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ABSTRACT
Mas®BEhesi s

I'N VI TRO MODELI NG OF NANOMATERI AL TRANSPORT
BRAI'N BARRI ER (BBB) MODEL DERI VED FRO

Cemil e G¥K¢tE

Ankara University
Graduate School of Natur al and Appl
Department of Biomedical Engineer

Supieseor: Assoc. Prof. A-elya YILMAZE

Bl obda n barr er (BBB) s the ma n entr
cons dered as t he -rbedtattleedn esctku do fe smds tk eCN S
cand tates aga nst Btama MmMumoér § osmeh ( &EB M
(]
n

phys cal BBBr @ muamorb| da@ad r er (BBTB) nt e
character zat o are h ghly cruc al for t
of bra n tumors, espeucndalrisyt aGBIM,t hteh ebreeh a vs
and BBTB n further stud es. In th s r
nvest gat on and comprehens on of the c
the devel opment of the Ba&IBs.anAld ®BBtT Bo rual Iny
a m to des gn nanodel ver Y NMgppPptemosandhe
and BBTB and therefore successfully del

del very to the tumor s TtBe.moWetlhs , t het ns
nvest gate the transport of these mat er
reasons, n th s thes s, usef ul n v tro
us ng d fferent at on adared tdwel tpuwro preg t metsh
endot hel al cells (ECs) and then to nve
across the BBB and BBTB. Demonstrat on of
pave the waWw for beéhmee eC-NoBrleafteerdr esdt ud es a
used n the treatment of var ous neur ol o

Septembelispagesd,

Key Wolrndgy: thmoma bh olbarr er model , human br a n
plur potemftfetemtcatl!| sn, d sease mod-blang, 0
tumor barr er, fluorescent nanomater al s, na
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UPK H! CRELERKNDEN ELBEYKEDKBARKXRAR MODELKNLEL
NANOMALZEME GE¢KKKNKN KN VKTRO MODELLE
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Fen Bilimler:i Enstitg¢sy
Bi yomedi kal M¢hendi sl iJji Anabilim
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Ka-hey nrbaif(l KB8) , mer kez S n r s stem ne
mult form (GBM) g b bey n t¢gmerler ne K
MS S | e l g | -oju -aléxkmaneén °neml b
k ame yt ¢nntPar yer (KBTB) be¢gtenl ¢] énegn korur
bu -al ékmal ar - n olduk-a °neml d r. Be
etk nl 7 n n mod¢le ed | eb | mes -n I
davr ané kakaerlémaésné naan| ht ya- wvarder. Bu baj
KBB ve KBTB'n n gel Kk m n n alténda yat,
arakteéerél maséna ve anl akél maséna onl arca
KBTB' Yy gre- makoda] étem s stemler tasar |
kull anmayé ve dolayéséeyla bunlaré t¢gmer &
Kek | de beyne ul akt er mayé hedefl emekted
model |l emel er gt en/buu smeaelmlemeln kandan bey
me¢ mke¢endger . Bu sebepl erden dol aye, b u t e
kull anél ar ak nsan beyn endot el h¢gcrele
daha sonra yen FepresgdamMMhbheoma) z&KBeB v
takénmaséné arakt ér mak - n kull aneéexl & r
Kandan beyne ge- K n n g°ster | mes |, bu
daha -o0k terc h ed pléermesx arke , - aH @&tktmea | at @ a
hastal ékl aréen tedav s nde kull anél masénéi
Eyl ¢ 1392w, a
Anaht ar kkenl vmele®@r kabar yer model nsan
kaynakl é& plur potemd, kR&sthglcadle | modelflae ke &l @l

beyt ¢om°r bar yer , floresan nanomal zemel er, I
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BBB S one of onhées rmolsa meeaxsctl aasn dsv eohfu dteH e nlygr
S e Xt rmepoeritydbn o me é pgahtl co n €N Sd r usgt u dl  ekse

per meab | tydelsaumeheyaanmgme ntas dsf Inbekuar onl odg sce
d seagdgasnoarsd( Ba glbcrha ret al ., 2019; Z. L u
Reddy, Tat part , Sau, &Ré gar d BaBEB2 tio dié, | ¢
cancheandeér | @bAB@mritd (tHaarhser el |, Cour aud,
& P | k ngton, 2@®@10%; Nle.uhHelsmsetetalal,..,2 0206 ;

Th s t hesabsaspeacowr dpetd on( SCCesnarb e enr ¢ 8@8IWBs o f
anatomy,prfapett m@meortant ter ms daendlerf men emn
tranmepohan pamshpagsent . Al dtdhee tBERB nd rhcker st
thes , 8 ffTBBBNmMmodnelvwsnt td&dB)nd three(8@Dmems
factors or d seasestheeBBs ngsghwetydy asupts
BBB seaseNMbdaded so meadrscarkeenodel vemyadgst e

t8BBtudnesud ng cl n cal ones are ment o
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21St eCal (1 $Cs )

Stem cells (SCs) are und fferent ated cel
typew th n human SCssma&y eduvedans. t he
chronic human di scamsecesp ]l a kdeissitaebmedtiers oafn ds
cordyitmjamispl antati on of &Dbrdaisithyes etdisnlfyor
cd assadi etfbhgomat opomadeatl tand pSChiapede rotn t
sorqe&ksal ra & Tomar, 2014)

Embr y®9@QEES Csi)mnao red aanisdie-# ¢ n eovefdbo ssnd i ny €she Dbl
i nner @ealdl deas sr¢ & i-8t e@imd f ® Pl ruyroi sp st esrhoywn b
t hese ommeldimsdryg f er eat masé kanAduddal§lA S g pee .

f ountdhuembi | i pdlacenrntd, and MmMmMhAéevrpobesdygst ms
di f fer entbiyaldipgdteeatng dla (fKaangirliayn & o Tohmeag , a2 0
wi dely used in tissue engineering(Eberkge

& Atala,nd@aooéeéll pS Qugr i PHC ss)rotmad e |cl sv hg acihn

pluri byt emdaywanchanakg trangsC@® i @BKbAR, facd oc
MY C( Takhihast aThey 2P®@¥9ess t hreenecavmd c atnyd
potent al t@anyg fcfedrlentypaet eder ved from t|
ectoder m, endo(dre rgad,) enfeaseggd egrerm e r at,@ch | T kKem
embr yon, cs adiastsneiogt h av e Deetlhsiicnagl .eits saule.s, 2 0:
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22T hel odd abaarr er ( BBB)

22.1 Strufaohoteoand

BBB @asselect vely s,emomer nlecarbelde tshyes tmos t
pr v | eged barr( Alrasshman| hes Rd®@\U b a pdecnutro
dur ng drmredtasl pbf oftemabhsodhpyotectt hon noft hteh e
bra art scwpl ar by hBeBBwviotsae nfeudn ct otnh e sfdtodw roef
k sod s ubfsrtsammm easlagooa@b | unbrnd@aslnd@e v @@e dv drhauss
BBBE onslbhrocmem cal d ommerg malonf ¢ Nanhcen Py
Saalg, & Sellers, 2021)

222Neurovawcul §NVU)

The BBB has the comb nat on woft ht hr géat nt
prot(eTJdnss)ke ocdluNd)and EcCcClbhiskprs ZXE3),gurreanspo



barw &l anpponwswa ke d ffus on and24) r amscy
met abol wcthbhaelnzigenegh mimamy | t rGInPs)p eapntd dad ke
phosphat a(sbb(ALR) R°nnb?2ck, & Hansson,
Andj el kovd¢ons268608) of cell s hav ng mahcbmpe
the transcytos s of( Morsde seotl Tihéele sc,rBaERB X )b |
compomaeet pcaystterspacnydt eesn d o t(hEeCtsr)aedahem g bsascul
un NWVU() as showgIl nnt R ehgédlvdgdaadpt | | ary wal |l s &
ECanECs ar e c¢onnewht ecdt torgre dTtldris xc th e t(wAebebno ttt h ¢
et al.BlodfOlsdagesaslurrodredcéadthbypywhynawhs have r
ma nta n odnihBBlodarddrow,oceBBBorntegr ty a
damg&Karbot era.Pet alftes22089)uatfectveorfp acslta:
end feet, play cruc al asolweslulpmasttan gl Bz B
contr buBBB ¢ gultahte on and fpumdtutcroam@s f dadrym t
growt h-b f B&@F Al ahmar 2021;. TAewd akso apr
extracellul ar matrrexgu( BEMd)Y @ Moy nPRel dred
Soff ett , .l& Ruhde , b r2a0 2nlke)lsl sdyem nedrmsel B B al at e
passage of mmune cperldw daec r omma pt phpey nBPByE oa
par t( AKlleelsmar , 202.1; Daneman, 2012)

I n the basemfmbat ame fhipbhEe@ ent er act p rwo ttld kriesC M
coll agen (Col),, dfl ybcrdopnriecettet enpdr&odt )eno | k e a n ¢
agrbys ng Nt egmd nt h e« bBpBhBo atgee puopECKn.
proteresprom nenmayecocmxmaodlee st hoeny, o fs pg@sada mi
mono | BaByBleaor mgtKaado L nv I1e, Md yno ,neXiv,ol & g
d sesasestashAke hds mkré§ ARBrembr ane smdat sr xpt
metall oprote nases dysfruspcdl achmmaef pr 202 h e
2012; DanemanF &r tPh ebtGy\d rdgple5a)t o nmitt dn@druatp c
out cowmena ntsiee baderedognl vergr syahe(pRasn)dc | e
ECMatBBB bef or ér peematchhenmd 5 yse s e m/upatrak ecl| &@n
rel easemerntHemdloebkseesEaCIMs &20460) mouduolrat e
preswntcle the part al | oss of somd AE@GQM @dn
al ., 2015; Rascher et al., 2002)
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2.Bropert es/ ChtahBeBBt er st c¢cs of

Due to theedsff ar € he tbhrrao ung haonudt tthinee |BeBaBs o g
cap |l ar es, aadt eetned eosfg RtehnedssyBBIBsRa vwemda n ,
201Rgch vascuelhtats ndg fsfeegpment Touawospontl ppo)
rel at eadd egepreesdtom nant n venul esar ewteemre &
n c¢ap Malcadro nead d, Murugesan, & Pachter, 2

As descr Tblesd fboerfne Qaanyde r ¢ a@efal for determ n
degrperméab | itTyh &af tshdbeBRBBse TJs cons s
wh c¢ch compr se a sequenceclo®OClimMg,ns membrt
adhes on (MAIMsgmdres predom nan(s$ge cF3pagudr @



( Daneman, 201 2; Furus@ut Safs atiCh.eD-Bi& asre =luns, tt «
be mdet prevalent onvor n aensSefshaé&l T a UFkuT dua ,
| mpor thabnettleyr,ogemposst on of CLDNs w th n
cellul ar barr ers anfFbumae etuabl pg20a?;
On ther oth&ndt ataef foefctGNS he funct on of th
(Abbott eFomrl extauzyptr@&@ semzmeges the mol ecul
regul at ons of nesrhec tsBBB r magn@me ftfyt h et a
Papadopoul o.©9taderat han2004mempamerit £,nadd p
as vascul acadhdopG@ahdccHe/reEln) aenddathleelpl alt ed elt
mol ecul e (PECAM1) ar(eDandeematn,f 2e0dl 2 ;n Dbarnae nr
I n add t onf or mapb hanmr TtJys of t thseefl fhe enb s a B
per meab Pet meadsdod yanod e Dpurd ejse ot bestchreo s s ¢
bar suemt oapsol sgr take area, nsoh eepceud awe fd let
met abol anmdladrChtfyt g 0, 2017; FongAl s200,1 5t; h ¢
rel easement of ageem@&sdl!| ckE&end apwadcu c tv eo p ec
oXxygen csapne cr eeclAlbdtod t et al ., 2010; Abbot
Moochhal.a, 2009)

Anot hepr @B8stagnsendot hel al ER)E®smdcadt or
bet wean EIfsa and way amfalgyuwamst fsy ang .1 he fu
can be r egwplhaotsgpdc ow ytl hast tnfoew nadfr sO@INN f cant |
by add ng ROCK nh b tor mMmRewh tcehCednlo)r etas
surv ve @Katwdadtetral ., 20H8weRaceegbedt | al
VEGRS seen n Mplatt Scglreer 0 swst lort oadECangr /G
ncr ement of t decpefd@&®Ry Il ocoweramdy t he e
OCLNs and( ELDHAwW, Gurfe n, Zhang, Zameer,
2006)

As a condegqtuemcte,bra n areas exh b t spe
h gh TEDBRBSNA@CL-Nos t amepgoTlTlsnazedl et he membr

ma nt aPgedefofyl ux may be count eldo aass scehsasr ac
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As menbebdbdddedel ofermol encudred out wsofr @diel abt
t hrough putmgprsgeatntd nlgy prote nhé& ¢ hEkERjaedep
var ous pathhwayps dofarbrl etctud eb & & worl soppadr tand b
Thepat hways npaa rnd cye l dmué ar aqueous/ d ffus
I poph | ¢/ dc & rf-nuesé roant epcat hrwfalyux (transport
mechamecmmpadrat ed ( RMAgrcd/dsoosxr pstr an6A8AY)X o0s
(Lal atsa & dBautg4).20p&8)y aqekbubk fpdatfhfwasy,omo



sol(unaet @Ir unholl ee)swicdhs aspasasvmhy transport e
ntercellutar np,o het Mddercnreetde by tr andmembr a
CLDNsY. H. K &r,gekn no,, & Crandall sBuz®Ga2ad] zW
L ebner, & EmMHgpeMeheerrdt t hedditlogndpal ueskd n nw t h ¢
and other prote ns may bl o(lkaltéates &,r a®icshpt
Uchegbu,Il n20tlr2g nils cped d hul la pa/t ch Wwlafygyysd wnl e anc
amph ph | c smdwt é f unod letypharisodusgwb d a yceerl d d

membrane to ¢(tLaebatshe&BBBtt, 2011n8 ; c-alrarl aet
med at edumenrfodusx ,esnsent wh m&Y amaddimdlye cdu |l fe
t hrough rtame rmerkle am no ag¢ dsd agheu c e saen srpw
nto tiweaCN9peccararFoerse.d nsnt amae, da, | mwcl ec
mol ecul am ywea ngeh ocardieg s & Psar ge neutral, am
and glutbsesegusesse tr anscpaorrftLesrls a(t&GlLaU T&1l )B ua s
| nf fel ux mexcehnaonb som c s, endogeneous metabo
undes mod lelctid .ec. az dothym d ne,al oyattlsed s p C
transpotr t eoff aH@we actefvfep umps osuchrmasesaden
tr phdqaApgPPanbd ng cass(ed AB tnrd aamsgppsotbttee ms| y |
me mb eABAB@D°scher & Potschka, 20@&BCBMNMahs

podglyycoprpop)ewhmoaocte Usé&ehygh mol ecul ar we

(e. g. pacl taxel, | operaas det svsunbstasat @
pr esgtemeccumulmtt hdel &Ir at :1a & uBrutthtemtnBobrleB,j a
ECs endocytos s, nafhcekbopaonse vspseseht

transpornadspe@Pul yaedlyh@ 0L 9)s¥ eASMmeapn d ARMT.

depeonndst he chargeas fwdlne lasscmbreasnde o be tra
the BB8. modxcauasn theveppl gygmargped y mpNBSs, and
Themagngawgeh t he nbeembtr aardve Abnydef ogmalnlg sur f
p ts n the mamepPpidVaelLunamhblg; 2Malydar té& ePa
conttaagsportat on of swarh oauss e pmagetr eokmosi ee g
nsul n, , pterpatnesdfées p{( nn) , V ruses (e. g. h e
part culate formulat ons (e.gonjfugate DN a
t hr osueggvher al arntehcee pB®BIst raasnsf er r( TNFRChcaept or

recepnmhnlorke there S no expresssonnofhetB



(Lalatsa & Butdge20E8seiilaer g, & .Teéf &l u
transppat Atvagn BMTaaldlaske dehssn specelptgand
nterantt baesbhrad nulEtCsmondr € caenpdr ogger -ng cl
coat efdorpmdaRdaln ng ntracellular traff «ck

separates fremalklheng etclregptmeceptor EO© be
surface (Brtolo&kshbr 20M9; .Nmncewomael uslhet, BBB.
bl otkse gn thol padd eabnrda meotlrutet smol ecul es

unr ergoyita of bra n by constra n ng the pat

Adsorptive
Transcytosis

Endothelial Brain
Cell

F gu4aTe ahh.s poastdersoss the BBB (Created by
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BBB mohdaevles been asttablbesthteedd m m ¢ n v v
studeéesat @@N3I,oacl ndvegdeweulgoapnuile mtg dted tvrea at
aw de rrmaewgrolodg (clHeé, dYse,aslkes .Cloa,ce& hEag,

pur posiesBBtBromodel s aretadtrageweaedaddadu ltatsur e
cul tuagwl tdtyrmed®@Dc EEERMsad8bn cr of | ul fdGamenso,d e
Mendes, Mart ns,(s&eSZFFag@im.teo, 2016)

Monocul ture BBB model s asefbrc aEnOsst wihc tcehd afl
growmangaieddr.Thres ewvetl 4 n wh c¢ch théranser
s de, wh | e md eosotdd eTthsee | efx csh amnmuglea toefs gr owt
the cells as well as small mol ecul es S
cel | magrad svomlse des( He eesar. ct2dld4d; Na
These models are the most commotl|l gehdedwl
s bra n ECsurgfradgzcketehofnisteaphsy,s wltolg cal S 1
nt er acdt fofne rwe niftle .cee.l | adtyrpeasfy ttelse BBRHB.r eTyh tes
used n s gnal ng pat(hGwanyess aentd atlr.a n s2p0olr6t;
Nonet hrealnetlsgsmat ¢ ¢t e h | andahiyees bsar E€8 or me d n
ns,egrtvs ng r sepetraneabr €1 t & p Geenaessur etme @t s |
Mor eoBEvCerd,ed fferent t on Imags thaf gpototmod setd
BBE Na k & Cudehlce, 20 2) compl ex smocdhe | ass |
culture BB&8venchdedsAddot tCecA0BB)Be model s h
been cowstGsuEtgerdow ng ol anla ead emloltsy b/B swot h
toesemble the BBB phenotypd nmdrhe sle kmeo den
are seeded ns de the nserts,oranpde atrheey t er
ma netda bny grown ng thetmwhmrt ketlhad avtndste o wie |
( w/coo)ntoactoon the undem st hded afelde h eto n€daecrtt 2 (
cul ture w ntah earsotnrdid agydtt edsEdE Rl ow per meab |t
(Dehouck, M®resse, Delorme, Fruchamtl, ar& ¥\
caeulture wmaypy pesukyt as TEE |l aucerthecaes eECs by
of factor secret on or gapujahcbobnoonf 8Bhd
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barfuect( Bynasl et al ., 200AMd;d Slg notmaedl st ud &
of hCMEC/h3nawm tfhket al g athgrl werd cn eunr eadennstee
be an alternat ve approach to generate ar
cellyleingsabundant!|l y hondgpeneeso edT md &/, @R
cul tanhagce for matth o:n orhp ricdye mebouin c e d as
compl ex BBB maddluy ., HaokheeIrterl |Treul aur g 20 d
ar e des gned t o ncorporate advanced B
neurovascular un t ( N\hle)s es tnrouwdcetl isr ec afno uned
ECsper -agytefdytadosycsleless ng bra n ECsonns d
the unders dve tdf dt e camde ®@andttarcotcyt es at t |
(He et .dhe, a220@014) on of astrocyest rammdg tplee
barr ercomttregbutegd toedugbdr pEE&ERBRadawlia tet
2009; Nakagawa etnabe,usaul @7 jmoadtelt heapgpeoese
stat c n v tro modedsedaf ftelceal eamr gervee@ n B
pat hophys oll tlg weal .dNewedr 28t & & /s wd Isl amaeaed
ncapakklpeeblcaddprfddmpwbgd ol og cal Easgeant a
preskBBtreandr fnMcat ko & Cucul | o, 2012; Pr

201BQrther mor e, n the absence ofhanteiml t
cycle rate tends to accelerate, result nog
Therefore, dynam ¢ mdaoel sn limd od dp@d mevsl e g £
al ., 2016; SanThgwneca adte aln.t rpallGsieGt)n d keb F &

sp e epdt mp, wh ch s regul ated t hcraopu ghl lae ys c
art f ¢ al structural tsuempesritese,r (MHamealsy |
Cucull aPhg®1l@Ql)log cal shear stress nduc
transporteaps easdmmd@dd t on t(oratribe | Ibgro2 0d
exampl e, nclus on of bl omds uH sotwa nhta vae | ly
zonudca | udzedl)se xpr ewl lboa decmeoavlmgetded br
per meabHel etty al ., 2014, S ddhbBnt haese Kmmg
bra n ECs are cult vateddb mmerher mscar dbpoe
chamber, and are subgvwe cwlear @ as cotnlie muoallsl|
are setehdeedowitneace of( Gomese et kaér s Boylé6; I

us ng dynam ¢ model s numer owssap hysh aalaaxcg e
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seen at the BBB stuwchpodsarl oo | peecrunhaebs la ntdy p
BBBpec f ¢ prote nshreghadd@&m@ERie (t€mmnwpbotd:
al ., .HoOwe8v)er , they are not preferrtednef or
consum ng thheadrmedd omf tlo gh cel I( Naoakd & g
Cucul | oQt RReOrl 2t) ha n cheollllso wo ff tblee sBBB can b
suppoesuth ool gmef z ng ECM eprgo.t emwatt s cgaehl €
advancefmetnt 13 e t @wThhn osl ogny , v ntarnce | BB B He ECNV
modemM sm cserEWM om mentcl os e nteract on an
and b ocheni ocraria teggaendreddit s gNmoanletrhgel ess, t
axonven ent amdc cimeMapl ksa s& sCuacMiol rlecoy22Q 1 2
m crofl ubkte pmedyyimam ct onofB@Bm wWetved oped
addr ess tsheofl dwnadnBocohno dée |Ks m, 20ITh;eyYeor
usmul t Imywdrladd cncdawiomer hannel s cross ng
anat hpor ous mehmeloreamert sr sTehcet mepenbmamn e ECs
astracuyjttaugs ecddndo ¢ éte h & rhbaont nhe | ssh aanldlly oswdt m ecs sf | «
(He et .allh.e,y 2hOalvde) been wusedanmompetrare arbg |
m grat oamdofaldelrlas ons (Bodtumc& Knmof2Qah
al ., r2a0blh3a;k aPr pand.l ancenchbssoh@1l18he BBB m
var ousn modserldsependent on researchnavetro
me etpuntgaBBBr epr opneritageosnot been establ shec
s st | I( @adraddseon,g Brg tes, & Br to, 2010;
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Tri-culture
Co-culture

Endothelial Cells

Pericytes
> yt

Astrocytes

| ¥ In vitro BBB
' l Models

3D Models
ECM-based Microfluidic
Hydrogel

F gubDd fZ2.coemft gur at

BBB Nodel s (C

Model Type Advantages Disadvantage
Epithelial cells overexpressing * Cheap * Di ithelial and
Transporters model * Easy to standardize cells

Nan-physiclogically high levels of transporter

Transwell monoculture model Uses brain endothelial cells

Effect of other cellular components of the neurc-

co-culture

- Gerebral endothelial cells on microporous | ® Inexpensive vascular unit (NVU-astrocytes, pericytes) is
membranes neglected
® No shear stress
Co-cultures models ® Takes into account the i of | ® Relatively and ti
- Co-culture of cerebral microvaseular other elements of the neurovascular & Mo shear stress
endothelial cells with astrocytes unit (NVU)
* Co-culture models using pericytes
* Triple cell co-culture moddls (astrocytes,
endothelial and pericytes)
® Co-culture of brain endothelial cells with
neuronal precursors
Dynamic in vitro (DI¥} model ® Mimics in-viva of E

No possibility to optically monitor the cells
Special skills required to culture cells in these
conditions

Microfluidic madel
eo-—culture

Mimics in-vivo sinmation possibility of

Not well-established models presently expensive

complexity obscrved in-vive
® Very high TEER values

iPSC (Pluripotent stem cells) based model ® Generate models similar to the human

Differential procedure depends upon random and
pormanent inscrtion of transcription factors,
Comglicated procedure with meagre yield

Rigid removal of epigenetic markers related to

environmental exposure or age

Table 2 Comparison of different in vitro BBB models for drug transport

Model Type Other brain Sheer Time to Appropriate for Cost Technical
cell required | Stress stable migration assay requisite
produced TEER (d)
Monolayer No No 34d Yes Low Low
Co-culture Yes No 3-4d Yes Low to moderate | Moderate
Cone-plate apparatus No Yos 344 No Low Low to modorare
Dynamic in vitro BB8 Yes Yes 9-12d No High High
Microfluidic based model | Yes Yes 344 Yes High Moderate
iPSC based model No Yes =1 ¥Week Yes High High

guGledv2ant agg ssadavrmacht agensdeaks

2021)
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24Sources of BBB Model s

Over t hde fyy@®i®sn,mo dne [Vsatvreo been f es tr sl lv-édBsBhBe d
rel at e uxthu da se sd raungd thamarggteetg onrg - e chéamns mad n

and humanNomaeadeolfs.t het hemmdmnel sbalrav er prope.
structure, funct on,g aredtrbeshavmemnaewmnha gk $a |
and makehat d emlgtea n the depar model ar rese

24 Noshuman del s

BBB modnelvws tro mlhymme mdbkeedweend s (erg)d mou
porc ne, bacadaulsevohet he dhbérfa aiurlBt@s haunndaonbst e
therr mar y( Ha@l stHerl ens e.fT halr.B,t 220l 6e)mpgt Haae
start edberwva tnh cobapol bar aebd a,a TkXer/ 39 aph alviear
be¢emeat adnwytme tmo x taulmpeéea tnerrayarmp EC&B GECs )
(Bowman etPralnmaraglCs81)sol ated from BBBmal s
n v whoch makdsrdysamearuasceeflulul 8at abandpo
Abbott. Hoeinédy ,ssaie moialt st he resear chnegr s d
the pur ty odt ocdrertdbtea mar Elascsholesved by tr e
cell Pgwutblst r at e(, P erurr oemyecRent esdsain & 0f59r me
cul twrtimgastrocyt &€sgathdd feoxranp ere ctyhteesr ¢ ha
study the c(eHan entt ealact 200nls9; Ga | |l ard et
On ther ohamde a n ECs as an mmeXNBDadn zlkda
pr ef érerceadu s e tyhey d mg&yaugbearndhav ng stabl e
character st <cs ndependenf{f Hams t GeHehms e
2016)They ccanrftrboemoa s e, wle neh cal |l yt hmeod f
p
e

exprespoloynomd m dfWagideman& Beblausehlhawd |
beencuda ured watnhl astpéeapteesacter zed BBB
barr ers a@@@ohsgh dEERdbmta HOEBEMW dely use
f el d as mmo(r B warl e kz,e dS aleM d d dcrame& eF °tr asrt geert,
ant beoomrdd etsher enfoodreel sr coadceentvery su tgab.l eM.f o

Lu et aThe n202atdrilowvut @& nebetwhr nteclsl st he NVI
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d e mo nsetnrhaatnec e(dA OMiEERt Dol man, Drndar sk ,

et al .FRur2zZtC&werteq the need for | arger sp
ECg9orcbna n ECs have beem brast{iiMcaphelkat
Meyer, & 9GgR bl amonddddady e demoedmy gat eFTEER bot
mo rcal | taunrdecsa b twu rtehse hheyl dpr oocfo mt tdheneubndr e 1
astrocywteas t.unTincgor ef or e ,e x h Hbms ep erdonteeatbs | t
: 1998; Pat abe
Patabend ge, Sk nner, Mor gan, .B8 VA bnbeo tmo,d e:

mol ecaul essma( Ho lse zsesl et al

have been sourced from BBB@Wmasn,n&ea nt te d&a
Bet z, & Gol8smel ar ©wO8PPrc nemanpohdoew sh gbhc
TEEWalsiet h -andomibt u wéasgerhe at erqx htamh 860
show | owefr -3TBEFOERiE "m t hen swmow@®Madny researche
al so found the TEERoewvlkea BBBetrn{ dHdhdpaitBdéme
R |1 a, Suhonen, Ruponen, &1 mer &b erddhe, 22X
w de range of dahé éete s aédaonvh anfeElEdRr d aulnsa.t e |
the frcutobured mddednsu ghdaucéealngres TJs, datifgect
per me amd heygs ed n drugedGraahds mordt &s tded B
Botdhr @ ne and bov ne BBB amddelhse da bond dngy € ¢
be s on alteerdg ewhg ueaihta ntc eest he r wuse n seve
transcytos s(andMpebLmeab &l ty 2021)

I n conchuantoomal model s have sualttahoegh nhh
sl aack of predyseamnuesprdo dyc vliarl ed BB®B, phe
as well as major d fferences n the BBB
(Hans C Hel ms et al ., 2016; T. M. Lu et ¢
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In vitro models Cell lines

B Transwell (52.6%)

: e Stem 1(ofo|o|0 |=
O Microfluidic (26.3%) R :
3 Spheroidal (5.3%) Primary-| 2 | 0 | 1 |0 |0 |0 Endothelial cells
=3 Hollow-fiber (5.3) Immortalized - | [ZRI T
2 Filter-free (5.3%)
B Hydrogel (5.3%) Stem- 1 (o [0 |0 [0 o0
Primary 1|1 ]ofo]o Astrocytes
o |mmortalized{ 1 | 1 | 0o |0 |0 |a |
g Stem-| 1 | 0 [0 |0 |00 |wm
E Primary{ 3 | 1 | 1| o |00 Pericytes
Immortalized-| 1+ | 1+ [ 0o | o |0 [0 |
. Monoculture (36.8%) Stem- 1 | 0| 0| 0| 0|0 |
= Co-culture (63.2%) 3
Primary-l 1 |0 [0 | o [0 |0 Neurons
Immortalized-{ ¢ [0 | 0 |0 |0 [0 |
i Ho|ofo|ofofo
Pnn?ary I ] Glioma cells
Immortalized-| 1 | o [0 |0 |0 |0
T T T T T T
EEREE Nmme: |
izt s
§ 2 £ 83 0123458
- &g a3 & T
9 £ Frequency
Totmsty In vitro Model

F gu#Ch a? templody meaod e lofu latritydp e st u da red artia
ofusaged foff ece leynpgdosr m n gmoBIBEB sfr wq t ¢
(Prashanth et al ., 2021)

242Humamo d el s

The resharcapre t-humdn nmesdewesl | as otfhe d
express on of tbamaspoECsr besweenémedger e
a need hfamrced BBB mM®yWeed et nalv. ,t r009; Ur
Wel | s, & Fr elshkeg erudma @2 OBIB?B) model s are pre
BBBhnoddlesauspret shberepr oduha na nl metByE Mvs t h
M. Lu et.Haolweve2021here are concerns overt
BMECs as BBWBe mioa etosfeéedtr a |laecck ex per oamelnlt al
sol at on and souegchgsndbahalddalt odegntth
propert es afayt heoswe BME@a mtvearnedkt emdwe dt

(Hans C Hel ms et al .., T2hOelsbe; IT.m M.atLuords
byestabl sh ng mmb d t af & sazhenta nh u&h avhe gbdr®an g2 0 1
BB Weksler.et al., 2005)

16



242. 1 hAuhmeammor t agndo ¢ dicell IndlRl CMEC/ D 3

|l hhe terature, therfumar bhaawsd E@foinet sajg sz et
st udsivecssh as BB19, HCE®,|damansHBMEBEC/n3g Vv al
phenot ymaelsy awt ages dgmBhabletmet aMe ke 1 Rom
2013)Out ohheatmbhce melmr at ov&Lic mlean h CMEBC/aD3we |
char adt ereipre@adh g c-tedmlslipuman i n vitrdbaBBBgmed
growinid enhanatikoope noli inf eéhri g hs(pBaBs sVidegkes | neur mbe
200bY) expresekenas iTthp 0 nt asgaBEBiByuwinnpd a X@enul a

occl ulde(iI9® ECAM X¥Bdheri nCLDONGH&ARs C Hel ms

2016; OhtsuExpeesal onh »0dBthieGleD oy 6Ch N,
i bedét ect e whpephrlosao hl.uehnCoWEaCl/sDoa3 ex pr esses
of transposuchpas hAuBarss r@an.sp.oABCB1), essen
del very thr(dBadblett ke WBBS.IFeorr etxiamlphe s2 0d
transporter axpdredheion fluemcel o nal activit
measulhedtransport rneotleesc udfe sa mva Lt ehb evraar o fowes
and physicochemical c h a rt aacstseersiss ttihces bhaarvrei
and distinguish |l ow (o dl éri gbtThabhrcd p@MOLA |
mechaof glaomi d beta Headomwmeshea dCNE | no tahviosi o ¢
neur o ttagnxdi avl aosticdcxpincs e gur o Cc B bemmeg gence of net
di seases sudsh diss(eMabszeh eilLmaighl i n, M.al | ne , &
conclusion, hCMEC/ D3 is a unique BBB mode

hCMECADBeasng t sel fcehl omemmeElaleagaean twhte I
sur fi ahe KiHtainen C Hel ms et al ., 2hOCIMEC/ BB W
mongeskdivol d hi gher ¢ ontcreamtteiiaeta ro nisn seefr tTs] s
pl aFast hetrhi@ErEeR t bt se manaolgaeyse Gfsd oqgnx € m
(Babettre eWe kashl .ean B&hBthan model s ,betnhc rse avsael d
w tclcul t aCMEG /WD 3alst r ofcHyattenser el | ae®t wetlhl.e, a 2
add t on ofbdyawwe@eorctossen® desmpdopl et est
TIGF°rster .eNteveltbB€Efa@o8pef ualanpeornacel | ul
transpor ti sonfc rdeeaxstetrda atshi rnodiugchtyitoonk i nes and/ o
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(LofR@ami rez eReabntl 012w pr epawiatth omisg hoe
epr escfi olMds andf rtdrimesop as t emst ®é Iclomstruct
effeineci in vitro thhuama nEBRIEB nesskeal devel oped

242. 2 Hu man PSCasr (vheadms €s p v a enadwlt ehreell | asl
( BMEGoBBBnodel

Recent progress n SC technolog es all ow:
w t h deexbpaen and renewabl e capab | t es, suU
(Pon o et hlhemat 2Wd 49Ce cc lsd lelm, cahtiutheamin. , P2SOCL
(h P9C& ppmann .et al ., 2012)

As ment onktda brefrog epr omary bra n aBds fr
pat enths ghlayndd fnimocrutlal kawde BM&EWsr maypr e
spec fsaochendgadh@@L M weVvVsSuasannpabl e funct
phenot V.peM. Lu.Se,br alen,at2e0d2 1s)t ud es thhee b
usoh PSiCsbeen hcP&@®edvBMECs are w dely us
to study the devel opment and trhef heehana
neur ol og clalHaed ts égddosg dasne et ,al GINSI 20 1)
ant m cnrfoeb¢ tallo m® nt et al ., B9P18;sBaséd. mK
(Canf el d elts alg. ,et20all7.;, -Aen2a@; KAz@ap mann,P
Shust a, 2014; Wo r k mfahnedy& m & v to mrasdesat b aZ G 2 @)r

propertr reed at ng w tthha nt pnea nnya@Oesy mimo rBBRB8 =z e d
I hedowmah malmamdesrhlug yn may prov der an$ pomt
pat hwadyrsu gf odeend d veea ryl er (Br b-pudbsewveryet
Roux et amtdhe 2029®) and BbDbemogebsittommadhoes dreel
t exambnotnhg stdgmnaaen and hanglehs s n st wehyBBB de
from these cells have fac | tated the br
(E genmann . Hawenndarhn @bl ot ent al of PSCs
robust culture and( Ddelfsf enrge n@t faét kb roenn £p0r pobt pot
h PSCs cultdufteneadBMB@®s oinave beemnheelyeas e
S ncel eOl1s2 ng et al ., 2018; Holl mann et a
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et al ., 2012, Neal et al ., 2019, Par k et
Pra-a et alt, aR01920T7;QSaebd ns et al ,
Pal ecek, &.ISthutshhea,p2Eldbgel a&llsy &drea bvaesd o r o |
foll owed by the pur f cat on ahdehhet het
BMECs thded fferent atTonMcuyul @ 0AYitld) at lo.roch atl
| ofhgegrm cryopresercirauc oanl otfo eEBMENCaslldciBdg on a ¢
ot hese cesdaW/edsef beenmgemgr ess on oantdigBg mar |
TEER m | atrr onpemdBEB.sot imetrte@asg@asner ate pur
(W I son, Faub on, Hj ort nRlsls , P a bceetre kvle d&
BMEClsave a s gn f cant mpact bumamhBBB

devel opment and d sease.

Human in vitro BBB Model
hiPSC colonies

===== non-purified hiPSCs-
= derived BMECs

T hiPSCs-derived

BMECs

=~ Transwell-clear insert

_ ' pre-coated with

Collagen type | +
Fibronectin

F gu8he PXRI@sy venbdedBBstruct(6Gneaned byoB oR

242. 2. 1 Char adct B &CGzra tv eadspBeFECCt v p e

Af toedbrt a n -dgr hveesLBMECal charact enndatct en
for these vBAME (dsa ttaod BbBeB o mo @ adaxnpprl eesBEMB@s o f
rel atedemaskand Tpl(set g. P®C@IlveJne ng patracel
andgf fl ux t(rea.ngsppoRetvens ng tocambseidredalv &l
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time quantitative reverse trRTRCRI gt ioan
cytonaentdr ywystakab zemounocytdC€Chremastiay as e

Devraj, 2014; Ddlhserng heatn alh.e,s €20 2 (h)e nt e
bwel ectrophys ol tolga tctalp e meBeMEnCa ledo exnodl sa ysetra n ¢
Suchl EER, a hall mar©Onot hberatheECé&and, m
mon tors BMEC monol ayer ttohBdB8tnttee(gBgnsyen, r
Cramer , & GAadd at,, @az2i@mll &)y satnrdatd enlh veh gr apeu

t hrough,It hkee BIBBu g ss am dn dsemMserda |b yf unotf d el
BBB so they e theor flaave tlo mnt{ed ulplacd Jaa &l
2014; Par dTharmgepfeaor2de@@a®) | t pe nt aamcyneadr caacnt elre
t he transporutt asfs wehléls eanss ptehread p enfo |uescuual | el sy (t
FI TG x tsroadn ,um f,| ulowce sicenmyebbgwwhenBRBBQG t he
mo n o |l paeyremeab | <(yCandefefl dc edenttalal ,, ,22D72;8; K
Northrop, & Yamamot o.l mdtdhHlers e Sauma reac telr. ,z ¢
transwell setugl emal udse@tteoruan dnkerblr an e

grow ngfemurmarce f uncBe diaewadbeechtavyapwys of BME
accordance w th twhenreveroworsg $Halkdalkmd,l (
conducted on the (dCeznute &cl aal & . O, Iv e tlredg) ms inr fna
met hods ane ompgartnanmtel able BBB characte

: TEER,

Functional —F Permeability

Transwell : o
Monoculture in Expressmn & mE[munocy’&qc emistry,
vitro Human BBB Locahzatlon ectron Microscopy
Model

Expression R RT-qPCR,

Western

Blotting

F guld Rfieseays performbdr & otne(r Bid&&t eod k
B oRender)

Differentiation

of BMECs —>
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25BBB n prbeawmoeBdadldat nmmor I BBIT B r

BBBnt egay altyé¢ enddd swampteuwus neur,clucd hasl C
mo s t commolmr gorn,gduyoobrl ast oma mulTthe oB BB
renamed-basa lmhomo dbar ¢ Vam T&IBITB)gehhetdasr u
depends oand hefy pe laeggeend sehesmepdontre damnmg del
therapeu{ Mo etf.&bhacpnzd 2h)eSBBExrseo whnaseased
caveahfdenestrat ons NV UGB M pzedrs Gregld s c,b yne n t
react vedbnasmbreocyttmeexkraspepkageefof astnEdoMyt es
th cken ngyamde&ICMn gne | e c lsh g sa nadu cthe maa & ch en
BL( Rascher dtenalstra2@@2vessels form h ghl
mol eduwdl €dd§ use ( Mot @t b BAH .snon, 2BDRTkBe d vecxepd es s o0
of ddml atdelretved growth PHEFHRar ¢ ec lbagse 0av e b
consequence of ncreased vascslezmr abeddot |
metall oprote MMP&Esr olm kieh ¢ MMR2Znor 8 s, Ferr
20289dme gdmes are nor mal |ltyh@NSpuelmsdasy pen of
transporstoelrutocalclaerdd er f am,drye 2d anemibbyeg u |l la
act VvVWNTPltogt en n, patdowaly transaguelttatosnsnige a-
regeneanadt hooomegdsn@as&sPar k,t 2202.0; 2PH®GEN X

BecaBRiBTeB aHesaky vascmhghuné&, t amet heurepu
drug del very ame trhme Itoreq@d melntmotfe ddBM. H
BBB nt e ggtrétoggeeins, medrhuemda moge 8B PR & & diret
bypass ng of dms kbarsag tine ss fdoeo tsalenede t pnaarst sg noaf n t
bra n ftromomash e c dr NP Gantlfot hMetetal al, . ,2 02
Therefore, met holdskkitheust@thgd pu@vmetahol z
and transport sydtremnsmetdwat ele tasnmam oD@ ytthe d c
(efflux mechharrscmmeDdlhegBaB T&tn aTlel,| 2n0g2eh;
2015)
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Glioblastoma

Fenestrations

Schrinkage of
astrocyte's end-feet

Glioma Cells

F gulr@BR tummgr esenae eanncdke (Created by B

26Neur ol d ¢ eshamld e B Budso dred s

As ment oned earrlucdru,r etahnee dbad rture ceerdnoenarr | pyr e
alheurol ogsecmidmpareehytconthe@tigar me er, Dane
Ransohof f, 2013; Sweeney, T8agarexterde métl ¢
mpotwowamodel ascheveBBTRBrs Wobseda scegs undtelrest an
barbreakdypwhuncpatomol og maal omursotte pres of f
drug epefrmty andudel ogsaegthndesedge aitf eecrtt
d sgbdy¥ecetlgell st Waralchamn& Svéndsdins 2@2
PSICas ed BBB models w th d seWs,e @mmam
Peltonen, Ko s 0R2dhheoy, h& wvLeechepeobahkya 1 bree du saendd
as d seafser mprdedls n cadhda&rmhangl en caal. ,r e2s
Jacquet, Den s, C cchetMuhmadn ,Al deanelgdm,g KO :
Pasterkampr @xKaadmptl ee;t al . have usednwutch ¢
a compr ehecdogr rveel hglee f egt s of DbBRB mud&E@s dc a u
dysf wmnaoat var ous ne(Kalt ogetcakbDd ,sRRdI®gve
decl ared byRrelerar e eMos$r.e,opv@2@ 4 Oa)inylibeep ot en't
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mechan sPh&asCeso fbwvellCs har bor ng the -lmuthaav eo |
been deéedcrholwed é @aramy | o pde pbta hddewsdte |  Oulgar

et al ., 2020-AhRadt , B2 OH sE-CHMsAkld d soease |
matr gecedl twurt hngleof viedP®E€®mr oic EtCss habe@nper
constructed to revealpadeiroddddgapitdba gyl o gdt a
targetsloftket aprodppePleanehard et al ., 202

Ot her t HamsedPBE&B murdernt al -bas@dc &BB Imodes$
been wused. ABBY 0a8n ceexX a mpllt enree dc ow t h hawenan
devel oped at oBBsBhuedoyectfl exh st ¢ encreephaltopm
d menh thfeorBBBts preve@3$h om =zauwmd8t mgglart z7eehQ
et. ahHawetcucted a BBB model us ng hCMEC/ |
BBB dysregul at on, causedAD(yB aavnyrlzoa detb ed
201AMnot her sussteudd yt hhea s atnh a tmed tkd Ielaapersot e n a s
TI MP and-2a h %P h aesx pbotseendmv a,$ aabrably effect
acut e (sRerudkeer etFualt hea BBILB) mbyedcuol t ur n
hCMECADBuman gl i obl @8Yhoama bceeelnl clointseg r uct e
tharb er propert esgahebnavmeolrt ddmomsgseomsbu c
effetcamarea( Mendes etAdalnced0BBB model s |
devel o3pDedBBTAB modehg hmtesce hsetgundy dr ug respo
n the treatnmentteromf NaEhM Lee, MOWhe@® [ e&ekKti
BBTB maodebhogph maaynadaiEd€s b8ve been devel op
spat al obgannzawumonsofdrdudg,het arpdeamit@m cdé
2023 herefore, t canséeaeasaeaomctdelddedcahate

devel opment of neafbépnpg pnal gt seasebownt:«

27Us enaonfomat eNMah s mene d e«lad

Nanomea@are mplay ng a major rol e n therap
d seases n t hRueb toanedhealdd ff e¢wdl,bpt hn 1
per cl nadt athale € | b metmadervoldcegléed®le agy ud ng

ADand es@GBM BYIlys ng nanopart cles (NPs)
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I n th waseowusomgpdsnahodélbsc rviesssy msgy sttheansn ¢
d seased BBB w || be ment oned.

27. Nanomataenrde b | syesrtypmer com ngndh &8BBBB

Due B8B saedctheeuaocokhefr apdaet suyssrtgennkseor
NMsr osBBBhgand, BnBeTuBr ol og et alk e dirhdeClaSpays erss a
mpor t alnhreesstsruect ed del very of thes®e com
s gn f cant factor contr buSolmug thbos ¢ losad U
wo| necess tat egocveelrinarbeort a i ¢ enddsndbeousynegh b d €
al ., 2008; Reddy et al ., 2021)

I n add toowmento Dhal O0naeabodrheespsapneq temmasys t h
a lclpmecally and dlhenercanl ¢ y s hidhecp@d € e Ot

str amdnf amorabl e prog@os Ls u®Rs tdaet . gf fRe6
nd d str but on of these compoéenldsmcanlhb

ompos t on,s charghbhydrso@ipeedhe cf agt ors al s

O O 92 o —

| ear arneaectanans to tNancemetfreald ywatn2 wzhlp)wn
n Tabnano2.elcchnol ogy has rmgrgamds nrmgg t @p pt dhret
drugs such as doamideunbo zco lanc, m opdasc v htaar xX\RdB UBS

nanodel very systems, wh ch are pol ymers
I posaomdmd, d | p d NPs), dendr mer B8EMs amph
(e. g, galhdreon NP, dear borc amradbmo@Ciddmas, quant u
dof{ €al abrese et al ., 2021; Chakrlbbonhy, e

Cryan®r &s ©o0INan 02doell5 )veapn cslyssdg@esyg. pept d
ant bord talmdffacrss an enhanomed t@a®egesrndy rgheucse p-
usefmh ntoa n susta ned r elrfasectmed tairoda tar
s t®adane & Mahaj an, 2 0Qt6éh e rRetddae crt @ tael p.t
del very, systems conhea gdrtwegls oaa re nlficeaapasaud u

tumorsvt asseunehanced per fie€EPRNE. ety and reten
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TablldlaBomat er

al sy/s t Neamso dutlsle dvaeryg tubninoer s

Cl n cal [/ Type of Nanomater Referer
Nanodelry S
L posome
Temozol om df NCU02340
GB M SGHb3
L posome %8| NCU1906
Refract-g
brains]L posome + NC02861
Mal i gn ( DOX)
Gl i o ma
RefractglL posome + NCODO0O019
Tumor
Cl n cal
GB M,
Rel apse
refrac]L posome + NC0 1848
pr mary
| ymphori
L posome + NCT 3328
Brain Meg ( CPITYL
Gadol-basemn
(AGul X) NCT0 3818
Di ffuse Conveebhhan¢ NCU2022
Pomei GI del very off NC0U3086
Il r notec
AGul X + T| NCU04881
GBM Gold NPGBL129 NCU3020
Al bumased N NCU3463
Rapamyc
Bra ns{Plat num Ac
Gl 0 ma + T tati€ad NCO0 3250
L posome +|(Yanyu Z
CB 005 al ., 2
L posome + |(Zhu et
(PTX)3 + H
Precl n GBM L posome H(Zhu et
paramagnet
NPs (SPI ONs
PINS + TNG(
L posome + (X. Wang
MT43 *+ VAP 2019)
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TablleNazhh.omat er

al sy/sNamosd ed gheeds ra \ploy a tolimeo r s

(cont nued)
Cl n cah taP| Type of Nanomater Ref er er
Nanodel verl
L posome +| (Yanyu Z
CB 005 al ., 2
s PLK M cel| (Sh et
Ang &péagg
M cell e + (M ura
cycl ¢ RGD 2013)
Dendr mer (|(Han et
DOX +2Ang
PAMAM + Ar (Y. Lu
tr ox de A 2018)
PAMAM + TRY4 (Gao, L
Tranaf émf Hong, &
2015)
PAMAM + Tam| (Y. L
DOX + PEG 2012)
Cyclodext| (L n et
butyl ddee
Magnet ¢ 0 (Fang ¢
Emul s on Na 2014)
Lactofer
Precl n ¢ GBM Spher cal N (Jensen
NPs (Gol d 2013)
SPI ON + H4 (Sallem
2019)
S Iver (Ag (Zhao ¢
Ver apani 4114 2021)
Il ron ox d¢g ( Yul n z
C splat n + al, 207
Polybutyl cy (Ebrah
(PBCA) NPs Shahmab;
al , 2
PLGA NPs (Madan
Met hot r exat 2024)
Pol oxla8Be r
BSA NPs + D| (Z. Su
+ Lactofe 2014)
PRMye NPs +H (J. Wang
2022)
Polylevodop| (Dube,
DOX + Indocy B shno
Panda,
Agl#% ternary (Mansur
dots + Cyst 2022)
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TablleNaZhhomat er al sy/sNaemosd ed gheedr rayly a toliheo r s
(cont nued)

Cl n cal Stud Type of Nanomater Ref er en
Nanodel ver
Carbon N t| (L yanag
2020)
Graphene Qu| (Pat el
2023; P
al . 2
(Deng e
2023; .
al ., 20
GBM Carbon Dot Q ao, E
Zheng Z
X e, 201
et all9.)
Precl n c
CDs + DOX (s. L
2016)
l rdoped Or (S. L u
Em ss ve 2022)
Boron CDs +#(J. L e
Smal | Or
Gl 0 ma Sugar CDJ (Y. Wang
2021
GBM and
I ntr ns CDs H+P&p r (C |1 ng
Gl oma ( + TMZ 2022)
As n compounds of nanodel very syst el

relvot dm zZehdaadt endg umprBoa nnstance, Bol tm
cepenetpaptbadgeed NPs, namely <c¢chlorotox n
neurobl astoma by cons der ng the ab | ty
hpert herm a (vBod ttntaens,e MeRse.CT X& nEkagd s,0 ZMmad
w th other mol ecDDXs bhyrHesrpso bln ckee aoir autgesg a B
eff ¢ ency of cytoltmixudC Téedya s nb eberjnau gna t teudmec
fluorescent my b B c oCeyabat .op rbgeb eysed asnd ttam
PEGy l-ah etdos an branchedAscowlotiryeméh SNP$orm
demonstrat etdo cpaapsatba B@Bdtyed nt bmauvupgdl onged
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retent on cyn ottupndoerosn gaynedt al ., 2PBPAOt h¥e mse
CTX conwuglatleode®Xded hapesbmesnn stud ed aga
s gn f ndarbtuly@odwtgm  Xvang etAlaslo.,, g20 1dl)n a
entrapped wnCRKGAnHNP®EwWe .é&6xh b t ¢ d8@nmdd ng
haved to damagerme¥lL®wrcatel | .Led oanwdar,lce Ol ¢
have pelrdarseesdc efint pol ystyrene ( P&R)b e NS |,
pol yurethanda hePU)BDBIPBnr oo ov a snouwlddhteuyr eh av e
observeedpesrameab | ty ofhey WNPweradhldddR &85 BIPs
NPs w 4t hahefer n (ThTef amads fNoRGgnele ahsheatk | t
BBBndeassdelr very atbLeeseset QulaBbBR2E®ZAE) opade
al act of erorn jru g(alt fegdo aatnedd PnEg@T oowb estlchnv eorkyeOd) e (

NPs ffacr | t adfe dNPpeaamBRdgge uRMTga Lf recept ol
on the( RBBBQ ao etMomaéoyer201@&@bad teos trheeg a
superparamagnet c ron ox de NPs (SPI ON:c
BME(QsSee Tabdsae udyl)by TBB8Bmesmdet alml Ib,ott h 3
and wDOBWMMECs and d@mlver obedesn, demonst rtahteed

nter a&Pl ONst eorfact hesas (mWiohted set .al ., 2015
As a concl uvealcaet ed hpr 88IB n cal stud es w
nanodel very systems are st |1l ongo ng, ¢

GBM therapy to the cl n ¢ bl gholf oghatnso mte [

mproves the therapeut ¢ outcomes of pat
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Fluorescent NMs

NMs crossing the BBB

BRAIN

F guX@®ad»mat bgpasiss ng the BBB w th NVU to
B oRender)

Thelsdssa m wassedr from t hesospeafmabant B &Bhterroe
modebr persona.lh SFed tmoaredduwged from the
human can of fer a way for th s type 0
neur ot herapeut c¢cs apanbbwaytwel BBBsvs heéer ar
br a nsnteierdoerd f or thel bhrehttehBBBe svhs GBEld el e
us ng bra n m crovascul arP SEBM hteBMELEQ r td «
fluor &Mespametl yt an um casCily) MXEog achedoifn

( MQDa prsbsoBBB nd BBTB model s barnad nshteurmn oBWBpTtB:
modeluseddér PS5€d BMBVWS$ eravneds tU8grat e d .
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SMATERI AL

3.1 Materi

Tabl &Ma 8 e isi

AND SMETHOD

al s

eadn sth dhei s

Materials & Reagents

Cell Lines (hCMEC/D3, U87) Culture

-EndoGRGM MV Complete
Media Kit (Cat. No. SCME004,
Merck, Millipore)

-Recombinant Human FGF
basic (FGF2) (Lot. No.
1563542C, Invitrogen Gibco)

-Collagen type I, Rat tail (Lot.
No. SLBW1777, Sigma)

-DPBS (1X, Cat. No. 141994,
Gibco)

-TrypsinEDTA Solution with
Phenol Red (1X, 0.25 %, Cat.
No. 25200056, Gibco)

~TrypsinEDTA (1X, 0.05 %,
Cat. No. A1413201, BI)

-DMSO (5X, D2650, Sigma)

-FBS, heat inactivated (Cat. N
10500064, Gibco)

-Penstrep Solution (Penicillin
Streptomy) (Cat. No.
15140122, Gibco)

-MEM (1X, Lot. No. 2411746,
31095029, Gibco)
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Tabl ®&a8e iisiead sthre tidsent i nued)

Materials & Reagents

hiPSCs Culture

“rThVTN-N (A31804, Gibco)

-E8 (A1516901, Gibco)

-E8 Supplement (Lot. No.
2313787A1517101, Gibco)

-RevitaCell E Su
(A2644501, Gibco)

-EDTA Buffer (0.5 mM, Cat.
No. 15575020, Thermo)

-PSC Cryomedium (A2644@1)

Materials & Reagents

BMECs Culture (Induction,
Expansion & Purification)

-DMEMF12 (31336038, Gibco)

-KnockOut Serum Replacemen
for ESCs/iPSCs (KOSR, Lot.
No. 2517495, 1082810,

Gibco)

-MEM NEAA (100X, 1954599,
Gibco)

-Glutamax1 (100X, 35056061,
Gibco)

-2-Mercaptoethanol (50mM, Lot
N0.2099616, 3135010, Gibco)

-RA (Lot No. SLBB5473V,
R2625 100 mg, Poser, Sigma)

-DMSO Molecular Biology
Grade (Serva, 220551)

-RevitacCell E Su
(A2644501, Gibco)
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Tabl ®&a8e iisiead sthre tidsent i nued)

Materials & Reagents

BMECs Culture (Induction,
Expansion & Purification

-hESFM (11111044, Gilzo)

-Human PDS (P2918, Sigma)

-Collagen type I, Rat Tail (4.1
mg/mL, Lot. No. 3951247, 08
115, Merck, Millipore)

-Collagen type IV from human
cell culture (0.3 mg/mL, C6745

-Fibronectin (Bovine Plasma,
1mg/mL, 341631, Millipore)

-StemPro Accutase Cell
Dissociation reagent (A11165
01, Gibco)

Materials & Reagents

Assays (ICC, Permeability, cDNA,
RNA Isolation, RT-qPCR, TEER,
Flow Cytometry, LDH, Mycoplasma)

-MeOH-BioReagent (Lot. No.
SHBF0179V, 494437, Sigma)

-BSA (Cat. No. ALB001.100,
BioShop)

-TritonX_100 (TRX506100,
Bioshop)

-Mounting Medium with DAPI
solution (ab104139, Abcam)

-FITC-Dextran (FD4250 MG,
Lot. No. BCBZ1714, Sigma)

-Technic Ethanol (%96, EYA
01, Emir)

i ScriptE cDNA
(Cat. No. 1768891, BIORAD)
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Tabl &a 8 esisi eadl

thre tidsent i nued)

Materials & Reagents

Assays (ICC, Permeability, cDNA,
RNA Isolation, RT-qPCR, TEER,
Flow Cytometry, LDH, Mycoplasma)

-Ultra pure water / NFW (Lot.
No. 1719421, 0:-B661A, BI)

-Machereynagel
NucleoSpinRNA MiniKit (Cat.
No.740955.50)

-b-Mercaptoethanol (62689
25ML-F, Sigma)

-Sso AdvancedE
SYBRE Green Supermix (Cat.
No. 1725271. BIORAD)

-Mi croseal 6B6
MSB1001, BIGRAD)

-TC-Inserts (24 Well, PET 0,4
Om, TP, Lot . N
83.3932.04, Sarstedt)

-Black Polystrene 96 weflate
(Lot No. 2631022, Corning)

-Titanium Carbide/Oxide
(TisCsTx) MXene Quantum Dots
(University of Manitoba,
Winnipeg, Canada)

-Cy QUANTE LDH
Cytotoxicity Assay (Cat. No.
C20301, Thermo)

-EZ-PCR Mycoplasma Detectio
Kit (Cat. No.BI26700-20, BI)

-EZ Load 1 kb Molecular Ruler
(80 Og/ mL, -RADD

SafeViewE CI as
G108, abm)
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Tabl ®&a8e iisiead sthre tidsent i nued)

-Fluorescence Microscofgeiss)
-FluorescenPlate Reader (MithrdsB 943, Berthold Technologies)
-NanoDrop (BioSpec)
-BIORAD Thermal Cycler (CFX96)

Devices &
Equipments -Volt-Ohmmeter (MERS00002, Millic&llIERS2, Millipore)
-STX2 Electrodes (World Precision Instruments)

-Ultrasonic Bath Sonicator (Elmasonic S80H, Biklans GmbH)

-Flow Cytometer (BD Accuri C6 Plus, BD Biosciences)

3.2 Methods

I n t hiNsM5t hneasm@lyMQDwas ki ndly providead by
faculty mé&mbs rol Bagtyh loapnhdyDse aorl tongeynt FRa c ulhtey |
of HbaBcatenMa&lnt v bW sn t Coengald@TxMQDBave been
synt hesi zed via (hydrdotsh,e daitadd zvesrttdeod)i rhearn i
sizes of 4.58 (nRafiine edriaadme tYearn ,e aAarii Ir e s u r&f @Dd
armealundami gwi yhacti ve. H@macg xi hoinbaitl r agAatsesiug s
i nfl ammé efootrg ree ge n eetaot itarredama cci @li nogamd t v
stem cehbk Wwhétapyg infectiofRadi eseaadads et a
Yan et al ., 2023MoeYdJ ara,z etrh eet aarle ,c ®2MW2i3d e
due t oe xtchredalteoft | uor escence abcec ltat esn/ a&tn
wavels,nggadshpecnal b¥%,7 whm5c8hee a ® ul ¢ bbye aecnk atbtl er
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red (Rghteerad.Regaaldi,mrgdhihfelsieng falnwor e s
I mmunomodul at,ontyheyr dmerret ibeesen tracked i ns
they may change the htagsmadreemi csrtaedn veidr ounsm:
t echn(ieuyelsan et al ., 2024)

The ced |l wdrieneobt ai nerdd P8 a@me weir &1 loyotnai ned
peripher al bl ood mopmromgu cal mseardvave @lesvVe)Cc P B MC ¢
encoding Yamanaka Fawytcor s h(tiSloxt2ar aGcttedr/idz
TUBI TAK ARD&Bnt er of Excel | eAnlcsdo , lSBlapoO©r t

dextwamke gpt ovi de dKbbryath&@jna f aays [Kaanca | t y me mb
Mol e Bulodaondoye puty IDBcieelhhostaitt uHaecet t epe Uni

As for experi mestsodfddrere eavdeecuts,i n Cel |
Res eaARahnNlanome dARaiAnek alr a UBiIi omedi ¢ §| Engi
Depar.thileunotr escenceTidle MOQOSE I dn k OHe x F ratn@l,

anti bodgygwesrteaicnarkg kear ao ul@tienmr Getklyn |l addi t uc
TEEBXxperi ment and i tOhmmawgeamre mé oirmeélyl Vol
Cul t ABaeHalc et t epe Uni ver shedpyar.Moémrtcul ar Bi

3.2.1 &1uhce lifrnee s

Cel | gnowti EABnown as$ nc éhl Ztcytupheess li asfves eel |
usewhi ah@8 dobt af me dhT,CCahnCdME C/ob3 af nenh -Si g ma
Al drAcdi ti onalilBSCla PIBWCmabob ttarianfed8dCcsi, n ga n d
BMECs differenti awede éhddME Ct/ IDE8 haadd & Quasne d
mo n o c BIBtBuordeenn waintdirsoo dwals s e @ o & § 0 lofudgprhheu ma n
BBBnodel |l ed BWMEGsidi fferenhiiR&3@di ¥ edmBMEE
These cell s wecraeultthierne ds etpaagettlredry t o mode
The detail ed i hhesematee bshhso wdf 2anl IT adfl e
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For alll culturing proeédasdéeamiaalwamkil wmasreldo
with sterilization provided by wultraviol:¢

3.12Thaw ortghcell Ines

To thaw kel iy owatsmtdsg,,oh | i qui d niti oogedbad red
i n a wat &r umatin at piIBAsesesobni watsica®uwnd@ ,h swniec
out er wsadi sSa adietcht e7d0 @ nelt has otk aklentCed limebi n
watr anstfetregceodt E@adtcomé5 , mddimp t he volbuyme t «
sl owlyiaddimegdutmdnd5 umgieBWOWE.SSuper nvad sant

aspi,raanwe d | wd siunsep ewidtehd iltys pfrreepdir(ephpr opr i at
amount 78sumddlwesmgent | v Wy sslpopleydt i ng up ar
few fiomedhomacgdnld suhpemeil 6 nwsatsshpeenn giraon s f e
a cultggenet alt eaynwlake fftl d ok )3iT cabih t&iCon at

32. 1Pax sagnsgdohg@MEC/ D3

For pr eopfarpaatsisoa@dlmwgadc b wt @8BSl : 101 ut maen r a
descriimbaehbd3eApP.r o peruilattuervea spolaaiteel h t hi s ColL1
sol uatnidoni dztu blak ®at °Q.7

EndoGR@smddi wans o mp Iweittehd Erd¥MVEREPp| ement s a
ng LMGFi2d arTkusle ng/ mLLOFGrg2hofi t g dpBiGFR0!l ved
1 mL DRBSQdbeogissmrewwm umiSs ¢ yt wdvieishor oughl
mi xed by pwoerstteexr iadnidTed plbad @faiBidtd roabtii@odni ,u m
100 o &EndoGRDSsuppl em®ntQOL r hEGHy,dr 60 0rQLi s
hemi succi resad ®ichiis® HSID a @ilnfgantcel uded i Nn™Mt he E
MVmedkiaan® LOF GFf2r om al r e ddyg /pmlLe psatroecdk c onc
we addtead 47. 5 mL oMbatstaegd iEmm o GRO
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DPBBaaspi faomdt he coated Ilcwodmplret od"¥Erd a
mediwasddtead t heCMEGWBBhawaedt his compMeted
mediaencor di ng des ar iplreadblofotedr th iICaiiCivip,3

pl aitretdo al ready chagtadteul t dhawsicmhlgatgietdre m
fredhoMen kavesacdhver 30% ¢ befelpeaesnscayg & h

Tr ypesDTAO0 . 2 5 %)

For pass,agiebh gpweadlele s hl y ¢ o aAfetde rwi d ahet@ioradl,.
waaspi.rtCetlderwea s hweid h DBPBRS5JdR5 f Thaes kDWBS
aspi,r aadned-ETD WwWpasidm(eld tndl2 5 falnadscku)d2z4nme nut es a
3. CelwWesdet a cdbhpeappi ng culhampdlamlida tod swirtvie d
undaar i nMdrgthed m{ t LWy ¢ pepDeThadact i wiaBlke ti mes
amountnmeediuan cont i nue drhheg erd eedk paanmosd bin ,0 f ¢
Tr ypesbhTP A s uswaemakennd v wlasmelplwittend fresh me
(tot al vol u8nemls hfoawr diThde®e wof4l taksskn) .an i ncubat
appropriate cell cul t3uldrAeC reottvhiargoieeconit ¢ df 5 %
its freepirregp ameidh gardcoo fToarb [leat3er2 exper i men

For seedfiadgmcdelviag i obhD oA wiirtyhp smmendi umascel |
t ranstfoerar esdt efrailltceod@@mit o d3f ung e3 00 per nat an
waagspi,cel ¢dwagkhett yt bybédi cki mgedfs glaniatnh

me di Can. | SuUsVpemxieadn by pipetting uPeldnd

suspe(nbk0 ovals)a kteon cloeembtn a he moO@ryltywmetderci r c
areas showrmnisn srtésigag r @fs HlowlFdcgher e cbhiet ed
average of awhtsdkenr amthak hiaplkliasd |l twé b e

number in cEel!l.kis)ospL,de i ol utstpee ntsataanb ew e | |
the suspensi onpeans/iodensaerfleedd csededashugsu |l at ed
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' AT TN

F gurCoun.tdilngemoncyt ometseal areéd under | L

3.2Stb8ul turing of hCMEC/ D3

For in vitmonmodEkt Tarbd 2B&888, used for appr o}

vol unkesseendi ng densities.

Transwelalr | caertfaul Wgr @l aced i nmbcwepbsoa
pol ystrene ((POET4p fOmt)mie s & nceoras eerdt s istBdec €Ciod rl
3.2.C.l2) suspensi onh e@se aeiersddrds gonotyo dr op
200auge micropipette to di sOnmli yreetseh cneeldisu
( 500w&4 ) a dbdaesdo | thod e imdf (t he i nsert.

3. 2Ffleezing of hCMEC/ D3

Before beginning sweiltchleelflrecd zwingh icmfy@wvm

such as name, passage numbémgeeazred.t he dalf

For fr eeok dngweaashplisCaltvesit hnwastwed h DPB4S (ad
mL for TRPFBWMaasspk ) .aadmedn-BEDWpassidded directly
cel(lle mM25 fTlhhes kgel | s -EVDITAle nnBa i3 e.omi nut es
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3T .After i Mo ylpEsbTiMeandgact i watéad 3 ti mes amo
medi Cmlsuspewasbamansferredcobbiabéaisbherahnd
cent rd5 umiemBWtkgsSuper nad saanpdi aadewds pamwidti b s

freezingdgdemedi bed (iln mEancdeszi3dnigum f or each
The crwempdeé ated i n f rwaetzhi nige becpofnbbpsa mpeerrn i g ht
aBC.The nextwameg ant htegnmleldwigoh d nl 2°€@foagren a

storage

F gurleLMag@es of bedIMEE/ B3 passage +4 (A.
scale bar: 100 OM, scBab @Wagrmr 0f OM3t on:

3.2C0!l dBuori8n7g ( Thpawis @ gei endgi,n @r,e eaznidn g )

Before beginniMgMmedi wad d nuprlee tWeBd?, wWHBSh and
peni cst bt Bph dUBWecaish.awedt hi s ¢ omepdieunmn da diEdwr di
a prevesosl ped t haAwitnegr ptrhoawagndga.t aldBo7
approprliadheen t he ecdedB D% ceathwegmpeay,saigeh

Tr ypesSDTFAO . 0B G4) pa,sssaggadignge zi ng saeeespdot o
in hCMECY &BdrabBmr@ 3. 3, and 3. 4
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F gurlde MBage of U87 at passagal €7 b@viagm 0f0
Tabl2€e Bd sd tweauth t urrfiargmati ons
Passage Cell Cell Type Media Passaging| Coating
Number Name Agent
Culture: E8 Basal Medium -
E8 supplement (Completec
26 hiPSCs | Human Induced E8) 0.5mM VTN
obtained | Pluripotent Stem| Freezing: PSC Cryomediury EDTA diluted in
from Cell or  90% Completed E8 + DPBS
P BMC g 10% DMSO
transduct
ion
Culture: hESFM + 1% PDS
0 hiPSCs Human Brain (CultureMedium) Accutase | ColL1 +
derived Microvascular FN +
BMECs | Endothelial Cell | Freezing: 60% EC Medium dH:0
+ 30% FBS + 10% DMSO
Culture: EloGROM-MV
Media Kit + 1 ng/ml FGF2
+6 hCMEC/ | Human Cerebral| (Completed EndGRO™ 0.25% Col1
D3 Microvascular Medium) Trypsin | diluted in
Endothelial Cell | Freezing: 90% Completed] EDTA DPBS
Line EnddcGRO™ Medium +
10% DMSO
Culture: MEM+ 10% FBS+
+8 us7 Human 1%PenicillinStreptomycin 0.05%
Glioblastoma Cell| Freezing: 90% FBS + 10% Trypsin -
Line DMSO EDTA
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3. Zu2turing hiPSCs

I n all steps or e X pwee riues eaitt tse mianp awidi ctho hti
sterilization of all materials used,heas t

absence of th®tueept omy Piemiicn |l tihe medi um.

For preparationVoNagulepamied@dB Ed £SCrsi bed |
33Appropriat s(eugdgt uso&5 plela preekcebiasvietdh t hi s
for anRTMdumoeaetf useedr L oatwedseécarl @ad raet pHdtfec
for a maxi mbisrs eor8{ El&hd¢wle eulas o mp |beyt eadd di ng 1 n
Suppl emenE8tBadg@8l mMedi um.

For cultuhi RPEkh X\BEGT nsenemp ly e Breedd iBLYyN addi ng
RevitEeS(DepIplleménf)L suppl eme b te dtucc e5 | nalr gnee dain
cell deatt ho mtatidmaw @eolshiP BWasswda rryat ed from c
and h¢®IS€ay| abye dpi ppt & hd gedwown whndeasma ¢ ihe g
col afhes spentwa medianmged with fmeedsihdhyo c on
Revi tfg@elmlL f orevie2r5yt f@l4psHe ent uncontroll a
hi PSCs to any type of <cell

3.2Pa@8sgagndngrrekzP@B8§s

When hi PiSdse cewlveerd%eadf 8t he su$SAdace hereal tur
thegmeanzymapassabhPyegd mM EDTA pr @padedLi n
PUE®TA0 5OPBBA) s o;enmiympaatsiscavpisognt i nued unt
mateurhi PSCs ( pas swaagseb sreuwmbeedr, >aczZ®) di ng t o
daofh hishSWappaBdi x

For -ennozny mati ¢ pas,adgi mgpdascfpi tiaP®ds amedr t he
washed withmDP#B235 (faldedks kKkDWwaBsSpi r at eidn, [CEPDBIA
wasaddamlt 25 fl ask) 4amd niut’@.Ehb aatdedd .a c h me n t
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colonietstir weaogmlsaer ved LUNEDEA iamwdasBS r at ed
50D00otcompl emeeddi wEm@ ui ckl y r edceod sobngi esat o0 g
mi cr opgiopectotmp | et blegotaehasmal hea&mo ult f@OIO0 T
fl asakslaken frometdhae@a cawoalspreynsi on with a mic
new coatedaod!|l tbheevpl ame ihs medmplmeft(cedd Twd -
fl aBkg .weipt$ i n an incubator with approp
CQ 37AC).

For freezi,ng noft hséSiGsr bgemd piyayi ng t he |
over the colonies & ifoew atniidendshaeimo rp bet ¢ e o |
i Becti odar3dnX .olr.maltaibd rve BierR us e d

F gurlee MBagle ofcohoR$Cd at passagessabe( Mag!
100 OM)
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Tabl3¥o0oBumes

dat oBE@Mi ons

Coating Type Usage of the Plate/Transwell/Flask | Working Volume Coating
Coating Type Time
T25 Flask 25 OL i mBS/
Independent from thg
volume, ~ depender T75 Flask 75 OL in
VTN only surface area o Wait 1H
the culture plate, an - i at RT
must be used withir 6-well Plate 9.6 OL i before
enough DPBS (1X) DPBS usage
covering the surface | 24-well Transweliclear 1.9 OL i
Insert DPBS
6-well Plate 1.5 mL of already
prepared mixture
Mixture ECMs as:
ColL1 40L B
CoL1+FN+ | FN (1 mg/mL): 10L 24-well Plate 500 OL o f| Wait24H
dH0 dH0:50L prepared mixture | at 37°C
intotalof 0 OL before
the mixture usage
24-well Transweliclear| 100 OL of
Insert prepared mixture
T25 Flask 200 OL i
DPBS
Dilution ratio is 1:20 T75 Flask 350 OL i
ColL1l For exp. Take 1 mL DPBS :
of CoL1and mix I\e/z\gtt ftH
with 19 mL of DPBS 24-well Plate 500 OL of 0
(1X) dilited CoL1 | 237°C
before
~ usage
24-well Transvell-clear 50 OL of g
Insert diluted ColL1
3.3Di fferentiation of hiPSCs into

The

2016)

4 3

di f fwa®tndrnn tag d owi stihn gsuellead® i R2GeaBp,) f
contiwinudmdt t ( Dayp,)eOx p a n(sDiaagyn)aén d
( Dayl )8 as

procedur es

puroff i BMEC®n
demonst r5.aAtl esdbi, fi fne rFa ngtuiraet i 30.n
iwii tthh es olmet edriaftfuerree 0 &eesebbi ke

BMECs

avrads



3.2S8edi Sigpgaufi ari zaenddhai PSEspansion for Di

Before startimigPStheuled plee i me a ¢l ha s8i0edd)acyan f |

Day35 xwed | wdrme atsed wistdec (V3T.0Nh.02 asriTabd e

33f or approprO dt ened o ummga chod oomii resst evce r e  wa
DPBBBPS was abpe6aodledntiaheesn zwemaet i c alwiyt hdi s
coladc utfaosre 3 tmo naobeeserve €S€omglukanediz ftBieen .
Sectiomwaedhsplyayedsoveandewe ti mes to coll
cells off t ICel Waurlet urlrenp |l adlel. ectedanado a
centrb5fomgmadt €D 0A0f treppm.centri fugati on, t he
The cel |l pell et was m@tﬂ;iumrpRaam\iditetﬁja@mlecICbmpl<
3. 2hy2)pi petti noghda uhoene dat i hmeenso,c yYSe ommeoerr 3 ( 8 e
100. 0001 . 5elmewlé racce d@d each -weellll.Qal kaet kel was
mar ked as atoowscouhbhgtwel lcel |l density anc
i nduct i olnh,e Dpayaplesc aweriencubator with appr
environment 37 A®B)aG@E&o datnid ,b apweku ssehra kgekdte f t

pauwslhfe sshakvarsg r etpheracteé dr mewsen cel |l d str bt

Dayy ahadyl Medi um was cédamgEd M/édihurf’?r(v\zlomLRev
of medi um faofrt ecMe2tdi wHn| W& @ n Iy eepveecartyd @2rd t hr e
daveanl|l appropri@2204£@00008@nnceltlgo/umeredwel |

3.21 8BdAction of BMECs

Day Unhcondimediiounned( UM) was prepared by add
NEARS5@Qg ut gamedk BG5-Ber capt 6 et BAn &b -FAllT DeME M
cell s manked ecouwretrdengs oweildt eadc uwt{stesBe ca a lodh
3.32)lcounted as 320l.,00®hicceH | sstéareie nnsiiedieya |
i nducAtfiteemr. cooludntmendgi,um of the othefowel6l s

days un(t2 Imldafyor5 each wel |l ).
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3.2E8p&8nsion of BMECs

Day Téredd@M RSB mgloLipMO0 mgt mckemtomaRtAi on
wamgadedibyisomdg v100 mg oR. RBRAMS@AMdde rd ihlemmt ed a
1: 10EON0d ot beel(lE@E di wans pr epar &@d 5 bPyDIlSg d@1iOn0g

FGF2{Q 5 50 mLFowrESFM ansion of BMECs, UM
mediiml 2 mL forMedichmwedd )not changed at da

Daglf not wused, BMECs were freezed

3.2FBedzing of BMECs

Due to the absence of some reagents |ike
nomur i f ibeads eqe lons o u s | pyr optYodiollslo@d eRr odlo.c,0 | &(
are sampufbfi edn(anhde pcuerljlfsilepdc hd awe rle seede
pl 9gBRIECS .

For freezienwg vheidRBASEKM® dts a kaennd sc ewlelr e was hed
DPBBPBS twaksemmed | s were i ncaoubi@a&CwaitiBted c ol
mi nut BSIE@adag 15 wmimer BMEGY ubhlkinlgl swea el |
obserAfe@&r incubation, EC MEdbspinrtaownglsf aasdea e
suspewmasgieonnt | gdhsprealy oi measgacnhdhwalnlt rb f migrwdt es
300gSupernatant was aspirated antds ckt &e i
me di(usme e 7P)a bd red (3s $eecrt8 cdod). 1.

3. 2TBwi5Sng of aBifiE@®sSbcul t upuirnd ifcoart i on

Al | experiments of the t hneogmus iwWe realt cBafENCiSe
(Wil son eThalprot2®ddd®l)spanrief isambakd r BB Es
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Thawmediwans prepar &ddOLFWGFAdSi nmd a rPSDOSAL

Revi ttaGe b0 mLT hheE SchuMd.d un® wadypraedpdamngd 1% F
hESFM.mi mbasement oamempbammeantttsurer f1 aahkswel |
i nswartes coated with (E€IML c-odaHONanctc os adliaubtdi eat o
33224 H ébterwebyg tuthlmavmendg (usnBeect i on).AF .t2.rl.
t hawderlgl, 3 mumeerde eae dddidkfBesc t3 .ohwilt B appropri at
anegesding dens4dFoiens viint rToa brhoed €3l.i ngderfi meao
BBBcel |l suspensi omproeas e d eleidlksader aagi toon 3. 2.
Begi nnimaogs tfaveemner, yu r2t4i IHt dhhaymehdgi um was char
cul medefuomr r ennoemwdihreg ent cell s and thus ma

[l Centrifugation =
l

SEV\IL
Yamanal
Human Blood PBMCs with the blood Isolated PBMCs factors
Sample BMECs
B Day -3 Day 0 Day 8
singularized hiPSCs
seeding
Enzyme .
Digestion Growth Differentiation
_—) —_—) ‘ >
>
Cold Accutase 1 day in E8 medium 6 days in Unconditioned medium
3 min. + RevitaCell : i :
2 days E8 medium 2 days in Endothelial medium +
Vitronectin 100.000 cells/well 300.000 cells/well bFGF and RA
Day 11
Day 8
-t
singularized BMECs -
BMECs 9 1
Enzyme Subculture ro— After 72H |
Digestion S ) =
@ ) f o g Max. TEER
—_— 3 —_— P q
G 1 dayin Endothelial medium “"/
Cold iocuressi30 X + bFGF + RA and RevitaCell E ) - ¥
' 1 day in Endothelial medium 2l o =}
1.100.000 cells/well without bFGF, RA and RevitaCell N » “
&=
Collagen type I/1V + Fibronectin ﬂ 4
v
\ Day 8 Immunocytochemistry
===

A
cryopreservation of
non-purified BMECs

cryopréé.e?vaiion of
purified BMECs

F gdr A. Steps o0df f fBerE&Crst at on & tsaalta tn go nf, 1
BMEGser vVathmoMm®@sve !l | (pGraetaetsed by B oR
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3. Fo4 mat on of modeVWVstro BBTB

After TEER has r eacrhaeidn(iBE@QdE®Rd DiBrR@h@dviav aick
BMECwg iseparcatuelltyur edoywiutsh nWg8 & r . dmadWMebh B . sy s

used for seocefdiaegldlidsecmirskitngsvol umes of both

3.2Mddeéltsh wnCMEC/ D3 and U87

Before seedrianmgsaledadr wabisglratedplianteo aan dwell
wasgsoat ed wist8bec Ciohds 3. 2.Ul8.72 caensdud8cwld el r36 d
an empty wepl atod wihiec weE€lk dwlesriteheu H-atsédd rt .

adherheGQMEC/ D3 cell s were seeded onTwdie aj
days alaeer4@ H)n,cltahdd nigmrseedr theCAMEECP IDE8Bme nt e d
complEntddG"medi ward r ansf or med etre tUBe well Il <
cul taaimekedsupp! eme mp eEME Mvd MehdBaifmor e t he exp
i ncl udad wnilgt vco nwast ed for 2 H htcoel & 8 s uweer

communicating.

3.2Md2l s w th BMECs and US87

Tr ansovleddr i nsewitt hwaGo LclosaBeeedd i FohN AX .t 22.r3 .254)H
nomur iBFMEeCds wéceladnuruppee oNextnmse@ay a -of nc
purified BMECs iwhs axth ineg e@d@ BSiFMh + 1a% dPDS)
UB87 cell s were seedipd adre awvhiermp thya dwe Inls ea fi
Two dayafltared8 H)puriinfsiegstu B MEE& suedmEnegd M wi t

+ 1% wwaBsS transformed to well where U87 <cel
compl et ed MBMf e di a rmpcd ruidateangttsa oii n g, it wa
2 H to ensure that both cells were commul
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Tabld8&e ddde ngiatnwersk vol gu maeusb ciunl t urce lndgge df t he

Plate/Transwell Type Seeding Density Working
Volume/well
6-well Plate 100.000 cells/well 1.5t02mL
hiPSCs Upper Chamber:
24-well Transwell 3.500 cells/well 100 to 3
Lower Chamber:
500 OL
24-well Plate 104.500 cells/well 500 OL t
hCMEC/D3 Upper Chamber:
g 24-well Transwell 16.500 cells/wi 100 to 3
%5 Lower Chamber:
3 500 OL
hiPSCsderived 24-well Plate 250.000 cells/well 500 OL t
BMECs Upper Chamber:
24-well Transwell 330.000 cellsf/filter 100 to 3
Lower Chamber:
500 OL
us7 24-well Plate 60.000 cells/well 500 OL t

3.52 . mmunocytoCh€é€a) stry

For i mmunocgt GChpeamiismdhn@ ME CC/BOMBELEEwW e r e seede
oR4vel | spiaaei on was per fOBMEGs oan d alyC MHEC
reached maxi mum WBERdwvaslpuetonafrokecerésabe di b o
ECs.
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| tdhex per,iam@ntr ati on and DPBBh ewagsl hdi nrmge tvhearr
(MeO#Hgs added to covéb wmelDdMmQWa s nrcaurbav e
and al |l owte tdheotoBdB&r ywaisthi ng and its a&d.pisr at
To bl oxke miofni a ntdo nidmmmgev e pceefr ndeyadbsi tl ei nzsaittiyo
st aianisnogl B@irdmt onX_ 100 and 0. 5was BirAep ar & d
vortexed utnhiotrhcso gopl ¢t el y Thihoemoweslnli sz ewler e t |
by adding 200 OLandiisncobateéeodnbdnt emgdedr at
After i mndbsedlauti ibcarkaewmdh st he cel |l s wer e washe
Primary ant iabl®€CiL&N WED&1 di |l uted amtplegp
accor dipnpge ntdAfxtwedrs hi ngLprle@ar®d anti bodies
determined wel |l soaed rPirgdtnmiabrayt each taitb o+tddi AeG  w
cells were wash®dhe8 sececaasd@hAEypBBBWMRAB ut ed |
prepared soladcomdiiprpp atilaltaagAdyt er waslhi ng,
prepared antibodies werkehtddedbl®blatdeREr m
After incubatiomatedolantdi earel Was was giTowashe
stain cdbd amu-dphem,y!| ( DAGHags d(F alt:e db0O@

added t o daarlkTwelnl, s t he stainedafwleldrse sveere

mi croscope.
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Steps for Inmunocytochemistry

. - Reagent i
@ Seeding Cells @ Fixation Preparation @ Blocking

g
@
$

Tl
!:'\
A
/i

Primary Secondary
@ Antibody @ Antibody @ DAPI

‘4: Wash x 3 T
AT
Al — (@)

F gurSea edp.sbeoperd iC@aretat ed by B oRende

3.6Redilmguant i teavteitnsenscrpoptyimeadhaseactR® N (
gP CR

RFgPCR etsaotd queBSNA filt wageadpmessooh pgeoés
rel ated twotthr da hm eeCd ol og cal repl cates

Fith y hReNAshioPSCs,, aBMEQLCMEE€CWIDB8® pari astodlayt ed
using col asnnipmectthosctivda c b na @mulc | e & &l i kii. t

To prepare the bypsicamoddttivas, a@ndldd 6f ¢ t
solution i ncHoudceadl fipesweartchieiyoluyghdd whi t h 3
this oyl ptiipenti agdatfaeawshempepenidotrd micr
t uBét eirs Heysst epMs niit Kmetr eeapp!l i50d.0OLlAtA uchlee :
freater WaNlsFWw)dded to the jamalhasedt BNAwas
ThenRNAhsamples ®06AE€.stored at
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Secondl vy, compl ement ary DNA (cDNA) gwas s
each RNA( ms@/bU)é ol |l ow ng the protspociohes ns
k To selr ve phee¢ WA o banddormd ctuha@at @amount of
be takenRNsampltédeto prepar &L 18BW was RMAD
bl ank,h2annBINA s awapsl ed romp fawBo ode v (Be o Slpheec )
CDNA synthes s solut eln twhaes pScerp aprte dr ebwye 1
enzymeelandSca pt react on m x per sampl e,
k teL H6h s emréhwetn mamdded GQocoaheutatatl 48600
NFW, 2f0bteot al vol ume. After that, th s m >
synt hes saPsCoRl umaboen)ncubated w th the Bl OR
(CFXD6HMm rRGAE m HauAa@dms m WHA@. The synthes
were d |l utddew Mad2RMasaedCed at

Last by-gPRCOIR, psreigmeernces wer BNCHBd s iPgn éaenrd sBil
out soufOt e dochoenmp,a nays SAlpgvem,diiex e2 us ed tbhye f ol
prot oxsdod vafE dJevd ver sal SYBREC@GmMmmemc iSalpley mo |
| yophif oirwadd (F) mmidmeresy ewesree (Rl ved wi't
desiGmesrt ructi ons mansd stwekupsr elpCAf e@M t hat , |
stocks were pr é&gplaroefd NoFYW setdodbitnhgmafRBP € Ro c k .
react owasn pteparlkdl Sy Atdavkanmcged Un versal
Super mLkpr e ORprl m@ng LAIFW per FBarmpda&ch san
18 OL of the m xt ur-welwa sP CtRr raphl safteerdt e d a mm |
repeat eBx8ept mker theDNA wemphdibed| 2 v Otl e
was [2f0orO eahkfhit evreltt hat ,oehwesthiptd heRCRap! at e
sdand pl aced n Bl ORAD(CREEBfgetanagicdtrerwae
pl ddde m NUARIS5 96A€Cnd40 I1c yno 166s)@ 0 acnkdc | e s ) .
the r eaccamplnethgads! e Ct hreahoé df ¢r al(lOQgene:
40Q) Twalswaes used to calculate the amount

samples compared To ctahlec utl eantter dtifhe geoote. b
sampl es h aunkleeetph enfge/r e n( BeP DiHe afeo u(n@t ) . Then,

d fferensempdd ssevancwentamdqgCygr oapue ( gEis) f ou
anfl nal dyaltwssr & pebyormmetd aef®@@l.uk®atda
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nor mal zed to th&APbBHasessaon é@velus afbf 1
for mffxa:100.

Steps for RT-qPCR

Gene-

rr specific
< dNTPs (6 primers

6\ Oligo dTs and/or
random primers
o9 Reverse \ DNA \ »
Lp transcriptase g polymerase 7“ dNTPs

N N

N\ S e
1 1 f e —
‘\_7 el .\ |
Ay v DNA S
template te‘l;'nplate \/ cDNA
@ RNA Isolation @ cDNA Synthesis @ Gene Expression

F gurSad ep.sHBCRRTsum@aentrzed by B oRen

3. 7Eval uat h8Bkhoper medperimetapil ity

3.2.7.1 Transendothelialelectrical resistance (TEER)measurement

Transendeoée beteisankltea ( TnkeEaRs)u r wmematr r i efdor ou't
det eirnigam r i ey. Fotnitsexgpreirtihme nctehli IRSS Cs hCMEC/ I
BMECwwere subc RRlaalriac savled ér wii itdherbetes | ogi c a
repl atatdtesasities d4€ccobtbeidnitnhdadbtteusdl TE
ECMoat iGogleln@o LENMwer e used &detolednmskese,t 6
coaoelhy PSCalmeegati ve centehawedooWpNanadoat i
cul twnteidlg col oni es Waea, obé&eyvwiaetrhe Ascicnugtue
and subicnutlliten s edt s, wcha acthe dvewaiatdiphFEMIE C/ D 3,
ashpeosi ti ve onvarst rsailb coirl lad enps,e dotosantteod wistehe Co
Secti on). BAME2. sl . a3t dt ahya wBndiweirmreme di at el y subc
i nserctosatper@o wit ahsded NS on E:a.ch. roup was s
I n a s ewelrlaApet &t4de sull EEIRt wraisnigme ass usteadra | e
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STX2 el ecAvroebdhamemdaMeEtR S0 0 0 0 2°E RM®i, | IMi dedidp o/r e )
24 HAdfagws t h 3 t echfnorc ad a.cle pilnarttes

Before starti nghet heed entetarsoudreesmenwetr,e kept i n
t hen | mmer sedantdh esacelr iil nes ielxFkB Sy aate a\RITer ne d

di fferent groups wBPBSmpreoeessdagmwdhbtelr e piarad
were I mmedi aMedywmielasuretdhernt o waflro@cdk @@t
MEEWRalmuesul t ng fr om.Ateeripbenrda toufr ee acchha nnmgeeass

t hmeedi um ofwaaslelpliancseedr twsi t h fresh ones.

Al l measurements swgy diot ac o(r @nEcEfRa st hoehnav er
oft hter pl cate ~Nséuéesmwahalcen I[tsadt esdnlef r om
aver agecaloitelse ofs .bITahrelkn, t he becom ndgAval uce
of 24wel | tchaawdi BY&mti s( was repeated f ol
replicates of the grogpsndaag dabt ans TBEDBR

F gurAe 3083t adéamimee erB. Vol t oechemmet ede:
TEEReasur ement
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hCMEC/D3 Cells or
hiPSCs-derived BMECs

Every 24 H
TEER Recordings

=0 —
ECM-coated Tanswell-clear Insert In vitro Human BBB Model
F g urBBB3a de | Inu svt rtarto o n rmesaesau r fgoa retak
B oRender)
3.2.7.2 Permeability assay:Measurement of FITC-dextran
Therpmpmeab | ty bays suasy ovgansned en etlrigycleanvva elsa el

soth ocyanate ( FI)ItCo deatbeerlne dn ed ebxatrrra nesr (f
f thepermaabér | ty parallel Addwtt btma€EEWR,
conducted to set a standard for the per me
and BBTB model s.

For th s emaklr mehetcul ar we ght Thd sk®&h)
(hCMEC/ D3 and BMECs) wet ¢ swvbheaiweluhesdri st
w/ d8¢ell s, which were seedwdal loncftopvéa he,i
Secti ohis BhFBERI .measur eme,ntb leaxnpke r nnseervdlidsd we |
Therefore, t he gr o thpCsME @ kobndl aynndoMEO@su | b ol g ¥
cocul(ht@MEG/ D3arBRIMBCGs + Whd)(ColLalnkasnd Co L 1 + |

After seedi nfgocrai dbmormuwmaoctadog! t ures wer e |
clean Wwel weldthdg¢tlamamedi a odff ol boghospsies cC

wer e aslphipreadtieudn |loofwetrhesi de @d e pll victelth sferr d s
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me di Ribda gvr e p atr el eistm  mield é ume Iddyv aandtd i dReD412 4 (
to Q@i um dar20 0 pOle paDPLdper dmesppédwhisom
side of insedbahdfi aPubaAM8upesr i ncubati on
t hneedi um was t akene afcrinosoefrbtat h ¢ iridliz ptsa dtnhde
wed ltolibel apcokl vy s ® §r @d HItf ¢ uor escendavtlpl| &t ayd t |
actfulad o tierstce(mBdi it yFLD4, OL of fr eshH mediltsmwa
dirshuted to tftheoweldlagreafe t he

FIbybwD4 was meafsluuroetdelsetean (Meatiems?2 LB 9 4:
Technolastg eams) exc tat on/ em ss on AnNaveerl e
measur ement , spoht #Ddous apapoage dopadr os
per meab | tP,c mbonsefrfe lcadadeddus

Sporedigms s@@di ni ti al FI (concent riantiitoing!l o
concentration of ]JxowelrO si de of bl

Pocm/ ) vol ume of | owéx tsheedofffusisemtcon
l ower s d & fooff msseerrtd ) fif usmon t me n se

concentrat on of upper s de of

3.85tudi efsuwi erhoemtatiem i BBB amdde8B3B

3.28.1 Permeability measurement of MQDs

Permeabil ity measurrreineednto uotf tMQDgsu amatsi fcya t
acrBBB and BBTGBompdelwsere the same as 1in
of FDA4.

I n exp,erssameentpr ot oc ol as i n the tSefctomnt I8

prot aciotlh emaiammokéiQDa 2 25 Ogéméenwe awéoirare x ed
t hor ougislayghoaumndt wa s as g nhaentbaelire do oi-2nb | eni ihrot e 8 (
amul trasoni c blamdas ocsmojreit cBRTWHb y( preventing
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above.A3 Qskon i cMQDwenr,e vorte$6dOggainoanMQD
prepared by di | MQPDwigt hféree srha imme dg tuanc k.e |l at €
Dilution rati2®@25wdgy/ maburd 53 hGg /brrLai=n 1E &s
separatel yt huweratt exde divi drld Omi/ M@ Dso,f whi ch
determined by LDH &€ytpbptexanatysAsBHe sKEIr i
of MQDs was tmkfalswareas cve nat pl ate reader

wavel emgxa&as oRend/4(/ 8 6

:» MQDs

Brain EC
adddd Monolayers

4~ Brain
S5 Tumor

Sonicate Vortex

» Transwell-clear insert

» Blood Side

Microporous Membrane
Brain Side

vy

BBTB Model

F gur &r 8adll®lds wi t h /M)D®m8d ehiICsB88&8t ed by

3.82DPeteiodn MOMIsoaowt omet ry

FI ow cywasnedornye e sivfi gMQIes wer e transported
t hwemueptmk@gbyneasuring the dvesarfbowiogto
The measurement was spb@lalasrechednumOf DODdEex

bet ween three replicates.

In the eRgfverdil metntheaawewdénrseeraseédeocul ture
(hhCMEC/ D3 + U87 awdr BMECeseated8WwW)th MQDs, I

as well as wmheggyroupseat ment (
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To conduct fhdorax pe rEi€Cae ndetrer e daswiptrleviu®
descrnb&éctAfotne 18 ht2h atl ,d me di.&h ev emead baostnphi o fa
sides of amdvehgrmbdslumwef of de rtefdrmawpes
werreepl aced wit hMQMDrse swieardeee dii @ andjyu afso tihmu s e

permeability med8der dbmannt E€aVM@@ne e pampast
treat &d WigWQDIE n t he dar &2 4,18 AChiceeb at eeat |
medi were ,asapi ndateedc el |l s werAé | waeshhked weirteh

detached from thel osrurwealcles obfy iannstegmpsn aapnrc
EDTAOT hCMEC/ D3 @amlddcwud Asearndhe BEBECY me v
deacti vahned i wimt r el atTehde tcoe lclesl Jwatryedles.@ @t r p
for 3 @ilnlutpeesl.l et s wer e r e€sous @Redn dm ch uwwietsh f
After fixation, ced | mi nubtiOads, acngpdmt rr @ § wggpean dae
mL DPBS& ntddhemmedi at el fsa mpd aessu rteldat coul d n
I mmedi ately wer) Besftoorreed staart + 44C measur e
mesur gofengdach differentagrosepd Wwibw dgt en
anddlHO respectivel y.

Steps for Material Uptake by Flow Cytometry

Prepare Groups

(Naive and MQD- Wash with Add Trypsin or Centrifuge
@ treated BBTBs) @ DPBS @ Accutase @ 9

Single C_el\

19|
|

\/— [‘:‘ _ Suspension ¥ \ / H

Sty 3

i 1l Pell ith if di lysi
lec(l)’?d I\Fl,l‘:tﬁ;z;vln @ Centrifuge @ SuspeI;PBlg 1mL Analysis
. (—/ = : $ { “}: = ]
A —

F gur kel &wtladme€Crgated by B oRender)
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Measurements of
Fluorescent Intensity

After 2H

Fluorescent NMs

Human brain ECs
(hCMEC/D3 Cells or hiPSCs-
derived BMECs

Apical (blood) Side

Basolateral (brain) Side

Blood-brain-tumor Barrier (BBTB)
Model

o

Flow Cytometry

%, Human Gli na
\ (U87 Cells)

After 24H

F gurll @3sttkat on nofdel n upsmela b o@BF Br e
fl oyt omg€rgated by B oRender)

3.8t at aaal gal s

Exper idnetnda awa ss taantail sytidecdaplhlPya dv iPar i sm softw
For the evaluationoofli savwaatyi sdrealay sidsi f d fe
( ANOVAntdwwa R NOVAOIl | oWwakelyy s muldn pives &£ 0 mg
conducted where appropweandeeemonBhe at edulats:
standard d&ewnatbycocm haatdens cdered as p < 0
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4. RESULTS

4 Derivation of BMECs from hi PSCs

For devhalmami BBBrmmsdeni | ar to in vivo, hi F
then differentaisatded cirmtbo@ dB MB C ssTeoc tdieopnisc t3 .
di fferentiati on amfd hibBECsv ei nthe BEMEGCSspe ti if
I mages of t hper dovedser edbkyeagtidaagalmMd gni f i cat i
of 10Xs shown.OGnn dRiygu(rtened4 .slit arting day o
hi PSCs, the mor phioP8@QY¥ hdeasy .t (hBd) hdeayneofascul t
in UMe colhoRi®d€@€g anf t o ,aedg da, fdreoeseatihnait © L
cel lmdraphoA® gy he cell s continued esdduaull
undi fferentiated GndR§@er pwhokogi cai nahadg:
0bseantéhda p peecas bleeatdwe edqb6i chay®. day 8, t he c
el onglatsed,nct |l yhdP8€Cer e aacdbaolpgus keedappear
in EC.Tmeadiaell s were pur f ed on days 1

cobbl estonengpatt ems &ndan d@am to neural an

Day (-2) Day (-1) Day (0) Day (1)

Day (4) Day (5)

Day (10)

i Day (11)

F gurld NMlaided fdferenti ati on of BMECSsL#38f
Scal el aw)s :
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4 T2ZEE&& al ysi s

From the analysis of BBB characterizati ol
the structural integrity and functional &
the starting day of other related experim

Therefore, It was done as a part of this

As parht softhieE&€E Rs val ues of hi PSCs-de hiCM&L/
BMEL were .Mdhhasumwatocohbmsenmve the differenc
celhlisPSCs wer & hneeoguanttievde acsont r ol group whe
controHegepupRB4 H represented toeR@venel af
transoveddr inserts.

ThEEER experiment was amelpaelatfdcerewsd tieseas
shown in TFhegudieswdetde@acbr andnaoftiColLdt art i
measur el hTeEbBdd.s w lhte, f § h e wn t.r 2hifanFd igauattdeedt Tt ENEAR
of hCMEC/ Do rceell H sghgert swe-¢ @ x3 @w t h a maxi mum
of s36mi ltdar t o(tBearbaetturee WeksAerf et tahe, hi2P3
valwese fowudte | ow,x a&mbanged8kcaméi obt &
expect edc mamwe nwieeret gi ven theéPohgrattalbist
monol aheP8&E@efi ved BMECsnct basedvwd rud sft o0 unre
close to tthpewmsv ali wes comt r od s e wiugpl,H,h QVFEIDL 1

a maxi mum oxal@wm of 23

As fliseecondftthal experi ment, shown i n Ficg
started 24 H after the subculturi Heref t
l ine graphs much imesrenreéedemblieertaaheregr ap
the values were di heelTEER. vAtdesdovkeghBRIE
i ncreasedvewiétohs et ithoe ,t he vw/lau essi gonfi fhiGMENG/ D
andi th a maxi mym tadl2u(efd=n0.8)Alllso, si gey fwenaea
higher than t fd Va0 HOSMDdIr thd rPtBICy I@s i Ve dH

60



BMECsoul d be counted as purified BMECs

cytometry experiments.

As tihiet er aottthr g,estul t s tdeenocswdlt Tea&E®RIdt hat var
antkrdeependeaéel bnsebding density, cabatungeg
typad congteind,att oadaeanpwse,ge oar e at ype, a
bramha addition, the temperature hafght he
associated with oltCziumpiand at ke BEER wV&llue s
Pong et .al ., 2020)

A

TEER

o
o
]

-o- hiPSCs
-= hCMEC/D3
-&- hiPSCs-derived BMECs

20+ \{

TEER (Q X cny)
w >
: 'Z’

10
! S —
0 1 T 1
48 72 96 120
TIME (HOURS)
B
TEER
30+ )
-o- hiPSCs
T 25+ = hCMEC/D3
G 20 -~ hiPSCs-derived BMECs
>
C 15
E 10
w
=
5_
0 T T T T 1
0 24 48 72 96 120
TIME (HOURS)
|iP5Csvs||CMECID3 |iPSC$stFSCs-derived BMECsthMECJDS vs hiPSCs-derived BMECs
24 0.12033019 0.38841543 0.168717998
48 0.049169011 0.044211512 0.232686243
72 0.04109462 0.052603058 0.368039588
96 0.004624254 0.019272061 0.123033174

F gurTeEEMRe 2s ur gmpsi As tFriTresBdR t a, Br i dlaai
anAINOVA ad y 0 sbtph staphdard error
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4.3 I mmuemc gst @igmi ng

| CC experiment is another characterizati c
or gene markers specific to cells. Her e,
derived BMECs) stained on t het hdea yd anya xpiunmu
BMECs observed. They observed whether ex
described in section 3.@D31 amrdc mcexnrai muyn
playing a role in EC adhesi oneranfdumat ina ma,

OCLN encodes a human TJ.

| CC stiai rFii gghroavedd.o3 hagenes were observed
the expressi onweafe QGCQC lgieitrhtaecliaettdieyni e d SENE
than hCMWMBCI P3CD31 mawkeb £Ewapeedglaildtyt, t he
T8I hi PS@y iBMEdGwsas seen homogeneousl y aroun

OCLN

CD31

F gurkl uo.r3em ccernocsetaogpeeh CME C/ D3 ¢te lPl8Ieg ¢
B ME Cast ma X . TEER, ddahyy (D2 (MAB, H
( Magn & 40cXacta |oan20b alp M

6 2
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or protei nlsn otfhitsh ele aByB=Rt. | onre ntisheev eloiatireerracti varl e
obtai negds peweAsp p.evredtiexst2zed i n hi PSGs PSICEME
deri vedaSBME@SI3q Z. 6Qi an .et al ., 2017)

GAPDH svws e dh @askseee pi nDhmgoernnea | 04 a e ia arihespgoerntee, d
a percentage of GAPDWeerpsboswn®dnn( 2pCARDI

4 .4Leneceprepso oinh €MECRT D3

As shown i n Aphpee npaesx cbntrodercevield oBFMERC sP S
t hesCMEC/w&o0or mal i zadsuoed ¢e®l hawe cnd iecn dgc
exprewhi om,i.s HEIPERRCHE3 1 and ASBsCBwex gr essed
hCMEC/DBe x pr es®ode nodndt aé mar@ReHangde n€EB31 we
prom nenthapnghd®€swere nogeasepe @ sk ©oniso ol
wh c¢chPAXRe SOX2, OCT4, anht eANMEGE@ géresmes
pl ur potency tgeanessc e s p Bucrbtnhvedrlangotr cer, the e
glucose tr &hCR&mtserul gaen e nGbH B fefl] X mpeme
ABCBT) prot ©OCh Ngevimaesc ul ar ewnwtdlot haktatl 0
progen KORsh QMEWG/ D3 mwe ck gye if snacsaeedal y4 8 H
after seedicnogattehde rt rcamispwiecdh s e p 6o sEeC2@ykdh e s
ABCBwMer e hi ghl yim CeMEpG/eDs3s enlonol ayers 7-2 H a

coated treaeas.wiehdserts

4 . Bemeepr epsofoinl es -doefr iBWMBRISE st hrddddlreoemnt i at

As fTa@qPCRT resul-desr ovethl PE&EEBes including
brais( CEDAHS5, cCh31,0CLM®, ABCB1, SLC2A1, TF
(SOX2, ,0BNOG and intermediate mesioded mf gr
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t heir exmri ePssi@goinsse ddyBMELY from the start

(day 0), as shown in Figuretbsersehart eggnits
figures were infamsreel|fr @am FHRimgluccdeaelg dodh |2
gene exweemsimat® zpads t ve control., ANGMEC

the effeoatl o8ed®RAEC med um (day 8deronvegder
BMEGwas investigated| bhywMeloaEgilmgdiyatehief or ¢
protocol descripeamplne sextion 3.2.3. 2

I n F gure 4.4, there was no ¢dxpresds BMEO:
nduct on (samphesudedn&CBmedRA has ncr
CDHS5 ( s@Gngpn,den@) oin0 ,dawhere the cells were
th s exppeossm oenwhy gr eadeerr vtehda nB ME0Gsh ahn c
Furthermore, hCMEC/ D3 had a prom nent e X
where -dePSCed BMECs we reoestuebdc utl rtaunrsewde lol s
CD31 more than h PSCs but | ess than hCME

In F gure 4.5, OCLN express on n hCMEC,

because t he PSCs are transduced -deronv ebd
BMECsxpress morlkotidCMENC /DB nP Sadst hough t her
gradual -bnyd @ g.as®EBh daybetter expr esandnt hwass

gene has been pos t vely affected by bot
expre$sdoOmwacs h ghleerr vredh BAMECs t han both
and hCMEC/ D3 (sampl e F) anddesrubvsetda nBtMEad sl .

ncrement was gradual and reached a much

I'n Figlr@2Alegpmsewasnobsyerhhv-eRkiIsCved BMECs
8 (samples Kovwendayd) asampltbe Epxpress on
decreased ewaesnu cthh omuogghe etxpressed than hCl
folTWherefor e, SLC2A1 wad Bygmn hfe cparneisheyn c:
w thdrawesglaRdddecrnease . nHowsB@Baplsegh! gn
expressed dtyh ahnCMEER D dUBMECBUNnatel y, the
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th s gendebry viedREBOEOsIle kettahbB®Beks ng et al
L ppmann et al ., 201 4; T. Q an et al ., 2 (

I n FighurR&&r. v e de BAWELCHEeRIC @Q@Qendahed, expres
th s gene nearly tlhhae s ameelix@yr ensGMEC /nDb3r ea noc
tham dayf &l d)2. &b W& CEdo|1q@8d t han h€NWEG) D3
Therefore, d fferent at on and subcul tur

KDR gene was expressed |l ess byKbDRMEELpPpDBs
by h-de$Cved BMECs was the same as h PSC
decreased and-dem deyd BMECE BS$S@rted to ex

decrease n KDR express on m ght lE€Csdue
decr eabegdsa ydGaoyr | | pl ates and ncr 2dwedd wh
transwel | s.

In F uitdede was no PAX2 gene express on
der ved BMECs, ts express on h hghglhy van w
on day 10. These ncrsememtfs overrte andtmsgl
max mum TEER was observed on day 11, so
f n shed yet. h PSCs expressed SOXEn genc
h P&€r ved BMEC$ hat edpyess on was st ||

On d®ythe expBfess od6eswas han h PSCs.

In F Qut&éded OCT4 gene was more h ghly expl
h P&€r vedoBME£L£sdDd 6, t s séx gnodrdey tchm nwasn |
butt nwess gn f cant. On day 10, tjhuesrte awsas nl
SOX2 gene. That could be because RA nd
(Hanl ey, Rastagarl anlp; &I NaZhwng et al .,
NANOG gene expressanodn hbyP SICGMEC/gDh3l y expr

h P&€r ved BMECs at days 0O and 6, ts ex
10, ts express lolny,watsh ensoen er.e sAudldt st foonra S(
were cons stent w t& the graph D n Appei
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Normalized Gene Expression
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4 .34 Geneexpressprohil es odfer ilvieRISCsB ME Cs d
subculpuuour €1 oraotciesrs

FigautdOe ¥ . an2d ddenionRsfgy PE@Redesul-tterovedhi BEE!
after subcul t eweilng ttrhaenns wentles, 24pr evi.ous| )
These resortmal weed to 48 H after -welbcul
transwells previously conatsed CWiH5h ©OWCIL N.,
SLC2A1, KDR) out of 12 wedreer i & a nbi BrMEIE B8 b «
expraheeskct ganes CMEC/ D3. Sampl es were chi
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whet her this information corr e8|l atSadnpivet |
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when the cell s wecrocea tseaud eturl et ausr Biedimdodradringd |.ye,r es
B represented WwWasé, and sample C

According t o t hese resul ts, SLC2A14 CDI
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the most on day 12. In FigureddrilOedt BRE:¢
was statistically higher on day 10 than
by hidPeSSGsved BMECs was gexprassiyomebyehC
Especial l-gerimetdi BBE€s at maxi mum TEER (s
was statistically higher than hCMEC/ D3
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value on day 12. I n Figure 4.11, the exp
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t@reviougMenhdds eet al , 2 0 .1F5D 4 aRsasgangdeiel |
mo n otcuBlBBnodel hwkP&®s iBMEdDsas found to be h
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modeBBi®aussetdatai st i c alelcy efailsgen ipfaiscamgtadof
ther,ehere transipiobhl ébhdatidahb @aggdméd et o t he
that the BBTB may have an inhibitor prot

pat hway was broken.

Therefeortidoddi n transi swdb®e haivmiolraioht &BBh a
and BBTB moCGMEGCGAMNIGMECADRR), respectively.
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t he napwfeolgd)o,upsq 3MQDs passed through th
up by U87. However,b Ouphtea kpee ricre nttlaeg eB BT B MQ
hi P8@gs i ved BMECs wabCMBEG@GE#D3I mMbdnBBmMBt mede
reason was that alll MQDs could not ©pass
them may be recognizedgpbyeaetbldexd byams g
ABCB1 gene, i-che rtihveesde BAMBPESECfsi aendniwlkey eshutt
the bl ood.
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5. DISCUSSION

hCMEC/iDspraevi ously used cell l'ine in stud
t h&NS and its ,é&amtlbterceaantdnednatt ecsf né Badled ¢ iec
Weksler et al ., 201.3 ¢t BdBeuVdarksntd edart eeft tah e ,

characteri sthiycsexopfr etsmanggBres rel ated t
funct onal format wim dfhebmaeerd d&rmdactuddlurwe
rel at(eAMdp ceendh xr &fva e & xictehl otcacrsbea posonhi vel
group in this thesis study

Neviegltess, researchers found ach ev ng a
t he nfl uence of ot her NVU component s,
modul ate gene express on. Alternat vely,

w t h esoflaucbtlor s coul d support fl urkteh eprh emelt |
However, those factors ncrease the cost
Therefore, a mor e ntr cate model n v
accur(dBtadble t e WeksUsemmgPtSChlett e2R0BBMECSs cou
t o depvaetlsopppt f ¢ .BBB model s

Besialneismal model s ultimately fail in clin
with numerous drug daredirdamtjess?2 @b Jtuhrees eh ing
urgency for more refined BBB models in v

t o humamlsn itnhiushwog i dBfBiBsagbtd be model s d
hi PSCs.

L ke pr mawmytaoel nNg, haoman BMELCS we d hc eoltlhse
can enhance TEER wvalues and barr er fu
unnecessary tforr 8aMEC TEER | evel s phys ol
barr er propert es when n t al( Jaomne sto ne
L nv I1e, D ng, Gerecht, & Sealrhsuosn,, -h2 OPLC
dr ved BWMELy eromn al one m ght be enough to

just as n th s thes s study.
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The TEER values of hCME&L/ DBed eBMECs nef atnhd
were close and stat st cal |l yThhetgpher tthean
ntegr ty vads Sh@snawed BMECS

Max mum TEER was a cruc al phenomenon n
at ts max mum value, one can conclude t1
the conflueh@Cy Wash@WVMEO©/s-B8rameé dh BRECs r ea
max mum values at d fferent t mes (fespe
coateekl24transwel l-degr RAed7BMHBHCs hweSE€spur
thes s's max munm hTeEBER atr tmensy wermes of I C

permeab | ty stud es.

The TEER val-dieer ovfedh BPMBEG®s qwa st mnTetaerl ey wvids
accurate TEER value for BBBs, l ead ng to
| terature. The var et es n TEER may be
measgprtme TEER and the var ables descr be

val ues are dependent. Add t onall vy, h P
commerc ally as a -4.elThdy nwer e utcrha massd u dveRd
Ther efreervee,al st t he or g nal ty of th s the

I terature.

h P&€r ved BMECs were frozen on day 8 f
express ons m ght be aff ecutred beld kKBaMECE T b €
wel | as the changes n d fferent at on p
further changebndc&3r d| af edemeease express
BMECs, hCMEC/ D@Pebhsdny .656Cal ., 2018)

Accord ngqgRO®R tphreo fRTI ng FC2AMAEROLGhM,Beds s
ZOl germexpress ons wer e-delr gvheedr BMECH RISUC
d fferent at on procebb I haae ( s8etdteego w@ME.
BMECs subcul t ur ecdo aotne d rwa ntshwe@dls Ipr+ FN, s
bra n ECs, wh O€Ch KeDIREDHEBOABCB1 were prom
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expressed more( F haumr enCMELZ DBot h t he helop
technol ogy, better bra n ECs could be cr
mod el by usdemgvend PBEMECs could resembl e tl
BBB model w monloClEElr B3

h PStCrsansdufeeMd vveta oms PBKMEBasdpltur potency
express ons such as endo g(eApopueSh (dTFXEBA,k S OB

N sh yama, Saek , & Hasegawa, 2009; Ye &
The numbers n gene express ons d ffered
h PSCs to BMECs, nclud ng ndutctuoae, Hg,|
RA was an essent al factor $sprec hdaocgeao:

nh b t -snpgech fR*Gasgk agasr IRRarst,eg& Nat hwan |

al ., .FRoOrl 5éxampl e, the thes s study found
transcr pt on f-dhert oved eBIMBECs nwerr € SLlsmo s t

expanded n the EC med,um hwe tehx pRA san d nb K
s gn f cantly affected by RAuand bRGKBaMEC
cells expressed th s gene on day 10, w t
same day decr edgsled Q ta:mn ebtwptrddesrsmozn@ 1 7) t s

prof | e by h PSCs was al most the same as
accord ng tédhmadtetdyaby Akt may be becaus
possess gl ucloMd madan@Pdrit eN®al et al ., 2

Out of the m g c gfatce dg @mreas n th s thes
gene for RMT, enabl ng tTH&R tarcarmsso it th eo B Bd

the potent al for mprov ng drug deD ver
Marco et al ., 2020I;n GtoHh @ etmaens-ccgr satt e dy RNR
expressed th s gene, and that express o

subcul tur ng.

TJesncode the OCidNTrgBaMEeCs he xPpSCsssed t he OC

l evel s. l'ts express on ncreased dur ng

81



although the RA | owered ts level . At d e
al most 5 t mes h ghergeman mn heCHMEQPIrB3 s
cons stent w th the |1 CC whHerre véds BM&ECme
hCMEC/AJ3s.051 2Qpress oryany,r eamarsckedpCli@ged u
s gn f cantly -h c @ e @ reesbsc thd gy lh svged & soEnO 11 @

s m |tahé t efmt uQean .et al ., 2017)

KDR was h ghly edcepresesddBMEC hd®PSCsg t he
due to the growth of ECs, and th s expre:

h P&y ved BewECesd e&pH5 express on p+of |
ncluded EC, cad t um(el. m&eraant udrtet Abugh20bh &) e

or | ttle detect on of CDH5 express on r
nomur f eld kBeMBzGetl W sed n EC med a start n
th s gene and acqu red t dtcroart g dp urr afn s
show ng the maturat on of bra n ECs. Howe
to the seconcdatd aoyn(,lo fpgpyuahdf .dthealefor2012ahn
m xture w th collagens and f Iboohaicdteme ra s
cruc al factosr paefcfdctc menker @axpreGs on.

Permeabyk tynwfasmad whether the fluoresce
BBTBs before relmarcd mgentddtr o erdusmhdmesnt onec
sect on 4.5,-cbarbaed E€Canswelplr® decreased
FD4 mol echl 88B moHbdets (monol ayerdgerofvehdC
BMECs) . Th s f nd ng demonstrated the d
membr aneBBB and BBTB model s, the transpo
the paracel |l ul ar actflfywsr eolna tpead htwoa yt haen dn wmr
bra n ECs. Based on th s nf ormat on, the
der ved BMECs was more stra ghtforward t
better TJs' expredd son,0 amd ha drmo dred st uwneccrr
passage of these mol ecul es. S m | arly, h

MQDs, and the presence of U87 decreased

8 2



to prote ns present ng b@DbraoncEE&€ssfobhe
of mpa red pathway spec f ¢ for -dMQDs emga
BMECs and U87 |l ed to |l eaks on bra n ECs,
s de. The reason bemgandoft hpedmédadlrrlentcyey sst
MQDs n d fferent groups of the model s ma
s related to propert es of those mol eci
expressed n theEoBBRBRAROASBBMBs adhes on
sem permeabl e membranes may follow an un
permeab | ty Gonenesureeamants 201.6; Naik & C

I n both BBTRGIxMQ@QDse| sshdwn to possess auta
were tracked kagetrtflcowsscy hgmbéymy merEeCsg ven
ECs from the upper s de of the transwell s
However, these uptakes were d fferent nur
encod ng t hodg terfdd suxo rm@eprhssvilmssmxlprlessRd mo
der ved BMECs (Dbalns hiCdMEEY DBl t h 20483 ul t |,
of some mol esulass NMs ken MQ@D s t hes s, car
pumpebtdebdbote reach, nagndrtah enr gfuarroea,s | m t ed
n BBB model-gdemw vdd hBVMECS LK cdusrceh &4a.RP1082)0 0
Mahr nger & Fr cker.,, 2016; Pra-a et al
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6. CONCLUSION

BBB model s n v tro have been ut | zed
contr buted to study ng cellular and mol
and depmeht . BBTB model s n v tro have b
env ronment of neurolog cal d seases and.

BBB ntegr ty cadnnebaes BirEEMRgGS a e dn geanlalv urad oo | a

per meab tlh tmol ecul es

Researchers have wused pr mary bra n ECs

mo d e | ng human BBBs; however, they cannot
of the BBB. For th s reason, mp rdoevre nveendt
BB model s prov de nf ormat on about S e\

mechafogm&GBM therapy w th nanosystems

Human cell s are essentspaelc whecn t rnavnesspto rgtae
mmunol og cal conceruwmrs.f TddsBMBPP | demgv éd
human PBMCs could represent a s gn f <cant
per meab I, tnpeustddidbgasak moaeld Hgnd ng nov
d sease tBreesr apys, treat ahgdB8dMEEES wetdhaRA
d fferent at on and pur fy ng t-thewmelonp eEX
character zat on of bra n ECs.

Nanotechnology and the wuse of NMs , even
therapy have megome spapwlher samw ng to th
propert es of NMs to f ght aga nst grow r
th s coaoaltextcalprand cl n cal stud es w t
researcher sMQBanwér e gnomear arte lvaetleyd nreews e al

nanomed C ne ar eas aga nst br a n tumor s.

8 4



The
pro
p ha
t he

h-desCsed BBB model devel oped n the

pert es. latp e ma @ n asl@rzweart aasn dB B B o mofdoerl
rmaceut cs and nanotechnol ogy n exnp
rapeut ¢ agent s.

I n the redlematoéd B8Bud es, MQDs stand 0 |
researchers. The r ease of tr afcekcatbs ,I < wr,
chem stry rch n funct onal groups, ar
foundat on for conf dent research dec s
For future exper ments, the BBTB model C (
from a pat ent mart  yGBCM Odaiugr poge Itlhse,m. | Kk
astrocytes, and per cytes der ved from h
m croflu d ch p n 3D to f Al Bhp ,PdSe@se| bp
transduced fromhharmaens@ina@odd dff er ences n
phys ol ogy between hutmansntitdmeedeadabeh- hoes
spec f ¢ nmoGBeM trhger apy.

Add t onal l vy, BBB stud es us ng human ze
mol ecué¢resambmeét more accurately analyze the
for NMs , d fferent anal yses to understar
confocal m croscopy to mage the spat al
the U877 Ramhn spectroscopy to dent fy t
w/ o NM, and permeab | ty w th nh b tors
way t he NMs usem fgohrt cbrea scso nndgu cB BeBRd
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APPENDICES

APPENDIPKRI MARY & SECONDBGDbDI BSSTOF BBB USEI
| MMUNOCYTOCHEMI STRY

APPENDRIPPRI MERSB®B & hk PREEPCR

APPENDIX 3 MYCOPLASMA DETECTION OF hCMEC/D3
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APPENDIEXTHKCOMMTTEEPPROVAL FORSOLHABEN OF
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APPENDBICXARACTERION @GP SEg COLONY 4)
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APPENDIPX i Inasy o& dmatriybodi es of bbb used fo
immunocytochemistry

PECAML1 (CD31) Mouse Abcam,ab9498 1:1000
(1 mg/mL) Monoclonal
Cold MeOH,
1% BSA + 0.1%
Occludin (OCLN) Mouse Abc a4 2@y TritonX_10in 1:100
(2 mg/mL) Monoclonal DPBS (1X)

Mo us e Donkey Abcam, ab150113 Alexa Fluor 488 1:500
(AF488)
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APPENDIX 2 Primers of BBB & hiPSCs for RT-gPCR

GAPD AGCCACATCGCTCAGACA GCCCAATACGACCAAATC 66
H 59.0°C 57.0°C
SLC2A | AACTCTTCAGCCAGGG CACAGTGAAGATGATG
1 62.9°C 53.0°C 140
CDH5 GGCCAGGTATGAGATCGTGG TCTTGCAGAGTGACCAGCAC
62.8°C 60.2°C 90
ABCB1 | GCCTGGCAGCTGGAAGACAAAT | ATGGCCAAAATCACAAGGGTTA
AC GC -
64.4°C 61.0°C
OCLN GACTTCAGGCAGCCT(Q GCCAGTTGTGTAGTCT
61.3°C 58.0°C 132
Z0-1 ACCAGTAAGTCGTCCT TCGGCCAAATCTTCTC(
58.1°C 63.8°C 128
GAGTATTACTGCACAG| AACCACTGCAATAAGT
CD31 57.2°C 57.4°C 117
GCACAGCTCTCCTATT GGTATCCCTCTAGCCA
TFRC 56.7°C 57.8°C 147
GTACATAGTTGTCGTT TCAATCCCCACATTT
KDR 49.9°C 55.0°C 132
TCAAGTCGAGTCTATC] CATGTCACGACCAGTAQ(
PAX2 60.8°C 60.1°C 92
ACAGCAAATGACAGCTGC TCGGCATCGCGGTTTTT
SOX2 57.0°C 52.0°C 68
AGCAAAACCCGGAGGAGT CCACATCGGCCTGTGTAT
OCT4 56.0°C 61.0°C 114
ATGCCTCACACGGAGACT AGGGCTGTCCTGAATAAG
NANO 60.0°C 58.0°C 66
G
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APPENDIX 3 Mycoplasmadetection of hCMEC/D3

DNA Positive Negative
Ladder Control Control

Sample
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APPENDIG¥n® Express on Prof -qlPCR of hCMEC/
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APPENDG6 RFqPCR
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KDR
TFRC * PAX2
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