d3i0e0s0:, -dEinmvdiutl n mgeam)t; bamtyi
SantaCrphpshAkKtTyr 397 (1: 3006FRAKCHILl: 38I0On alCi
Signal i-;mhgo ssPrreen tTiyr 416 (1: 1060,c QCel: 11 09i0g rBalnit r
anphospho AKT Thr 308 4drAKLITO 0(01,S ii@edilald pSimghn al i n
phosphOR Ser 2448 (1: 50@0TORCe(l1ll: 1BMWKd aSiicghmja) ; a a
phosp® (1: 1000, CeBB fiLgaabDDODnpngrphbasARgnal i n
Kinase 1/ 2 (Erk1/72)(Th-AL8BI TWAPKAYLt (21 : (2EDROKDL,/
(1: 30006AI dSriigod) Q s\eEm@F Rece@p( dyr 1175) (1< 2000,
phosPpyhroos-TyeO )P (1: 2000, Talblul $ingntdABOGPrhBm I
(Tabl.e Bl)ots were visualized with-ctolmg ugape @ |
secondary. adtmmumdbpratcei ve wer e det ect ed

chemil uminescence (Clarity Western ECL Subst
using Chemi Doc Touch I maging System (Bi oRad)

Ani mal procedures

NOD.-Eg kdIdl 2MH$szI, Jack(sMG)#0@i5&sE pur chased by
River, whiHIAe mi te M8 Ge previously geneyated
(Zanol i ni .Wet aalls o 2u0sleBdb)™E | /fah df HAmM Ch &HrAl ens cRi \
were obtained from WT adding RR§epd8seet eabf e

Al | ani mal s6é procedures were performed under

nx



Il n ypievoeabi l ity assay

Evans blue extravasation was us enke stkd dg NSt i f

and -NBAGmi ce. For FVI I delivery, 4 1 U/ mice c
days for HA ddyxse. weS@ al so t3iUl weiusalinjfle tVe
The FVI I I activity was evaluated over time f

0.5% Evans Bl u-Al dol aoh) owa¢ Si gmacted into the

were kill ed, and theedxtnavhsat nobprwas tviasuas
mi c e .
| sol ati on of brain microvascul ar endot hel i al

We optimized a protocol to obt @aRoc®MEC20Db4as
Assmann et al . 2017, -Ratumpaynsaki@dtretelfally.2 02bB1a% )A
harvested from WUT5@BmhiH#Be .8 Mereikrsgeod dwer e det a:
was minced with a pestle anidmg/i)ythleam,d ®dONAset
U/ mL for 1 h at 37 AC. To remove theDMEMI in,
20% B%A centrifuge 1000 g for 20 min 4 AC.

pell et of cells was di@,e8&t)¢/dmtach odOhlee nflllo me 1 Wi
37 AC. The isol atpaid i délelds t woug hf G@Ain®mloy | E ¢

AcC. | sol ated BMECs were recovered, analyzed
col l-aga®tned pl ates in the same medium as BOE
mai ntained in culture for 4 days. | mmunost ai

| mmunostaining

Mur ibmawerrse h & rrwears tWeldCbrivdBrmiH@end fi xed i n 4% PF/
4AC and embedded in cryOptiatapmbeédyd ®Bigamesec
thickness were blocked in buffer contldiOni ng
I n PBS, incubated with primary antibody foll
detection DAPI was added t bmbaletsaiditiesi dd royg i acra

sectweoanes acqlAixn ed clani nmg cr ovsecroap & | Y Zedswi)t Ande

nT



3.7 software (Zei ss) . Primary and sec@ndary

Vascul ar density was analyzed with Vessel An
To stain murine BMECs, the cell s werxe dc ulnt Wr%
PFA forTRek!l weked in buffer containing 5% goa
X-100 i n PBS, i ncubated with primary anti bod:

| magesacwjeurier ed usi ng Leiacnad Davibabl Qy@ziewola cwa @@ ghd o0 T e
suite X sefijt.wdPmre mabkAS and secondary anti bodi e
6.

ShRNA plasmid generation

NI D2 specific predesigned shRNA | entiviral p
(Si Ahar i ch3pecT6EBE shRNA oligonucl eotides de

vector at Agel and EcoRI restriction sites
shl TGR GCCTTGCATTACTGCTGATAT) . shRNA agai |l
(shScramble; negative control) was already a

Control VeAlbtdrisc¢chpBi gma

Lentiviral vector generati on

Third geeématiowati ng LVs were pr(ddoddedzas arg
Nal di ni Boioeh) |l vy, HEK293T <cells were expande
calcium phosphate precipitation method with
onstructs (pMReéeg) pot handnp®&BWYpe construct (]
etor c opnPs@Kr. uFcvtl | (. 2 APur oRc; pPGK. Pur oR; p PC
PGK. shNI D2; pPGK. shl TGB1. 1; pPGK. shl TGB1
PGK. GFP. U6promoter. gRNAex4F8; p PTGKe. GFd®e IUIB p |
upernatant was badesewterpd,candebVrpmardi by ul
XxXpresswerge GFPtrated by FACS, whil e the ot he
ntegrated copHCGR (bgyP@RHant i tative

® »w T T < O
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Cel | transducti on

HABOECs wer e fclealtléddt cashi tay 180nd &af aessd6Gced with

vector carrying the BDD form of FVIiIl1l.2A. Put
promoter, or a LV carr ypung myebsei nsNiadnocgee ng2e. n2eA . F
contr ol of PGK promoter usingH&ABOECY i weéneilty
transduced with LV.shlTGB1.1 or LV. sl TGB1.

BOECs and WMEE@ LV transduced wi tdr LIWV.sGa\s D20
LVgRNAe x&F@gRNAESVIi t h a MOI of 10.

Anal ysis of | entiviral wvector copy number

Vector copy number oRBViglelnomi an HDNAc éd oBnrOETs w
previously described8. Briefly, SYBR green (
wi t h t he foll owing pri mer s: Forward TTC
AGCTGACAGGTGBATGGC

FI cwtometry anal ysis

C, HA &«wd | IBOEALSs were analyzed for the folloc
KDR, CD34 @hab.lCOHIMEE CanBIOECCs tr ans dguRNA werten |
analyzed to assess-BOBEs GEP aep g dsuheleTdG Baln t ahnHAA Vt h
controls were analyzed to assess | TGBX expre
FVI 11 HA BOECs was assessed by FACS, devalua
BMECs were analyzed by FACS t o (dTeatbelcefr dbir)h eiarc ht
sampl el dlvéeiwdresmtascquired on the Attune NxT
(Ther moFi sher Scientific, Wal t ham, E WAQ USA)
Soft BMDr 8i ©3ci ence

no



Statistical anal ysi s

Al | data were expressed as mean N SD. Gr aph s
performed using Pr pwanl we s(eGrcagplhc th aaf iehde Auhsei wiog
groups were@oewanp aANQAVA wi t h & oRo(nwdeetnr onma r e otsh
t wo groups were commarye ANOVAN wWFiL buehecoRD & feestt w
has been performed to veovéy mpehe . di5f fvearl eunecse
considered st atzpsstQ zcgad ,|0y 08K, gin.izOkOple,adt Q 0O 0 1 .
Tabl e 3. Sequences of the c¢crRNA present in t
Ex4 gR GTACTAGTAGGGCTCCA

Ex4 gR GGACCTGCCAGACATAT

Ex4 gR GTGGAAGCCATACATAT

Ex7 gdgR GCTTGTGAGGAACCATQ(C

Ex7 gdgR GAACCATCGCCAGGCGT

Ex7 gR GTGCACTCAATATTCCT

Tabd4d e Ol igos for gRNA cloning

F8. Ex ACCGTACTAGTAGGGCTC

F8. Ex AAACCATTGGAGCCCTAC

F8. Ex ACCGGACCTGCCAGACAT

F8. Ex AAACTACATATGTCTGGC

F8. Ex ACCGTGGAAGCCATACAT

F8. Ex AAACGACATATGTATGGC

F8. Ex 1 ACCGCTTGTGAGGAACCA

F8. Ex 1 AAACGGCGATGGTTCCTC

F8. Ex 1 ACCGAACCATCGCCAGGC

F8. Ex 1 AAACAGGACGCCTGGCGA

F8. Ex 1 ACCGTGCACTCAATATTC

F8. Ex 1 AAACTCGAGGAATATTGA

P M



Tab3 e Ol igo for the amplification of
F8. Ex4] TTGAGTGTACAGTGGATAT
F8. Ex 4 TCAGGTGAAGGAACACAA-A
F8. Ex7 TCATAGCCATAGGTGTCT
F8. Ex7 ATGTTGGTGGGAAGAGAT
Tab6 e Pr iamar secondary anti bodi es
Anti gen|React Manuf act] For mg
cD31 huma| €l Oone-08E ) 1:50
Il nvitraog
cl on e OES 10
KDR huma Milteny.i PE
CD144 huma| Clone Hi pp 10!
Il nvitraog
CD34 huma| Clone 4) ¢ 20
| mMmmunot
Cl one H 101
CDh45 huma I nvitro APC
Cl one ME 1: 50
CD31 mo us BD PharBn APC
Cl one 10
CDh45 mo u s 36F11 AF738
Ther mo H
20
CDh31 mo u s CI(_Jnel3\/I.e Bi ot
Bi ol ege
o 101
B MA Mo U s Cl one 1 No_t
Abcam |[conju
101
CD45 mo u s Cl_one .3 No.t
eBi osci|jconju
101
CLDN5 mo u s Polyclo Not
Thermo Hconj u
501
Streptal  ,pc
eBi osci
Strept a 50!
/ / eBi osci PE
Polyclo Not 30
NI D2 huma Thermo Hconj u

exon

PN
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Vinculin huma Cl onk0 H Not 100

Santa cconju
Polycl o 501

l gG (H + MO US| +1'arsmb e n 488
Pol ycl o : 50

l gG (H + rabb Ther mb e B 546
Pol ycl o : 50¢C

l gG (H + mous| . ' HbeB HRP
Pol ycl o 50

lgG (H + rabb Ther b e 6 HRP
Cl one DI Not 30

phospho # huma Cel | Sigconju
:30C¢C

EAK huma Polycl_o No_t

Cell Sidconju
phospho Polycl o Not 10

(Tyr 416 huma Cell Sidconju
Polycl o Not 10C

Sre huma Santa Qgconju
phospho A Polycl o Not 10¢C

(Thr 308) huma Cel | Sigconju
Cl one S Not 10C

AKT huma Si g-Aaladrijconju
phospho m huma Clone D Not 10C

(Ser 244 Cel | Sigconju
Cl one 2] Not : 50

mTOR huma| Si g-Aladrijconju
phospho Clone D| Not 10¢C

(Thr 180/ T| huma Cel | Sigconju
Clone D Not 40

P38 huma Cel | Sigconju
S 10

| TGB1 huma| Clone T3 ) 1c

l nvitro

:30C

| TGB1 huma| &l one D& Not

Cel | Sigconj u
Pol ycl o 101

FVI LI huma affini | Net

Bi ol ogi J
Cl one-0GMN Not 10

PV huma Green Mojconju




phospho VI ma Polycl o Not 1:20¢C
(Tyr1175 l nvi tragconju
Phosphor 1 ma Cl one PT No t 1: 30C¢C
(Ayx00) Cell Sidconju
phos—l‘{d,;hlg Ki n o Clone A No t 1: 20C
(Erk1/2)(Th Si g-Amladrijconj u
MAP Kinas ma Polycl o Not 1:20¢
( ERK1/ 2) Si gAmladrijconj u
Tubul in ma Clone D Not 13000
Mi |l Il i pgconju

PO



Result s

FVI | | i s essenti al for human endot hel i al cel

To investigate t heCsf, unwet iiomoloat eldVIBAECisn fr or
BOECs) or sever-BOHGs pawi thht di { H&lBANt BOEE&GS$ i O
showed the tygiidkeael moolphlo@a®igymeidi ¢gxpressed

endot heli al markers (i .e., CD31, CD144, KDR)
mar ker s CD3RBi @qlo@e.CDWe5 a(l s o-BtOrELss dvu ¢ ehd aHA.V car
F8& ransg-EYWEIl BIOEALS) to further i nvReWltlilgaitne E O
| aicrkigVI1 Fi g @0OB¢ . Transduced <cell s harbored apfg

copi el gD @and secreted substanti al |l evel s
di fference in FVIIIl fset¢til oBGEds ;ICad4 efc el 83s MNgoxl
HABOECs; and 3960elN s8-BiVomigBLDEEA )i g (0E¢ and t he
shortening of activated partial thrombopl ast

BOECs, 114 BOEZss B&r KNA 4 |-BOGIROF) J10F e .
| mpor,t aimg tnjdatBGEACs f or med a sparse and i ncon
Matrigel E i BOEGatrawhtchod€vel oped a compl et e

(Figuade B). Their functional i mpairment was a
ass&yguf€e D). | mpFovritl B OHEAYS &Wowed a signific
tubul e network formation, migrationBOBR@Gg per
(Fi guB-B) . Thus, demonstrati-ogagbbhatnm¥laliddmn ¢ t
could play a role in EC functionality.

To determine whether treatment of BOECs with
chall engBQE®sotadBA@E EGHA wi th two di fferent doses
Il U/ ml ). Curi ousIBJQEGwse heswad endo tfhaittt e | ii no/r ¢
rhFVI | treaBo&Efcs whiolwedHMmar ked | mprovement
mi gration, aRdgbh&ZB)neabhdesd yolfserved effects

rhFVII1IIl dosage used as demoinis ttrhad eodu tboyo mes sb e
t wo concentrations used. These findings coll
FVI liln owihtFWd | | adamiersisetntatailod or EC functi ona
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A Name of HA patient | Degree of severity Mutation
HA1l Severe HA c.6273G>A
HA2 Severe HA 1VS22
HA3 Severe HA unkown
HA 4 Severe HA c.5881T>C
C-BOECs HA-BOECs LV-FVIIl HA-BOECs
KDR
C . cp31 CD144 - cD34 o cDas
75 T 5 ™
" 8 o 8
:? o £ 2w 25 L
2 2 25 2 LS I
c = [~
0 0 0 0 0
9 g <& P SO v 4 S < 4 TS I ¢ 4
& & & & & & \0& & & \Qo*’ & & &
& dg*“ J &c‘ﬁ&\ F ¥ d"&\ J def@ & ¥ \/A‘(A\\\
D Sample Copy number/cell
HA 1-BOECs non transduced 0
LV-FVIII HA 1-BOECs MOI 20 6
HA 2-BOECs non transduced 0
LV-FVIII HA 2-BOECs MOI 20 5
HA 3-BOECs non transduced 0
LV-FVIII HA 3-BOECs MOI 20 4
HA 4-BOECs non transduced 0
LV-FVIII HA 4-BOECs MOI 20 5
ELISAFVIIl aPTT
E 600 - F 150 * *
w
E
o 5 400 o 100
E ? 200 — § 50
8
£
0 0
o 9 =
<:zo""(' & \Qo""o eoé‘g & Qoé‘q'
AR o N V3 \d &

v

Fi guxe Char acwoér ihg a ldtand-FLW | |-B HHEAC s

ATabl e reporting the mutati eBnOsE Gsn weA &Raetpi oeknatese tfartoi nv ew hi ooma gtehse
control (C¥VI HMBOHEAQ®N 24 fgroepSchal e badFACS2thd sbmgr ams showi
expression of CD31, CD144, KD-RYI CBOMEATaRAR CHDA S|l yai €, oHAiL nhe
copy numbeRVIclelBOHEABANLYIi gen |l evels in super-nandaasdscédoof t€Car
and-FVV | IBOHEAS , as determnnéddbfyf ELéSA biological samples f
experiment drameed bfeoern epaecrhfFA PO T ogs cay msasnplltey for FNelsupern:
HABOECs n=4 different biological samples for each group (t
biologic.8,lE asndmplelexpressed as mean N SD. -Sesti6tiFrpak analy
0.05) .
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A C-BOECs HA-BOECs LV-FVIIl HA-BOECs

B 500+ 100 _ooex o 80+ 25000
o | w gaer oo | ==
m400- éso %60' 5 20000
S 300+ 2 60 c 2 150001
S El S 40 2
% 200- - 40- . T 100001
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& © 100000
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< =
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00(9 00(9 QOQ, 0&0 oo@o 00“’0
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Figade BOECs dafective in tubulogenesi s, mi gration and per me
ARepresentative images f-BOBCa {(on0B@FEO EHAN s4VH d dBGHEALSS i (ng= 4AC) .
Scal e barB@u&mtoi fGm.ati on of the number of nodes, jCunctions
Indirect measurement of <cell mDPerameabi bytgrgssay veelbeéetss

extravasadiexn ran EhTO@ugh anBjCnt datl emenplr #pesre.d @ast aneiam N SD
were performed thr ¢d fiome = afcSitrageiasatlp xsaulb jaencatl-wasy sAN@BA pteersftor

(****p < 0.0001)
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C-BOECs + C-BOECs +
A C-BOECs 11U rhFVIIl 51U rhFVII

HA-BOECs + HA-BOECs +
HA-BOECs 11U rhFVIIl 51U rhFVIII
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FigarkeVIitdneat merBOBOCOs HEArhances EC function

ARepresentative images from a-BtlOEICs| ¢dgeB)ctasesaadapgdowi €Ch(1=3)
Scale barBQua50oad téGm.ive analysis of the number of nodes, jun
Clndirect measurement of cell mi ghrQatainan ftilkkradu om orfy ptea Imewibd
extravasadiean ram FhTOugh anBiChnt datl emenxelr @avesrre.d @Bast aneiam N SD
were perfbomeaa omcsHuobrj eecatcSh agrn st p) al analwasyi SANOYA* st or med
0.001; **p < 0.01; *p < 0.05).
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FVIITI is neqwiesmeckl|Ifamtegrity maintenance

We next iama lwyezsepde F meabi | ity by i tHAe cmi og NS
intravenousl!|l y an t bI-tEwmdisn gb | duyee,. Typically,

conditions the endothelium is i mpermeable to
bl ood Fegblgefsi{st panel). However, i1inldAeased
mi ce all owed for the extravasat Foglpfes&vand
panel ). I'n Iine wit-ARVbur-HAS@Bivi®usads agds end) s5 (
recienigv 85Tyl mouseFVvVdfl Il LV showed a marked reduct
(Figu3ethird panedHA. mbicmi t aebhy edN®8Bery two da
for 20 days showed restored physiological v
decrease in EFagsadlefaoaert bagpagel [reJakés tade
that FVIII pl ays va sored c ii anlt ergali g yi. n

NSG-HA+ 5*108 TU LV NSG-HA+ rhFVIII

77
/7.

Fi gaBe FVI I | vraesgcuuhaatpeesy me abi | ity

Representat iBveansnabgleusse schyoew e xt r av as aftiirosn) i ppa dHAt S@seteiothida | t i
panel MAGmMi ce i nj-EYXiieldi wvd t ham@A NtSrGe at e d fwiutrht hr. lplaWlellt ot al nun
of animals wused for eachHA omiddéd iiomj-dwdtise d6, veiwmtclerpleV 4 omi NS Gwe r
KnockFob8E#Cs show a significant reduction in fu
To confirm FVIII i nvol vementwei nusked fCRh StPIRO |

technol odg¥8 nGCsE tFairrgsettl y,h wman rminsrdavvaegdcul ar er
HMEQ)wi t h ~aecttwor CRI SPR/ Cas9 system with a d

PY



Cas9), and a second constr untt ecBricegty @ Agcohedi gt
to previous results, two gs8i dee weargedhange r x
1) and the other targeting exon 7 (gRNA 2).

As s hoRvingtiwe bot h gRNA LVs transduced ECs wi
treat ment with doxycycline, we FiopeBEg vedhatan
correl ated with decreased FVNVIguLEpRevEVesn ciompeE

gRNAs were able to significantly reduce FVII

We performed endot helial functional assays o
formation, migration capapi tcidhyaorkioqBeodl (er
G). These data furtherly confir meddettheastmiEnCes

a drastic functional i mpairment. Remarkabl vy,

the treatment 1IWA-G)h hihgrhvililght(iFnigg t he potent i

restoring HA EC impair ment.

More i mportantly, we cBQECY mehi ¢hewer elat mams
same CRI SPR/ CalsB9 .s ylThteerm i (ghhieg ef fi ci ency of ¢
these cells resulting in a greater reducti or
gui deF8RDBCs 1) compared to thodged8BOEGQxn s cEeHi
18, C) . Il nterestingly, we ¢tounavl trmearsh aan cleadwe |
i mpairment of EC flun dhk8-BOECs Ash o Wwira ddMiEECHh mp ai
in their tubul ogenic potenti al and migrator
permeability. FinalldyhernhhFWYIlulnilcttiromatl me iyt i inmp
( FLBG) .

Il n conclusion, these data reveal a new funct
role in coagulation, it directly contributes
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an intactofmoesmonpd y=R,GEAN Hmd e expressed as mean N SD. Al e
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FVII1I1 bindi blgactta vianteesgrtihre FAKi mp a\EiRiwalyag v irerg ul

We next i nveslbéRValtleld itrheregul ating signalir
angiogenesi s, migraFormnt higs dypel Cpobnepeatr tevdad tt eEhten t
tyromhomsephoryl at i ean wphdRrMdwaly adymi ni stration wi
recombinant human vascul ar ewekhbehi aegglatwbd
ECs. We found-BtOE&Lts twi ¢ tFienh § hiedr r hVEGF for 1
similar phosphoryl ati ofmi diefe.l sHoowe vae rl, 2 Ou nkl D ak

rhFVIII failed to induce the p20¢s pinadriywREte{ on
1B), indicating that FVIII operates via a di
phosphoryl ated protein, which we identified
FVI1TIlI treatment induced t he pvnosstprheoarny |taatrigoent

mT OR, and p38Fi piu@ e np)t. ERK (

A thFVIII
thVEGF
B wFwn
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; a phospho-Tyr ,UM a pVEGFR2
o] .-
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Figabe FVI I lad¢tmnidua e is/oSip eotf h vFaAK

AWestern bl aovthod elaycsgiCesd od mMBBECs incubated for 15 min in th
rhrEVIILI (1 U/ m) or rhVEGF (50 ngktmlr)osamdsst &iurbard i wmi twha sa nut
contBWwWebstern blot anadBY&iCs ohcWblatferdkomoHA 15 min in the prese
or rhVEGF (50 ng/ml) and stained with antibody ag@inst pVE
Western blot anal-BGEGs ofr avCtlLed r foonro HIAS5 1milrJ/ wnil t ho f o rr hwivVtl H | a
antibodies against pFAK, tot al FAK, pSrc, tot al Sr c, pAKT,
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ERK. Tubulin was wu
p38 expressed as f
by -wag ANOVYA* 1 psk

hosphoryl a
ange relative to untreatededcontrol.

De@u aanst iaf ilcoaatdiionng ocfo ntnrcale.ased p
I d ch e
001; *p < 0.05)

S
0.00
To investigate whether this signaling was a
receptGsr ovwe R seld itCHEdPSbheawdnrdecept or capture
assay is based eamr mt hegasgEphipareysh @ mr ¢ & at al |
detecti omnmeoéptogamidndi ng on | iving -BOECs memb
were treated with 10 1 U/ ml rhAVIICIEPSorsy5tle mi
showii geRe t he-Tmrh EEIPISI c omptl @ xbiwa® OB®d wi t h

hi gher intensity comparedritGERBe aredadVver o
control ,-Ttr@BB®Serirmml ying that FVIII i nter ac
surface of these cell s.

Based on our results, webltl aiiGB&ad , o@wr katyt eErcCt it
Il nvol ved i n angiogenesi s, known flonrt eirtess ta bnigll
we observed t hatmnmulnGBplr @ cnidpeietda tc enlde pwei nt dhe nFtV Inhal n r
(Fi g urBe . To further -lcTo@B1l r mnttenriasct FVWIAlL, 1 we

I mmunoprecipitati eBlOE€spewhemmeent sTGB1l Hwia s sil
di fferent short h&i gaide. RNAe FYhRNASsIitdglyal W

reduced i n -t h@GBxk cdlllesm,c egshubgsgeensctel ngf tihtas 1 &c
precipitates | dsT$5B1lc a mfEFiergmi€©leg ofmVilgIrlef or e, we
FVII1I1I was unable to incrk@BGks FAKI tphers phiolrgh a

or treated with DefactiniFbh gu&EZespeci fecnFAKC cIr
of FViddduliamti nnAKheaxil §GB1

To deter mine t-medinateedd odctHWIAKII en gabl il TEgGB1L
functionality, we performed tubul ogR@QEGS s, m
that were either silenced for | TGB1 or trea
observed that FAKi trea&t mehetplesnidgenitf iaman tolgye nd
Congruent-siyl e HARREICS fail ed tionm fydrtsthotwu mgl ens
I mprovement even W@pgamBRVIBI)I. tSrn ena tloaetnarn e(sswl ti o
mi gration and pFdrgh&€xebDy)ernt yl hssthesé data dem
directly interacts with | TGBl¢r tdiealebfyort rmaig
EC functionality.
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AFACS anal P BOELsoftridAat eeiRwWCERS gelyevart | igand, -mMRiglBRSve c o
(known I igand, posiTtRii VCEPSorf{trmdIV)I | 19r CkFVYIsPE twaeirnee du soendl ya swi
additi onult reecanBeOdOdBAYe st ern bl ot analysis of | TGB1 en an i mi
BOECs treated for 1 h with either TWebktfkemih &d 030shUdMwiningoft hnr
of FVII-BOEGs HA eated for 1 h with 10 I U/ mlIFVveldIlrbhFVIII 1&)1c

were also probedl WePDoanpaotisbdédymaftiow cytometry analysis
HABOECs, shScramble, shI-BOCBUEsWe sdred ns tbll D 6B aA.na | BtA iesa toefd WAL f

BOECs, as -BM®Hds asr athAsduced with | entiviral vectors (LV) car

Al'l cells were incubated for 15 miandnstaienpdewienlceanti hbde
total rFAREGBRAdantification of the increase in FAK phosphoryl
untreated control. Data awayeARADNOVWVA steas taswane ame rNf SDmed d( *o*n*
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FigageVI-lht epbinding activates FAK padgd hway regulating EC fu
ARepresentative images from a t ub utlroegetrii@E CG9IS, s aays -PaeEICGlso rame AH Ao

transduced with Il entiviral vectors (LV) carrying either shf¢t
presenceacceer odbsl | U/ mL r hemWB QulantSictaatei vbearanma |l 5&G0 s of the nu
branches, and total |-BOBCH i eatbédlCnrdd érseant ik snetarsiurt~e ment of

by elutiomlcft cntysBACeY itm eldA e dA.Dd nd epsedrrnodbeehdi liinty assay qu:
calculated on thaexxtrramvddhatoivgm afmBPBTG& cttr enmtneod asyse rd ed ¢ HIADb ¢
B, C, Dmde expressed as mean N SD. All the experiments were
by wag ANOVA test (****p < 0.0001; ***p < 0.001 **p < 0.01
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Il n agr eemamt waniknlo Yamrdi ngs, gene set enrichm
di fferentially expressed genes ( DEGs) , i de
devel opment, cell mi gration, regulation of ¢
i ntegrin tekhbchiugibgec ¢ Tihrese pat hways were do\
CBOECs and wer e -Frvesliclu etdr aunpsodnu cltM on. Si mi |l ar
gene ontology (GO) pr ocesosmnaonna |cylsuissb doufl alfE@sh
genes | npraotperiont eiinnt eraction (PPI) network. T
analysis were very similar to those identifi
such as anga dbhgesiesn,s,amck | BCMeorgami alaon ani n §
(Fi gaBe.
Together, these results uncover a unique tra
i n BOECs. This pinof vainddnalviugirost i wintal tdhd f er en
above among -EYI HBOE&ALsd LV
A
{ {
LV-FVIl HAvs B st
HA-BOECs ‘ll!ll\llll (IR 9 TN TR
B PPI network
Gene Ontology nemer
Process Down in HA vs Healthy Up in LV-FVIIl HA vs HA
eadly o o o SmE T A%
; : 0:00'.;'00 OOO. ° oo&:go..'%'.o %
Leukocyte migration - .0000. 00 °° ooo ° O.OZ' o: o°. C:
é °.ooooo .ooooo
Fig2@oe GSEA and Gameal @fsti BMbdyl at ed genes
AGene set eaemaliyxsinee n(tGSEA) plots depicting -Bb@E Gswaaynsd trheastc e &
LVFVI I I HABO/ESCSsHA Key pathways include vascular devel opment
extracellular matritxe@QECM) cet anB@ra ticteen i lasdfdtriapameins.a heat |
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commonly enriched gene ontology (GO) process terms among th
These DEGs are compared across two catefgd®il ésvsibBbden HmeHA
clusteriad wasngpdbhestladdt®d® from the enrichment anal-ysis. On
protein interaction (PPl) network illustrates th®diendt eoacti
correspond wiltyh etnhrei cchoemdimoGO annotations highlighted on the
FVI1I1l enhancesoft Nd D&x pl@ sfeurrvat i ons

Our tranapcalpsiomiceveal ed that FVIII pl ays a

for ECM organhizp2iPieonToi ngaEs mor e mechani stic
NI D2, a glycoprotein crucial for endothelial
the most dbgnr éguoubhat &g -BgGENCs iann dHA ensduCGad eldy
transduct iFong 2B )F.VIlimpar-tant $, ahamgsi s show
expression was induced upon FVIIIl t-rredtcenedt

i ncrease in RIDREpxpression (

C-BOECs ;Jt:l i 1 ' ' A i I ™
HA-BOECs | _
LV-FVIIl HA-BOECs |1+ 1l .. A - (B " . i
Gene - NID2
B LV-FV c thFVIII + +
C-BOECs HA-BOECs HA-BOECs - -
#1 #2 #3 #4 #1 #2 #3 #1 #2 #3 FAKE - -+ +
- == o2 = SanND2
150 kDa — - — = 150 kDa— - -
— e— a— - s s | o Vinculin — P —— f
100 kDa __ - D e o= 50 KDa__ aTubulin
Figdlne NI D2 is a downstream effector of FVIII signalling th

AGenome br svhoemi nwgi evhe asvegmade pRNMAISde of t h&E VNI BROHEsn.e i n C
BWestern blot analysis of NID2 exf{fNVeéd $sB@EALS e(vred 3)i .h nAUCi afmnt=i4
antibody was used tCoNesdorefinriml @equahall gasdiBOgEICsNtD2aerdr essno
rhFEVI LI in the presence or abstnbeloh det at oidydidnagcrFallsie)dd f o
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Thus, we t fBEOELCucweid hHALY carrying NID2 to en
cells that phyoiwoleagiresl|sli wh®kdwNahD2r estingly
t hat ectopic ex pr eBOEIiCsn nooft MNInD2y ienhHAced

functiBing@dBg yCY bDutcr albbeed mi gr aFtiogrlyR ec aapnadc i t
restored barrier integrity-BBOECked2E)XS. compar a
To substantiate the role of NI D2 in EC func
specific shRNAFpgaA)ei aaBBMET 2 4)e. NI D2 knockd
significantly i mphi gkBge EC2 R, 0b8a&r1) b gger naét si gosnr €(

2B axn@®l) , while it i ncFegaRda2iEdl .pe mpealialnittd y, (

with rhFVIII failed to restdeéitch€&€nigiE&sr €d
E aa2aBE), thus confirming thatedNBD2di segwlgat
fundament al EC processes.

Overall, these findings establ i sh auncdeurcsicadr il
how ECs respond to FVIII by downstream sigr

behavi or.
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Endot hel i al proteomic profile is highly modu

To investigate in depth the proteins that ar
we performed a proteonrkivd |adB@HAYsS i (sn o fCor HAa at

We found a profound difference in all the pr
foundupr2e4gul ated and 432 downr e guBCEtCesd (pFrCot>e
1.3 amdup < O0.05), significantly suggesti ncg

physi ol ogical endot lmeldeBi,alB)p.r oSti emoi nhiacr Ilpy,o ftihlee ¢
LVFVI I | HAB@mB@s HAeveal ed 504 upmodul ated and
when FV4d htrioswozd, (F).g

As depicted by the princ,i pdABOECGBpchast eanaley
whi | VLY IBOHEA shiomt ear medi ate | ocalization bet
(Figure 26A). |l ndeed, the first principal col
bet ween all t-F&I| ¢$ BOEKss naandiILyV moves on t hat
CBOECs. ilmgley,esas performed for the transcr
proteins which we r-B2OEGswna redy url-Ea% beldEB®HBA IH.AL We
found 251 proteins that, according to our an:
of IHM (Fi gure 268B) .

This set of proteins was analyzed with STRIN

were obtained (Figure 26C). |l ndeed, the | ar
related to angiogenesi s (GO: 00015d25posiBdM e
reguloaft i oenl | mi gration (GO:0030335) (red cl
previous functional experiments confirming a
tubul ogenic process and ECMAmdmgitlhdasge whreat -
found some of those that transcriptomic anal
and others which strongly correlate with ou
( FN1) , coll agendadl| (£Ped Ay, a(C @LsFALTrlansf am
especially, perl ecan (HSPG2) which 1is one o
endot hel i al basement membr ane with COL4Al1 a

detected probably duei st owha clhi mist antoito ra bd fe tthoi
proteomic profile of our samples. Cluster an

t wo rel ated t o t he glycosaami holgyygrcane (18Ot
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(GO: 0097367) (yell ow and pink clusters) and
transport chain (GO:0022904) and cellul ar re
26C) . This | ast sdlreatge mfl aslwsoew sd i aswdhdi vagir yd ersactre
respect!| ampg thow d$ihgniehr ¢ ahima mtt reofdfueccitngi st he

t hat HA BOECs l acking FVIII could have an

| mportantly, among the pret é&owmar diastmtoarspeo s2e

(SOoDb2) , which is widely recognized as a pi v

Overall, these proteomic data confirmed our

di scoveries in the intricate relation betwee
A

HA vs C-BOECs

724

LV-FVIII HA vs HA-BOECs

Figabe FVII1 modul ates proteomic profiles of BOECs

AHeat map showing the expression pattern -BOEGs ffBr ¥atcahbyp
showing the distribuCHeat ndpthttowiamg phetex mrassiAon pattern
bet we€EWNWILY HBOELHEWHA cano plthte diswirndgputi on of the same pro
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Scores Plat

O CBOECs

O HABOECs B

QO  LV-FVIIHA-BOECS

UP LV-FVIII HA VS HA

PCa(za%)

DOWN HA VS Healthy

R w ° £ «©

PCi(sasw)

Description
GO term Description Strength | False discovery rate
G0:0006027 | Glycosaminoglycan catabolic process | 2,25 3,13E-05
161 3,13E-05
se on | bonds | 1,85 6,00E-10
Description Strength| False discovery rate
G0:0006950 Response ta stress 0,58 3,B7E-06
GO?.;?;; ‘Response to cytokine g,; 1‘.}4:;-):5
GOterm Description Strength| False discovery rate
geaee FVII |l expression rescues proteins related to angioge
rincipal component analysis (PCA) describing tB@E@=ariatio
gr eB@ECsHAIi n  rFeVd | &BGHEALSY i BVehuea)).agram representing the
wnregul at e d spBrOEtCesi cso mpnarHAs on and -BEYIrrlelguH-ROEGshHhAompaniss @ m.
luster analysis performed with STRING of the 251 proteins:s
d only the fobrelnarageadty zceldu gtoeri dleaate fy enriched gene ont
scribed GO ter ms, description, strength and false discov
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Mi t ochondr i alr ergeusltpaytrgad? li loln i s

To evaluat elABV@GECHhehavdecompr omi sedompdroedotna
CBOECs, weomedsasuie®eé respipeameabiilnziedt aet ] sn
Oroboros anal ysi sBOWEE so bdsi esreviceade etdhesati HAoO X y g e n

I n the three distinct phases af2ef)hie rno uttoicnheo n
| eakage (L) and maxi mum respiratory capacity
a protonophore that uncoupl &9/1dxXB@EQsi osnh dw oar
significant rescue i n the aosxdysg@@B)e onsnunmptnieo
these re8O0OECs, t-henKWBB respiration, obtained

from the routine oxygen conBVMimpl i par,t i &l sy rm
oxygen coORsygmMBERi oRegspveatory capacity, obt a
maxi mum respiratory capacity from the routin
HABOECs and reported to tFiegZbiaks.al | evel afte
These results indi detma nad |cowghadBoWeCrod |clb hepnaer regy
tobhe healthy cells. eMectoveaer fcamapioeyulcihdgoIni
direct debeptlt expabhdhetomwmftymed the results o

anal ysi s.

FVienhances the proliferation of ECs

Considering our results showing | BO&ECsme we i
guestioned if this alteration in ABPetwaehes,
C, HA -&aNdl IBOEALSs, analyzed by 7AAD assay. Cur
in GO/ Gl and S phases and a slight BUWEGCsot si
compared tFWIC IBAOHIKKBL W 28). Thi s result pointed
absence of FVII-phgoeubilmpgmalaitfee raatnioon .

However, more i mptolrdataéngllnyclu aowet eMBaDiyd2sHdX e s pond
to rhFVIIIlI enhanciFng2aBeei Theaterebubgtewshgge
act both in physi ol ogi cgarlo waankdt ogpra.t hol ogi c al S
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Figa7Ze BOECs have impaired mitochondri a&FIVirledds pHA aBtOECs compar
ARepresentative rnxtyge(nOCR)n soufmpC2iGIn2 my ot ub e s Baffitt @rc h2o4nhd rtirael a
respiration (specific oxygen flux in the routine attate [ R],
C2C12 myotubes was af¥éssedHHArMBLBECSo HAC®DaW geMowepnsumption |
ATP productionsensiet.i,velriegsopniyrcatni on obtained by the subtrac
BDReserve respiratory campaciotfy Rolfraimné&d b yrthhres e blivpaledg iacsa
samples for each group were analyzed i nBCavolDatd® Liemadrednt e x
Dare expressed as mean N SD. Sitwatyi SAINNOM#AF pasabDy6ils wwps<p6rD
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oliferation in both C and HA BOECs

am obtained VD y IBTONEKIDs aisns awh ipcehr f3o rpnheads
distinguisaed: GBEOMGLT other three graphics repae@ent the
Representative curves f growt&i oédCwianhidl tHMe BOECEf rebpkci nwv
analys$8iogsh kinds of cel l were treated with rhFVITHI s(1UIl / ml
experiment wae tpiemd 0 rfnoerd-BtOiErase adni of ftehr reBetE AFaft fae B enndfia,dHé
expressed as mean N SD. St atwasyt iAcNaOYAArwkeisly sviasywadddNOVAewh s ms dc
foBrand (*** p)<0.001

Figase FVI I | promotes pr
ARepresentative histogr

h&
o}

Brain microvascular endosmphi akednebompakedf t bl

Many shavde esepbéemepgpat i entfs osnufifngrr acr ani al |
(I CHBut ebmewoerskesi | ed i n differ emaeamaoaphinlgi & eB w(e
pati(Zmtaggemaker et al . RORd|, nZeasioing@ébdi édihsar2mr
whet her the absence of FVIII or FI X directly
arise from the hypocoagul abl e state shared b
Based on these data and our previous we nding
assessed histadlheegaical msecbvaasubéa8weekdsotdled i
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WT, HA and( HB5 miacre eackhegrbuppossi ble diffe
deficiency olffo H\Wltlelctornt hFel X.ascul ar systems of
and cl audi‘rc edlInsCaDANStY) i ngltyhyeawe uf aundebnbdaty o
(FigkeOBer resulted drasticall yFirgi®A)x edorcroapa@aimr atc

our hypothesis that HA ECs are i mpaired comg
WT and HB br ai nFivg28&ru | haars shyeq@ineg@OBpesTkedse da
suggest that the | ack of FVIII but not FI X i
role of FVIII i n the maintenance of a correc
To explore whether this i mpairment i s presen
the same i mmunofl uorescent anal Fsg&8@8pnabdain
24 weeks Folga@mi c8i (mil ar results were obtaine
to 8 weeks old mice highlighting that the va

compared to WT ones indepénhdaBel D)t oTheeefagr
i njected HAFWYI ke andht h¥steo mliOc% orfe akc\hleldl uapc t |
weeks post LV injection. Thus, when they wer
structure comparing them with WT and HA mice
t hatFVLV I mi ce s hdwvwaed dae nbsriatiyn sviFansgcBuB e E). WT m
To further iIinvestigate the relation between
Mat erials and Methods) to successfully isola
from both WT and HA murine braamal Witert osweér
percent ag(eemmdotCib8Ili al cell s, in bl ue‘cedrsund
(microglia, i n orangée, g&mpeuntiVe3O0 W) t bcnoeadtuerdn s a
well s and both MIewmmd!| BAIl BMEE€sc hi ng F80g% rceo n f
3B, C). The used medi um ficelslpsecil fnide efdor i BOrsu nk
st aisrhiomgge cul tured ceCLBMN&MMe N®TEBACGDIETr si st

pl aRieg 8(DE . Only a small per ce)nt sligteauncefo upsd ryi @y
with BMEECBD).
Taken together, these data show a drastic re

in HA mice compared to WT and, cr-uniabtdyct ho
in HA mice to restore not onlay pthysi obrogectalh

net work. Moreover, the optimized protocol fo
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possible functional and transcriptomic diffe
the role of FVIII i n brain ECs.

D Vascular density
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FiguxeB2ain vascular network of adult HA but not HB mice i
ARepresentative immunofluorescence of histological section
cCb31 (first panel, red), CLDN5 (second panel, green), and TC
Scal e0ObPmaBS=ane faoogy A brain taken f€%8am8 ae ek sf orl da WO'r anioru stea k e
hemophilic BQUHBY i mouosaéi on of vascul ar bderlsoigtiyc add tsVdTemIsldds aa
3slices pessbeyaeBawarienaD are expressed as meafmaly SANOVRL at i s

test (*** p<0.001).
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Fig@80e FVIII is essential for brain vascular network develo
ARepresentative i mmunofluorescences of histological section
for CD31 (red), CLDN5 (green), and DAPI HBHQulaunet)i.f iTchaet ii ama goef rv

density ofWTa nttidmikese=B(i ol ogi calats almpasets Zandl i ce3Spalre bbain w
200mCSame as At dloegn2bdveadims a hd mWkDeSa meBfaosr a br aR dveteakkse m | fdr o m
WT, HA arvd I Ui ldnkd (bi ol ogi calt d4damapltes8 ahdce)sESpaenre barsaidn fwer o r &
taken24veekd VOVIdI mMidAa. These mice-Fwdrld iwhjeenc tt ehde yvavtelly 6LV8 we e |
anbare expressed as mean N SD. Stwatyi SAINIOcVaAl tesal Ys8irg pwad. pe
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