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Abstract

The field of bispecific therapeutics has e:

With their ability bbspacpkti dhitatwwlee tf aapr gt datictia@s teidg e
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teell interactions. CSANs have broad utility i
drug delivery, PET-A€F%i emadi cgrgantdr &8aNer. Thi

two additional a@panderatii mnwndoticheecCrSaAlye 1 i ver y.

I n previous studies, CSANst wecgaentceemp lcoeyl e ds thc
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CSANs was modi firadi oD R B&r i ngubheEeld &mBh t he
monomer s. However, cytotoxcbangeskpacymedntds n

signi faifd cttl ¥y reat ment obutabdmestagrospsdifferen

Buil ding on t heiDbBBEEDSs ¢ fouli nmaicdieafTed ed yt ot 0 x
Chaptdeert a3i | s oDUHF’ROB2 tod mdsdipfporgtleads sl i pid bilay
hi storically been usedWe oemmlivepgmddi@EiaNd Itielldy &
assess T cell behavior as -maciyf ileadn ds uanfda c ® p rues
l ocali zat i Wec omifcitrrforsdcdoPlyBs coul d be moditfhieed wi f
mobility of CSANstberwbedeitleaymened tGRANS 0i chi
using single step photobleaching, WeHiuah hati gr
i nvestifdaet oed esence of the TCR2ANYd dmni8iBg iamgac
measuring their ma x i mail g rciafnitfcdamtrt e avicaeraGistASNd s di n g

densities.

I n the final pal€hamd,e rteha psl odiesds eurstiantg oGS ANSs
hemat opocel HSCs) eme rtah en (HH&BoB)dr €@t | er Syadreome
|l ysosomal stAfrtaggre aursoidet i AVE Qe ANSBr emeldoy i r
unsuccessful, we pursued a BVeEcGFnRRa rpyr esntyrl aatt eegdy
to modify the surface of HSCsanaitrkR&aiso wsaerldi anc
VEGFR2 + brain endot hel i um. We desiUJEGER2 prod
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future applications of the proteins discussed
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Part 1: An Introduction to Bispeci fi

Anti-badgd therapeutics

Over the past pthharreneacckeaed a dcead, atntde bi ot ech s
exponenti al growth in the devel opment of bi ol
utilizati onAfi hodi bsdiabkso referred to as i mm
t he | mmgpnahem, specifically by B lymphocytes in
Theseghaped mol ecules consist of two identical
di stinct functions, that are connected by disu
compl ementary determining arbelgei onesgi(ohsR so)f |tohcea tt
chaiFnugr 8l )AAnti bodies can remove pathogens fror
opsoni zathiagmw ¢ & mhddiedpeechydent cel ((ADGC)neyt otadxizait
or complegpmenndtent cytast echiiewiguy e{ICdDICigB speci fici't
binding affinity, along with other phar macol o

developing therapeutic agents for va¥%i®us medi

The history of antibody therapy traces bac
instances occurring in 1893. Seeking to comba

i mmuni zed horses with the dipht hteaiimi ng xamt ialna

against the toxin, to neutralize it. This mark
to save patients, a pioneering eff%S8itndert whs e
formative years, antibody research has evolved

based t herpapautciudsar | y (mmolds gnwchli ocrha |h aavnet ibbeocdoi nees a

treatment option in mul®iple therapeutic indic
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Fc

IgG1

~ ﬁ Neutralization of

microbes and toxins
Microbes
Ve Antibodies/
Toxins ° o Y/\ Immunoglobulins .
°
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c e N ¥ e K2rd
1 <

B cell /f })—‘
SELTT R

Opsonization and
> ¢ J 1 phagocytosis of microbes

— ‘/\ \] :’ a . Antibody-dependent
i llular cytotoxicity
A i} \ . ce

Complement-mediated
lysis

Figurlantti bodi esf aAeadt b hA)f uingc@l oinss composed of tv
chaivils gdgnd two V) ghtnkbdi by @ disul fide bond.
comprised of a feggbhent ThgsFall nz&dadd&s pamplej
angli hkwhi ch connects with the variable fragmen
di sul fide bonds. The -ahtibiody diemdins gr attoes ar
compl ement ary det erBnAmti inlgo diegs otnar  €CtDR&snd dest
through four methods: opsoni zation aGreltedphagoc

with Biorender.conf Fi gur &ddhpit ed) from RBRkiokenldwd gawim dn 1 |



Monocl onal( mMbasi)b odng v reecorgend atesypaencdinftiscg e n
whet hddoumnal lorwistehc rheitgehd ,a f f iTnhietsye aamad esbpaddcsiefsiccaiptay
of mimicking i mmUmDeEL Cr eanpgeEdDeEs ts U olr eagn pat hoge
celTbe first monocl onal 1@n7th dsyela echeves eCeavail ol
Geor geswhkaoihnteedr p rroAdbusc e n | at?fleeguaohi ¢ved t his ¢
the invention of hybrigstoheasiiemmamy elgoyma wdhe lclh i
wi Bhl ymplhooyt ea®s i mmunizlhea hywbrmadomas are t hen ¢
clonbkbat produce the same anti Bod$¥hi*ar gemniovagt t
technol ogfyomabkbowed dwatei omo noofc | onal antibodies,
research add mMoOBiéc itfhiersapeut i c mo Mac lo@m® | anti
Ort ho©OKdhe which targets CD3r eecxepkikésdseepdp robAiv mat
This milestone paved the way for further adv
devel opment of new production technologi es, w |
mAf ormats and the devel opment of.l amMXiihbcoeditelse t
initial appr o@R23a solfainMe BaO2eon ald famtt alboafy product
gai Fr®dapproval and e(@tadrd a8 1t%ies emaak@grtoved mon
anti bodies have found therapganiciec ,applio¢ anmuommes

infl ammat carnjdndies ¢ aewels, di seas
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Monocl onal(Fagui daorlee2f4ned to target a singl
interacting with Howewdoine fspewcsdd cagmmrigedh ha:
mul ti fdictg @aiskeed cancer and inflammatory disease
pat hwamemtittrheantonoc!| cmanl |leeatdaisodi ds8e t modrug r e
responsi v&thoeidsse g ueesnetal rycahveer sused mAbs in combi ne
t herapeut ibcl oecfkfiincga cnyu Ibtyi pl e taarsdg entgd’edid taymtgletti.p |
FDAppr oAB8duch as cetuximab (Erbitux), trastuz
(Avasti n)us erdavien bccombsiontaatti,otnu motr sdi ng metchst at i
aBlER2+ br earstc clamrcent alaseasnodr advanced mul tipl
received aofllombi omaborf Opdi vo) awd 3IHmwikleivreumab
combination therapy r eignuimaensu fsa cgtnuirfiincga nde si onuvrecs
for each antibody, and addipgrn onaldos ealdidimiesal t dit
chal |l engeshavree seexaprl cohreerds b ih®p @ @ iv fe ilags p aamntn itabl @ dei r ensa t

combinatilén3%t h@rapy

The notion of bispeawiafsi oramgtiin@ddiyeprEeBehl e
and coll eagues in the 1960s, more than six dec
two distibnotdi agt isgems iThT® pussoegl ehinsl ebjuket i
mild reoxidati on t-oi ncdoinnnge cft r arganbebnitts a(nRaibgse)n f r
t hrough bi s p3cKifhilce rforsa gpmeonntese.r i ng wor k with hyt
way for the production!®ffdpuowi mpnbbhéosaktcass]
technol ogy, t he 1M0yBKrsi d onnmbar otdeuccherdo lhoygbyr,i dand sub
of the single chBvi)n avdadrrieasbsl eed frieafgéthiednien d( lsoeh d Inlceen

ofbs Abs devel opment, ongoing efforts in antibo



contributed thoAl heomrstod wda ti ioaont ddenidr usntdreuw cstt uarnadli nb
diverse appAbsathawesbeowdn facilitated with°t he
With continuous advancements, bbsiAdsfial damaouwi

of clinical IdlsvAedlso phnaevret ,g aa nmakesd oF D AA([@aapod 2ptt\aa2 14

36,439



A) B)

Cell

T cell Tumor cell Death Tcell

N\ (/ \\ //

Orthoclone OKT3® (Muromonab-CD3) Lunsumic® (Mosunetuzumab-axgb)

Figure 1. 2: BMepecl dhn e Mandclonal@mibodies aengineered to

target asingle antigerwith high affinity and specificityFor instance, the FDA approved

monoclonal antibody Orthoclone OKT3 (Muromom@b3) specifically targets CD3 expressed

on T cells. HowevemB) Bispecific antibodies arengineered hybrids designed to taryei

antigenson the same or different targefm example of this is Lunsumio (Mosunetuzumab

axgb), a bispecific antibody approved by the FDA that targets CD3 on T cells as well as CD20 on

tumor cells. Created with Biorender.com
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Il mmunogl obulin based scaffol ds
Overview

Nearly 50 years ago, thiegiedBlamerpedpeti hte
extensive research has been conducted to addre
can only bind®td®a coiniglastepibtiespe.cific anti bo
simultaneously bind to two antigens, enabling
and drug carrier systems to target opeaceisfuild 4dtn
fewer side effects and reduced frequency of
combining two molecules into one was expected
of clinfc@Bivetrithlesdecades, exploration of wvari
has |l ed to the emergence :bhe-tfalglihd sheggds oa mtait kso d

and freagh@oki ngsweichawi Vé be di scusséid ®2n the

Recombwhaodlnggss peci fic anti bodi es

Fu-l €nlgghased anti bodies have similarities w
they are engineered rather than naturally prod
generated through various biochemifcdlwomatnhadodo,d
fusion of -pgrwoduantnigb oadeyl | l i nés>*Bespige@ebiecngn
generated, the inclusion motfo tnheed i Fact spr osi gnsnouangei i ne
to those of niart culradhit naggnady odéepend cel |l ul ar cyt
compl eaneantat ed CcAyst oproexvicdatteyeyr nduatd, functi onal i

bsAtbe redi refctt e¢eeethdnsneé oward speci fic target cel
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targecemarb oAms siitmuért aneousl y bindsoandepgept oals
actitweot er eoept or some cases a combination of b
bsAbs to be usediine |l mndlhtoigpl, e i md d chonamtandeyg tad od s
di se*4séHoWevetrhe pr oducfti winolaen dleerstpieltoed itelsei r
advantages, pres@mgi greicfhiachd netdrigerd d nmipigreadutct i on o
bsAbtshe scorrect assembl yBiosfarearithioldo ceys frreqgame ret o
heavy chains and two different |ight chains, r
Proper assembly of these fragments 5fs %%cr%ci a
Addi t itohnealllayr ge si ze of whole antibodies (150 k
their ability to penetrate tissues and the ext
in the treatment of solidstempesi aEf§iragbtati
Finally, as im@dnpioonectte drhlaiteb,sAbs are properly
Dueo their ¢ ompsloepxh nssttrhacdtsslerdee cessary to ensur e
producedaimnhcirgehacsceuct i on c o gxtosmpd n & aadel idfTt@iiyva.l s c
address these challenges and harness the pot

exploring the use*’®46f antibody derivatives.

| mmunogtiebuVed scaffol ds

Anti body derivatives

Anti b(dpgda8can be fragmented i ntetasimaldggerth
ability to bind antigens with high specificity

|l ack téagiadcm, can be obtained t hrtohwaste erfz ywmaltuicd

11



agents. Smaller antibody d+##i inda tnigvFi(saghighmednht de t
can be further rediclrrdotthws @ ombnpvatl einn &Fmadpidonee
region (Fv) of the whole antibody facilitates
sdAb that only consists of the vaFi aqbiIBe>*heavy

®“The VH chain and variable |light (VL) chain ca
variable faagmadivg@8@®mFoOwni ng to their smaller
derivatives enhance tumor wuptake and tissue d
produce and-lpeunrgitfhy atnhtainb ofduilels and can be manuf a
which | dwet s opraeaosts and ®malmAuvefsaec t dueriinwa td evneasn d
i ntegrated intasedriscecas fahdisbacmy adapted for

paragraphs, we wil/l explore bispecific scaff ol

scFvs and nanobodi es.

12



B)

F(ab’),

= m ¥
sdAb

Fab’ scFv (Nanobody)

Fi ga3 A whantei body mahalinegiritbsody .AEWhiovlaet iaBjetsi body
Various segments derived f r§a m BlagssclFavwn daarsed Aabiclk t

monoval ent . Created with Biorender.com
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SinGhaBased For mat s

Singl e chain vari abl e fragments (scFvs) I
composed of the variable regions of the heavy
peptide | inker. Unl i ke traditiona,l sacnRvisb odiinrpsl
this arrangement into a s°fhigd eYHuabdoWNén regli
indi spensable for the antibodybds capacity to b
t he alitndiemg specificity of the original antib
The fl exi bi lhiet y imrkevi, ddd ph3csatlalmji ncoo nmascii sdtsi,n g so fc

retaining the binding capacity of séFv%¥ ahd fa

devel opment of scFvs, various considerations
fragments, the nature of the Ilinker, and prod
mol ecul es, scFvs exhibit hmeicgeht én ed uteu mpem ed read

a diverse range ?2FfPértdsienntclayl, atphprleec apgriiomseyd f or
bi specific antibodies: MbiugpdAlli fi cdiUatbteerbhd &gteinmgon g
proteinsFiu®ARBILsdndandem di abodhiags edCIBaadmbwi) | I

be di scussed bel ow.

TandemBisscgFevci fi c T cel |l engagers (Bi TEs)

TandenBisTdisee constructed througi htahen geamnmaé taibca

fragments (scFv) wunits, forming tandem scFv mo
di stinct monocl onal ankFiuy ®d Ade.s e rbayb lae sp erpettiednet i |
antibodyds binding activity upon assembly. The

14



scFvs to rotate freely, facilitating flexible
me mbr @ngfiETo | ecul es have predominantly found ap

by redirecting T-ascsedclisattawaarndtsi gtewmmoror tumor

mi croenvironment. These molecules playmar cruci
cells and i mmune <cell s, forming an i mmune syn
peptide linker, akin to those obBbsS€dwnedquannhy ]

this arrangement enabl eschcarions shliisnpke cnigf i nte dai nattielc

the recruitment of l ymphocytes to target cel |
i mmunol ogi cal synapseim@millliyeuecNoti akldy cytioé oait
exhibit the ability to bypass the major histo

antigen recognitiohAbyottdael e stedddkesnds ichkFavod s .

blinat ¢Bobmabytcoo)nsoifeillsDh9 sc FUCDBndscaFars t he fir s
tandemBisTEFt o recei,vgrhbAZGppPrevakbcently, in 20
tandenBisTcEFvT e bteehaf Uksipmmtarsa calp)pr oved by the FDA
mel arféSmaudi es are currently underway to explor

various TAARabhkedisted in

15



A) VL(A) VH(A) VH(B) VL(B) C) VH(A) vL(8) VH(B) VL(A)

VHA I VLB . VHB l VLA
VLA VHB VLB VHA

B) = D) €

Fi gudali fif. emmneunnto gl obul i n dA&) i Vrea drorarmgdeaammns c BV
bi specific T cell engagers (Bi TEs) . Linkers ar
chains to enable accurate formation of the tw

bet ween the two scFvs tB) ffThaei lairtraatnepdrheeiirt g€ o

retargeting proteins (DART). A linker joins tfF
variable |l ight regi oans otfh et hvea rsieacbholned hbei anvdye rr, e gwh
linked to another wvariable |Iight region of the

are appended to the end of the wvariable heavy

o

ilsfui de Cboflkde d&rrangement of Tandem Diabodies
comprising two variable 1ight and two variabl
enables the <c¢creation of a tetravdéelvesh)t (Tnmod ecul
arrangemeanoboddibeis . A flexible |Iinker connect s
Created witahndPoawkeapPtodettf9hdomk Y&Emng@ati ve Commons

| i c éhttps/@eativecommons.org/licenses/by/%.0/
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Targg Name Forma Indicaf Study N[ Stat
NCTO06114
DLL3 Tar |l at sTcaFane SscLC (Phase Recru
CDh3 AMG 75 NE @ NCTO04705 Acti
(Phase
CEA a Tande NCTO 12 8%
CD3 MEDI 58 'k AGA (Phase Compl
EGFRV Tande EGFRI | [NCT03209%
and C AMGngscFV Gliobl a (Phasel Compl
CD123 6
CD3 MGm24 | DART AML NCTO0536%Recr u
cCbi132+ (Phase
PD1 arnn Tebote Solid t o
LAG MGDO 1 4 DART HM NCT0324% Comp |
(Phase
CD328B . _
{ DART SLE NCTO508Y Act |
CD279 PRM27¢ (Phase
Tabl . e3 Sel ect Tandem s cdAvw sB iBlaHsh 0 DARITesS

DLL3: -lde&let d9 @lat:d s3ma lcla naNe=lPI@ eluwrnoge ndocr i ne

CEA:
epithelial
mal i gnRbBlci epg.0gr ammed cel-3:

systemic |

upus

iTmnc!l i ni

prost

carcinoemb@GAonadvamddd eqast roibGrRRYIi Inla:l a

gr owt h AMlcacout er encyeeplt ddiMd vllaee unkaannbil a8.g i ¢

dlevamb pe ptheiShmkige h & G

erythematosus
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VEGF B i Neoplas| (Phag2zjCompl
ANG2 B|8368nanob wA MD
NCTO0268% Compl
(Phase
TNBa n ¢ Bi NCTO5 8 2°
OoxoL SAR442nanob HS (PhaseRecru
Table3ontiinwed ect Tandem sc kAb B,

clini
refract
VEGEF: \

degeneT NEti uwomo r

cAMLtraabse

ory

ascul

ar

endot lmenlgii @lp.og ved M bhh -2¥ed tatt @egde maN G4

necrosHShi fdaatdemi alighasauppurati va

myel oid

Ho d G iPn
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Dual affinitargetange( DART)eproteins

DARTKIiug e4Bjla.r e coommprti wedFv fragments from two se
A and B), each designed to targetcodisdftsitascYH ant
chain frompaintedowWikt Mhain from antibody B. Co

fragmentnc(tund&)sVvL chai n cformdrm nariteiwbvdHhy hdai n fr om

B. Short peptide | inkers cohaotFtl tahned MWH 2c h aw hni
essehoralmantgheai appropri atle gdbmetwabnoe t Baditwp, €
effective antigen binding.ddadabditthieo nNaH | cyh aicryss t e
fragment, facilitating the formation of a di st
functionality, and mimics the natuf®al®?j A% et c
Therapeutically, DARTs are mainly used in canc

al so be configured to function esllchectpototti

cells in the treat meahl3pf &%tédi Mmune di seases

Tandem Diabodies (TanAbs)

Tand@&bgureafedt €traval ent mol ecules that p
di stincachnevgagsavidity compar.dbhleeset mohatut &lIs
constructed from tso etaxrhdemnd @akwmi fnrga g¢vthle mtnd VL
antibodies. With these tandem scFvs, the VH an
chains using short epemsurdee tlhenkWH sandl h\els ec H a inrk
and prevent the formation?30off"f%cdAbedMWiaohallO&nt i

k Da, making them | arger than Bi TEs (~55 kDa)
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t hresholpmasfsorr efniarlstcl ear ance, whi-lcihf ec,o nf o ti donutt ie
decreasing the need for dosing and i mproving p
binding sites per antigen, afwhi ciht ynthlamewegh hien an
thereby lpodsthiciyvertasl Tands currently wundergoi

Tablle3

Binanothadyd for mat s

Nanobodiseos ,known as single domai aormamadas eddi e
solely of the VH chain and are found naturall
antibodies, with a MW of 15 kbDa, about half tF
the size wsfzedpiaoali bbdbeskD&WHEnhochowieeghpdi mar il
with antigens vi-det @dreiirnicrognpl egneoan aBy (CDR3) ,
convex paratope with concaver epohoersioralaby i i
epitopes for convent®G830 rfNd i onboondoice so naarl e aanltsi db ondd re
chemically robust than mAbs, exhibiting stabil
l ow pH 1l evel s, and el evated temperatur es. A
confirmational mitzelsi It ihtey rfDsude mifo a dh@riaamgatnatide ss i
in their monomeric form are quickly cleared fr
together can increase their MW For exampl e, C
cr e atnea nao bboid y (FpugaedDllo.r fmaci | it ati ng |l bingrekicihéd d bi
in ciréuTP&btliconlli 8t-sasomedibés that are current |

triues.t o theirtr uni que charexpleariesd ifcor nanwbd
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therapeutidnappdi agt incerds c al di agnostics, i nfe

di se’ds e

Al ternative protein scaffolds
Overview

Anti bodies serve as a widely employed bi ome
specific affinity. Nevertheless, challenges re
have driven researchers to eRrpgl omwe edlimemmati
driven 8% Méeroe®r, the success of smalhlagm bi s
antibody formats |l i ke bispecific T cell enga

(DARTs), and tetravalent tandem anf®bedi esméTa

the advancement of techniques | i ke phage displ
and i sol dtdpiaosne dofafnfoinni ty proteins. While maint
these proteins is deseradl effeheadlVaerages vesu
penetration due to their smaller size, absence
stability, and flexible engineering fWhi hdapt a
the alternative scaffolds present potenti al ac
focused on traditional bi specific antibodies.

encompas-seshgbWwebhed sysqRiegnsd@, i DA R tgis& @) iln
and the scaffolds that wAdne thidbp nesxiyfdFddoinbeesd i inis ) t hi

(Fi guBA IAfd i b(eidg eBR.o61 %7
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Figube Ex.ssmpl al ternati veTthea oaletienr sactaiffeol gdrsat ei r
or ange rceaprrteocsoennt ati on, while their respective
strudjBmrgeisneered 10FNn3 in associati odi wdt hgt he
domai n ( PDHB) ROCIFbhody mol ecul e bound t o t he
(PDB: 3IMQW)Anticalin interacting with t-he extr
(PDB: 3BX7)Designed Ankyrin Repeat Proteins (D
phosphotransferase (PDB: 2BKKet °°fli ghuireek aemape e d

number: 5798400315587
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Anticalins

Ant i calsimmd | ar epnrgo treei@r®e dkeDrai)ved f F bmo maltiumsa
(Figure, 1wiki pGhewaleent small proteins in®héman p
Since anticalins are model ed aftersttriigbnader et ur
structure, preserving the st%@biAt theamepefoledidn
b-barrel, four |l oops akin to the CDR |l oeps in
affinity binding. The structure of these | oo0ops:s
within their bindengppotkéns, bowi abgsool ahe | oc
them to target a variety of mol ecul es includi
making them valuable both as therfPapPuti%®i ¥dgent
smal | size and high stability also make anti ce
formul ations, enhancing their versatility. Un
structure comprised of & gilyglosypaltypapt iwthe cal
expression in Addkaitplmdy ¢oyasry shemdevel oped as n
or fused to other anti-onl monstospaditilfibéddeafstt ol
anticalin to enPBR850l (Anhgabcatiddi whi whstargete
growth factor foeceptart */cBEBR)et uhems sever al g

entered clinicTalblteeslt.i4dng as seen in
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Tar ge Na me Form Il ndicalt Study N St at

NCTO035 7%

El ar ek (Phase Comp|
S PRB60 |Ant i ¢ Ast hma
| 4 R Comp |
(Phase
NCTO 33 3%
41BBnd  ppgg3 |antiq HEB so Compl
HER2 t umor (Phase
. PRS8 44 ]
A Antid Solid {NCT0515% Recr u
S0950 1 (Phajge
NCTO 2 4 8%
Abicipa (Phase|Compl
VEGFA MP0112 DARPI wAMD
AGNL509 NCTO0248° Compl
(Phase
CD3
CD70 MP0533 DARP | AML NCT056 73 Recr u
CDh123a (Phase
CD33
FAP 2 MP0317 DARP|A9V3NCeINCTO509% Ter mi
CDh40 tumor (Phase

Tabl .e4 SAIngdtcal i ns, DARWo mosh (oA derseomnteicrids ns) , and
in clinilda®Ri nrewrd sukdc eptHER2al fhluanan epi t hel i al
recepRErl:2.progr alnmngaW HICEHa.t Wascul ar endoA.hel i al
WA MD: weel aged maculAavlL : d egeairt eer aniyieddB.i d f | bu k b mh

activation protein.
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Tar ge Na me Forma I ndica|] Study Ni| St at

Taldef({ Adnec S MA NCTO05337 Acti
Myost Al f a (Phase
CvD NCTO 47917
Leroda (Phase| Compl
PCSK9 Adnec HomOFZH
LI BOO NCTO4 7 917 Compl
Het er o7
(Phase
HS NCTO470blg
_ A (Phase| Compl
lu7A| 1zokilf AFFID A S Act i
. INCTO0590815
Uveliti

(Phase

NCTO05538 Recr u

HER2 | [18FGE226 | AT T I bl HER2+ ¢
(observ

99mTec Affib NCT05203 comp |
HERZ | 7HER2:41071 HER2+ 1" " phase

Tabl.edont i n ®S&dneadtcal i ns, D A/R PM onnso, p BAddbneescntei cntsi ns ) ,
Af fi biodi e$si niIMA: tsrpianasl. muskRQSKI: apromprhgt ei n
subtili ®in/&¥Rin car di ovhHosntouzlyar FH:i s dasn®.zygous
hyperchol esterol emi a. Heterozy FH: IhRletArozyg
interl edBi nhiLdAadeni tis suppur atxiisspdo.n d®yAarpgsharii

HER2: human epitheli.al growth factor receptor
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DARPi ns

DARPIiFnisgur e, 1lsibd®tsi fgmred Ankyr ianr eRedpeeraitv ePdr ofti
the ankyrin repeat, one of the most ubiquitou
made up of wunits called ankyrin repeat wunits,
anpar dhleéli ces cobtment.ed hley emds of these repea
engineered to bind with hit!ga8iafifliami ty amd is<médd
of fer several advantages over i-amiecgl oleubprosy
versatility in therapeortygggusgateandmpasedeto
agehisDife to their small size (14 tmpollyeklpl)ene€
gl ycol PEG)ffusadduimmnting muslttoi vealtemtd isfcaaafiffroarl hdaol f
appli é¢@t i'nsdiARIPhase been t esstTeadblikeh nic.f4 el dal st

asncology and ophthal mol ogy.

Adnett Moa dlFodhy onectins)

Adnectins, al so Enagwn eadtemo® Mmbestdi exst ensi ve
alternatives to i ninmuensoeg | prbaitl @ inn ss catrfedn @ thd shi uvneadn
fibronectinwHopmhdays (FN39gl e in cell adhesion ani

mat ¥’ xFIN8 was chosen as the fodevdaltopmant sbheaual
its structur al resemblance to the variabl e don
of t wpoaraaltliel beta shkeeke $§bDrmchgra.sandwnehend
there are three exposed |l oops akin to the CDF

di versificati on parfofciensist yt hbaitn deerresa tteds: shpBegchizt i c
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significant diabnhihbotdpynabet wéeact he beta sheet
bridge that typically connects them. This abs
assume various opti mal confirmations. Such f1 e
less accessible sites on target mol ecul es. Addi
t her most abidtihtey l|ainkde|ri ehdobtde 6%°u Bgtga retgiaali omr.ogr e s
achieved in | everaging Adnectins as alternati\
compl eted Phasd@aBl gl Andcaleveranbal thers in pre
di fferedt 2uritgggeas Ids on an adnecti nerigli by ed ec!H

in the Wagner | ab wildl be discussed in subsequ

Af fibody

Af fi bodi es ar e beansgeitinhceshondf irpirioe ei mmunRrogl obu
binding region of (Bitqayprhd: IHid.cs® cdBoaria i pnr obtSe iannimMpP D i S €
acids (6.05 gkebDa)zeldundltew, aarmdkelliacks disul fide b
recombi nant Epc obhinadt isosmotiiledss s hegpti de ?ynit*Hesi s
Af fi bodies are durabl e, capable of enduring ch
tracer s, wi t hout l osing their binding capabil
penetrate sofriagidliumoomehtheddbrl @odstr eam. Howeve
i s benefi-cdrmtlr &sotr thi geh dritwaegdi ngs ou soipregs 2P | ow r
131. Flg¢ applications requiring prolonged body r ¢

vi vo i magi ng -laipfpd i exattd msnisgn hsatlrfat egi es are empl
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in therapy, i magi hgh!l hdBuédtleehndlisguséi on o

targeting VEGFR2 developed in the Wagner | ab w

Had i fe extension strategies
Overview

Researchers havdowseelobg@ads,ordrawing inspi
traditional amtnith ddyandde ralvtaen watsi, ve pr oatreei ns.
increasingly vital to the biologic port3wolios
13However, many biologic constructs, particul ar
suffer frédmveborfThhal rapid clearance necessit
doses to maintain an eff ecitniev,e ptohteernapieautliyc | cece
patient compliance and!®HiAndPdnits hoenda | tHryigfadgamiesriid ried
a short therapeutic window. Where the effectiyv
and other adverse effects necessitati®*i’g preci

Bi ot herapeuticl iwedh etxayeynwiedhihml fthe therapeuti

efficacy and safety. Several mechani sms contri
clearance, proteol ytic dengdroacdyatoisadn,. amd riencse pa
clearance threshol d irt h5i0s kaDae; qpurioctkeliyn se |sinmmalnla

proteins aré?’redtas mgeue ntolngerstrate€gives havexbe
i mpl ement ed. I'n the forthcoming paragraphs, W €

|l ives: fusion with Fc fragments, c&hpgpu®®at lon t
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A) B) 9]
Bivalent Nanobody
aTNF-alpha aCD3 aCD123
oCLDN6/aCD3 BIiTE {—1—\ (_1_\
/\%r,anobody | 4 4 | 4
Fe aCD33 acD70

AMG 794 Ozoralizumab MPO0533
Half-life extension Bite Bispecific Nanobody Tetraspecific DARPin

Fi g6 e Hlail ffe ext ensA)AMGS 4 sabeibfeek $e.xt ensi on Bi TE
of UGlnDNBCD3 BITE conjugatBedHBNt®1ada, Fa rreigspaci f
targets BCMA 4&WBD CtD8B iwn d-the ®@smeMR Q53 3hailsf a DARPi ¥
at four antigens (CDanpd@Pi3@y s CPRULI2B3i, mamidz&Di7r On , t

Il i fe i nCrtehaet ebdodwi.t h Bi orender . com
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Fc Fusi on

The neonat al Fc receptor (FcRn) is a hetero
MHC | reaepti eor sexpr @ée ss@dneidnudi ng endot hel i al C ¢
epithe]amd adehndmrsiRciken cperlilmsar i |y functions to r

al bumin, playing a thheocmeds traoslies idnt®: mrfahfenstea ignri ont
i nstrument al in providing passive immunity to
of fspring during or shortly after birth via th

grants the newborn ttempnofreacrtyi oinmmuunnittiyl atghaeiinrs i

develd’peldPlnltdddition to its role in i mmune fun
from degradation. At the acidic pH of early en
| gG. This pH dependent interactionlpsesemes.t
Il nstead, they are transported to recycling end

are released at a neutral pH. Thi d ifecydl ilnggs
two to three weeko,dybdi pt B d?!3*f athifsmisltagridmnyn a Rt cit Ron

al bumin in acidic endosomes and recycl-leisfet ba
by about three weeks. This recycling is vital
which is essenti al ufreer aparde sperrewienngdf onnit fogt di ecin @prrte s
note that Il gG and albumin bind to separate ep
bet ween these mol ¥éalvesafjongbi hdi kgowl edge t ha
bind to FcRn at l ow pH, researchers have deve
protein scaffol-disTa( .x1khlids tdhppmroaalH fhas been

various bispecific scaffolds, eAatantd ndg* their
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Tar ge Na me Formatf I ndicg Study Ni| St at
. Bi spec
Vo vz LAVA20| nanobaord{ MCERPC NCTOS?E Recru
and P ( Phasté
Fc fra
Tander ) 4 .
CLDNG®6 AMG 79 scFEyv BlSolid NCTO53314 Act i
and C (Phase
Fc Fra
Bi spec NCT0376 Aot
ctiv
PBL afn Lorige.l DART sAodIV'adn (Pha’s'e
- i
CTL-A MGDO019 Fc fra NCT0584Recru
(Phak‘é
. . Two UN Approve
TNR Ozoralil Nanobo RA Japan N/ A
HS A TSL52 and HS
. 2022
domai
DLL3
DLL3 ’ 5
HS A HPN 2 8 and C?[ NCTC:14437]E Recr u
CD3 domai SCcLC (Phase
DLL3
BCMA ' 1 .
HS A Hpr17| and CO RRMM |NCTO0418% Acti
CD3 domai (Phase
CDH3. Trispe|l Col or ¢ 5
MSL N, AMG3 05| Tandem (_jan(;eNC(TF)OhESaSSee(j Recru
CD3 Bi TE
PDIl a Tetravi APDA IycT05145d act i
CTL-A KNO 46 2 by TNBC (Phase
nanobo NSCLC
Cabli A rove
Capl acH Bi val ¢ TTP pp54 N/ A
V WF us
yhdp nanobo Thr omb 20109

Tabl% SeHlekherapeutics in clim$MAa:l psrpeadlissft iexcr
membrane antigen. MC RPeCs:i smeatnat s t parLdsht6act ae€ t caaantia eori
PDlL: programmed ceClTL#Mleatht proxiec nT1ll ymphocyte
TNt umor necrosis factor alpha. HSA: Diluman ser

delta I|like |Iigand 3. BCMACceB malmat ceRRMbOonngnta
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rel apsed and refractDHByc aBinletr iNnl. e mByocatPrDeiai. n .
advanced pancreatic duct al adenocarci noma. T NI

smal | cel.l VYWmhg wamcWirl |l ebrand factor. TTP: t h

Al bumi n Protein Fusi on

Human serum al bumin (HSA) is the predomina
for about 65% of alll pl asma proteins. I't plays
is essential for regulating fleld, mandmeémt she
pl asma pH. HSA facilitates the transport of

particularly those that ar &2 |@émsposeldubdfe ansi
pol ypeptide chai BAos m&8i5nlaynUnel mceaise whli ch enh
its flexibility a#fhdfetabi F3t weeHSA lasgua ahalon
weight of 67 kDa, which exceeds the threshol d
nature helps prevent its filtration by the kid
life is its abependgento mendyea lgicd gFrihtetdh eart neodr eb,y H-
tends to accumulate in tumors and inflamed tis
small therapeutic agents to albumin for target
HSA fusion has bateagy mpd oegleitdfeeado ftahssntdrlall dr mol e
moi eti es can beenmitebmid Cus, tbe Dot h of HSA d
specific chemPcaiAndW®mjeu g atpipam.ach involves usi
covalently SAhtaclicévedtihy Hgenetically fusing o

domain (ABD). -Ma8IDi xi spraotehmeevei ghing 6 kDa,
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al bulmi*h S'é¢veral therapeutics using this stratec
clinical tefTabhg,1a5 | isted in
Mul tivalent Protein Scaffolds

Mu lvtail ency refers to ai molecplebsnbabriactiyohs
by having multiple copies of a binding domain
targets. Tarmrevp emdamema nat ur al bi omol ecul ar int
multivalent interacti dodnlsntfiolrodcieds laitkea clhgrne nan da
four and ten binding sites r edpadteipweatyi,n galsoung
units, al smuldeinwaiis@nmmeayt et hough individual bindi
we ak , their cumul ative effect can significant
simultaneous binding at multiple sites. Resear
to exthenlddlef of smal | emi tmdgllactacp il @ s c lamar amce of
scaffolds M&#mlthemebodwti on involves construct
domains of the same of different proteins | ink
enhances their pharmacokinetic pr opefrotri ersenaal |
filtration and prolmady .t A@uit'tlicmeciuzadi mol ¢ ¢ mle
designed to be monospecific, as seen in diaboo
targets the same antigen, thereby iimtcerreddcstiinogn st.
157. Ph'ey <can also be multispecific, capable o
simultaneousl vy, which is particularly benefici
involve multiple ab¥%fr a%tabt?elginsaatld nge wertarlwamsl
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scaffolds currently wundergoing <clinical testi
mul tivalent Dbispecific construct deaslkemédeidn

nanorings (CSANs) .
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Part 2: Clinical Uses of Bispecifics

In 20170stappHA®mbiebhw & i Kkxnydmbs a significant
mar ki ng atptpe ofviat stof a bispeaintiecoasticbodytfon.
approval, the scope of research into bispeci:
examining their effectiveness in treadeiMigs auto

163, Bfspecific antibodies are uniquely designe

antigens. This dual targeting capability was
i naugurfraplpridMdd whi ch tfaelill iitmttersactaildn "86f T ce
The successful dev(eb loipmaetnd moonfa b Bl idreampotns t r at e d
effectiveness of bi specific antibodies in cli

focused on their ussesel@nc®amiclearr |tyr, e aHbnael nidipmpa o v

( emi ci-kzxuynganbc our aged further i nvédsAb giatdammoeari nt o
contexts, driven by their enhanced specificit?
ability to target mul?ti giHe s aseicgensn dsi nclusae
t herapeulisiAbsysesicofmpassing cancer i mmunotherap
infl ammati on, medi cal i maging, and drug del i v
therapeutics and those currently under <clinica
Cancer I mmunotherapy

Cancer is a complex array of diseases mar Kk
to cellular changes. These cell s imotadenlayd | mrce

ti ssues and di sseminate to distant patfs 19f th
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Cancer remains the second | eading cause of dea
annually. Despite medical advancementrelauwerd th
deaths isipco¢ées®®destpmwenysend traditional treat
chemot herapy, radiati on, and targetededpeng de

understanding of molecular and cancer biology

i mmune saytsttaecnk tcbdh et makl ¥y s.the i mmune system i
abnor mal cells through a process known as i mn
devel oped evasion strategies, known as i mmune
of ant irgeesnssi,o ne xopf i mmune checkpoint i nhi bitor:
substances, and t hcee Fi%hsd UTéntetrdenf poefe eraeg gcuhlea tso rhya v e
met hods to strengthen and harness the i mmune s
bs Abs, a type of engineered protein designed t
commonly wused for T cell redirection, are eng

tumor associated antiocgdn, tiifndneirtlaicata teinnagb Ide sr eTc tc €
kill tumot’Toié®l approach has been validated wi!
bs AbBabl ¢ an#d is further sup@loirniedd bbbyt gniudme& o(u s
addition to these | arge mol eculbeAlh ftthremat hh,ass b
Bi TEs, DARTs, -MTamadlAbdi esa.ndTthese small er struct
manufactured but also enhance tumor penetratio
their ther ap’euB’@xi dest ent cabb Absr edi eeatlison,engi
simultaneously inhibit two different i mmune <ch
1 (-P)D and | ymphocyte -axtioatbbockgenwo3dg(awwGh f

HER2 and(T&lkEIR® 1T h6i s dual bl ocking capability
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mechani s ms and suppress mul tiple signaling

prol i fedr até oln”

Chemi caddsyembkelldd nanorings

The Wagner | ab has devised a biwapeseimbiedpl
nanorings (CSANs), whitahl hoti noelrwwcf Bonki bates
These CSANs consi st of monomeric @traodei @z \max
(DHBR Il inked by a singl e-talrygecitrien,g dli agragy dwidtehr i avr

or an alternative protein scaff ol dme tUpootnr etxhaet e

( b-ME X) , t hese monomer si cassiemidpd et o nf or mc mame i
CSANS&. PY®viously, it was demonstrated that a 1
one modi fUC®O® Fwicitchr ah cel |l binding and the other

in a stochastic miEti gu@d.ecolli.milspricy fi molCESANsc i f
created by adding only one targeted monomer. T
the rati?canffeDélF Rmonomers to generate CSANs wi
cel |l W tE'atiltiyeer versions of CSANassacgated &DS8i
(TAAs), including CD2H3,, EBpCGAM,f BvhFR,h amad eB7 x hi

medi attedlmamtaci n vainign bicit g8
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‘ DHFR Bis-MTX
' aTAA + —_——
ﬂ! acD3

aTAA-DHFR?  DHFR?-CD3

aTAA/aCD3
Bispecific CSAN

Target cell

Kill

" Activated \

PAR Tcell PAR T cell

FigaTlT:e Bi speci fic CSANs cdmr eblel usnetde rtaoc tfiaocnisl ibtes

and TAA expresseBli someCBiAfNisce ar eef bsmed frrom t wo

monomers incorporating targeting el &meXnt 4 hfeus e
t wo monomeric proteins oligomerize to form bis
T cells and cancer cell s, laoyceodnb iwiatthi oonn eo ft at rwgoe

the ot her TAA, mhx éMiTXi.n Morkolerat iCSAWNISt can be

treat ment with trimethoprAdmptrde aftreadm wand rBa o

per mi ssPetine festidlgpyri ght 2024 American Chemical
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Tar ge Na me Formal I ndica|l Study N St at
PBL an AK104l retrafyAdvance Approve N/ A
CTL-A Cadonil| Pispe tumor{ Chilh%
(2022)
EGFVR 'SGNEGFR1 nanob AdvanCB|EI NCT0598 Recr u
Vo Yuz and H t umor | (Phalsé
LAVA22| fragm
2+1
CLCDDN36 Xmab54 bispe{Ovarian| NCT0627 | Recru
antib (Phas’é
NCTO059 782
: i wAMD Phase
VEGF 4 | gj3qg| Bl spe ( Recr u
compl € antib DME
NCTO0540% A.y
(Phase
VEdGFAAl | BI 32 B'Stp.eb DME |[NCTO0548% Compl
an anti (Phase
NCTO055 183 .
DLL4 | CTY009 Bispe BTC (Phase Act i
VEGF A antib ;
ABIDO1 MCC NCTO 4 4 983 Act i
(Phase
Table 1.6: Sel atr iddlueriagelsitinncdind atringn or compl e

triRbls programmed c €ITIL-Ade atyh ogroxtieei M 1.ymphocyt €
4. EGFR: epithel i &£IL DiN6o wi iV &fGaFd thosra srceud eaprt eern.d ot h
facwéaMD: wagtel aged macullME: dedyieanbeertaitd omacul ar
VEGFA: vascular endadNBG2!l i ahggbolpLedi: b tdfeshchBanri cAa.le

Notch IBiTgCandid.i ary tract cancer. MCC: metast at
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Targe Na me Forma| I ndica Study N St at
NCTO56 4°d
17 A csonEIO,Heteroc . (Phase{Compl
|1 7E ALX 7 6] Ev Psor i g
M-1 095 NCTO0532% Compl
(Phase
o NCTO0O375 c |
; steoa Phala omp
NGF a| o, 73 Bispec (
TNB antib DN Compl
NCTO0467
(Phak’é
. o NCTO51 3%
Lutii i A Recru
| 1 a a (Phase
b | agme1| o HS C |
NCTO6opg ~°0MP
(Phase
NCTO 49 9%
; Phase Recru
PoL1 | °°Tenmod RAAIOTE oo
nanobag lRecr u
NCTO4 4 3%
( N/ A)
NCTO418°
PBaNOTAl g yio) | N2CEC (Phase|Recru
cb206 AndMMR nanoboBreaSt
VHH?2 MelanoNCT047598 Recr u
H&N ca
(Phase
6 NCT39 224
BaNOTA padiol (Phase| Recru
HER?2 AnHER?2 nanoboBreast
VHH1 NCToOo338g0g Recru
(Phase
Zani da Bi sped
HER2 | Zovodo P HER2+| NCT03828% act |
(ECD4 ADC cance (Phase
ECD2) (ZzwW9)
NCTO®6 122%
: Bi spec Phase| Recru
HER3 4 BLBO1D Solid (
EGFR ADC Recru
NCTO59 2%
(Phase
) Bi spec
E%&ﬁ‘ AZD95¢ Solid |[NCTO0568% Recr u
¢ ADC (Phase

Tabl ec oln.t G: n uSeeddtehcetr a p e wtairci soluifsmir c al siinn da ncgaadii nogn
compl eted

di abeti c DWeDur odpuaatlhyv.ar i abl e
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PDL 1: pr ogr alningeadd Sd08la.t ramma | | cel l l ung cancer. H
neck cancer. HERZ2: human epithelial growth f a.
HER2: human epitheli BGFBRrowpht hatt alt -YMEITwphof a

mesenchymal epithelial transition receptor

Angiogenesi s

Angiogenesis refers to the formation of ne

vessel s. This tightly controlled process is i
angiogenic r egumaattcoormsp,0 neexttrsg c ealnlduleanrd ot hel i al |
mi cr oen V2%t othbriveenvte r , an i mbadmgicceg elna tcweaemd amrtd a

factors can trigger a range of angiogardifdé¢ cdies
vascul asruicqhataisonmyocar di al i schemia, woumrd heal
excessive vascul ar gr owt h, which occurs in col
and rheumatoid arthritis.cTetcaurgerachavbebee
target and mani?p’ull?®é teh ea nogd mtgeexnte safs cancer, angi
in enabling metastasi s, tumor gr-2amofhmeqandesur
angiogenesis f 8% Th%& tvhesc wlxgrainzsdatoinon process i
attract nearby vessehbhsgibgenommgmdgebakcbiaet of
bl ood vessels often display high disorgani zat.
drgws . Key contri but orwastcoul armg ieongdeontehseilsi ail n cg ruodve
(VEGFR2), vvausGRR&pot hel i al gr owt h fdaecrtiovre dA g(r \OENVG

factors (PDGF), d@mdsenffaopoi &€t anantt acfgedamtdi i or
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angiogenesi s téhéelSppeitficaddegnt $he dual target.i
antibodies allows them to bind to two key grow
effectiveness and reducing thhAbki &€ahi bod oddwn
pat hways simultaneously, minimizing the chance
alternative pathways for angi olggseArbe sH asrsivoiaora bi n
(Vabysmo), targets boe2 h( ANGSEfAe aetnidv ealnyg i olpmd ke tti M

signaling pathway% *BeydWnd edamygen ,umongi.ogenesi

l eading to ocular neovascularization. This pro
of ten |l eaky bl ood vessel s, whi ch can | ead t
proliferation, retinal det adhmegt ,i narnd srieotni r als
Conditions | i ke edancacidt imarcaullairk el egggemer ati on (Al

(DME), and proliferative diabetVEGFAti anopasthyn

treatment approach for (tThadd e2d6l ar neovascul a

Aut oi mmuwurfd aammthtiory conditions

Cytokines are small, secreted motlheactulpelsaypra
crucial role in cell signaling.,They fdwemtcitnlgeicre
through autocrine signaling on originating cel

endocrine signalbli®n®h%ne dmeslteanul ecseldxshi bit red

cytokines inducing similar functions, and can
produce more cytokines. Integral to the bodyods
infl ammateipom soé ni nFléc C¥ oo ki nes are geamseral |y c
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i nfl ammat o4 nf lammmaa retaig h t pypayjrnogl esiprefchdonmat or y
cytoki neisntsairedlhef(@)di ni nt er6l)gu kiinal éa-{(Blulknd t he tur
necrosis facl)pr omdtpdhai (fTINEmmatory responses,
infection 26rCwhyer siebfylf @@mmati ory cytdli-f@ek, | i ke
transforming gr ebwit,mt & radc e(@kl Mman & -I(3TtEEBr 1l esuukpipnr e s s
i Mmmune responses, prevent’?imibql emcessibee waeni pa

i nfl ammatory cyt dkiiervees prca@aducHenabch a bodhat pr g cCyt

exacerbating i mmune responsefheumatot di mmuhei to
systemic lupus erythematosus (SLE) and infl ami
ul cerat f?2¢e ?2&dVdnné¢esment s in protein engineering

bs Abs, awki crapabl e of binding to two distinct t
autoi mmune and i nfl ammantoo rdy fd iasfeaadnensa toyr yt acryg eot|
even two of thet sasneerclydmdkiimg their effectiwv
responA@di bsiobnsalclayn, bind to and bl ock multiple
to alter’ s?8gifa’bi lgi.lbstBsbdse si gned to suppress ex

producti on

Medi cal i maging applications

Bi speci fic vaentsiahdodieesnodreeul es capabl e of b
si mul t &h%hoeussed ymol ecul es can be engineered to h
trispecific, tetraspecifit’Thos adapt mbhnbdbspgcit

their use beyond therapeutic applications to i
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the noninvasive monitoring, analysis, and quan

cellular and molecular scale 2wDvé&i nndamlayns3 adé
various imaging modalities such as positron e
i maging (MRI), and fluorescencandefhlaget isv a nii ma

advanced our under st andi .nTgh eosfe caodnvpal necxe nbe notcsh ehnei |
detection of biomarkers, thereby accéi® Y ating
Nevertheless, the challenge in molecular i magi
combine high tawglkackgrecundcinyerfenefdemp and
i deal pdrdxthd bwau strong affinity angdpepiefti ¢i cpt g
and efficient caPispeaciyf ipermeladilli ¢éy. enabl e m

specificitWMofercampagensariants oBi PEspaeondfibt¢

nanobodi es, as wel |l as those constructed from
DARPj nall ow for better accumul ation at the t a
penetration into tumors, improving the contras

the time between adffi BixRatmpadteisomfarmsdi cihmangil eg ul ¢

are deTabledli

Drug delivery

Targeted drug delivery techniqgues | everage
oligosaccharides to administer cytotox?®%t drug
Monospeci fircecaongtniibzoedd efsqgr t heir high affinity

effective t a%Tgheetsyengt caxgiemtagent s can be direct
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ant i btohdrioeusgeha v ab |feorIimimligerasnt i body dUp@gn cemt eirgian (
target cells and wundergoing intracellular deg]
cytotoxi2é® pfdweoad, the chemical processes use
antibodies can modify their sttrhueatebrye raendd cd ing
binding effici edrrcoygn jMog esddewsavrh alviekti t ed success i
particularly with patients in advanced stages
As an alternative, bispecific antibodi’eg®**( BsA
When coupled with ki mediofadic u g mte s diAyEdad. €

format of fa&d\sa minagee ooucsAD LR al BsAbssd¢e arget two a
they enhance the specif-iaiggt oéftdets hehapycdu
ti seuasi al when | inked to cytotoxi e apayeltoarhsy.

more effecti veneyouasd diruenscsr sheared ogeecr easel’t-h&34 1 i

Bs ABHsseon hacmeclel ul ar i nternalizati on odvetrhlea pnpdlnegc
epitopes on the cell surface, a phenomenon kno
receptors and intracellul ar traffidlkismg omal hv

traf f2fc 8¢ ds ABC are currently uwmwdemgaiang teliiamisg

whi ch ar e dloachulnee nlt.e6d i n
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Part 3: Concl usi ons

I n conclusion, the field of bispecific ther
its inception nearly six decades ago, as pione

scaffold capable of bindimgl ubi ¢ wiozead samnmnicl od)

technology and concepts, | eaving a profound im
of antibodies and their components. OQur compr €
of novel s chaafvfeo | sdisg niwhiiccahnt | y i nfl uenced cance
oncol ogi cal applications. The diverse array of

progression of technology and the evolution

Strategies ai mdd fat uaxdteersdiomg hdalef phar macokin

successful bi specific therapeutics.

While much of the discussion in this chapt
cancer i mmunot herapy, researchers are increas
Scientific endeavors continue tbeeepageebinspet
unraveling the utility of each scaffold type t

Her e, we present our contribution to the f
results reported in this dissertation detail

mul timerized a@rdeuiseadl Ityo mmoodni fiyactihlei-t@aéelkl cebt

i nteractions. I n a section of this dissertatdi
developed could be used to redirect T cells toc
could increase the Weewelmoobktcgtedox bEeGRRt he i |

fibrondé@b3 ns @afnd o Astcoa ft fheel M HEFIRI ows t he formati on
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protein capable of acting-meidi eatae dBit DEdambltgc uloe
Furthermore, when incubated with our oligomer:i

rings that are-neldi atecap abhitaapttpEx i 1@i d e/l I(

Subsequently, we -RPhiPE®Be &S®ANes tsemofli EY | i
bil ayers (SLBs), i nvestigamodigf ihedv Bi Icaey drss ewi
response function experiments and single mol ec
t hatDHEZRKED3 CSANs not only adhere to the bilayer
the stoichiometry of thei CSApPIBowabl|l edadhiiceg, use

was an aver aeFROD3 thoreemeEns pnet he CSAN, alig

presented in the preceding chapter. Finally, w
densities of CSANs, the maxi mal colhapt)ear 8a r
We investigated an alternative application

to theérhioodarrier for the tre&aMB@MR2 oGS AHsT. |
Al t hough we initially pursued t waodisntgr autse gtie sac
WEGFR2 prenylated CSANs as our new strategy.
HSC modification without dependence on anti g
VEGFR2+ brain endothel WEGBFRWglpaeadi CBANSt Wat et
of binding +cceltlhd iMMEGFARRETFO WChea pH)RCsF4(nal |y, we

future project ideas that make uGlamptfen h®e pr ot
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Chapter 2: Desi gnChBraduetiant i e
Duallargeting Monomeric Prot
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I ntroducti on:

Epithelial growth factor receptor (EGFR) as a
The Epider mal Growth Factor Reeeppbor (EGF R
kinases and is expressed in various organs, pa
EGFR can be activated by ligands such as Epith
Fac-Albpha-U)aIrtG ot hemg ,t e iiggeeudti on of sever al

JAK/ STAT, RAS/ MAPK, a’id KRt 3K/AAKDMhmMMOOR.t hese c:

signaling cascades is pivot al to various cel |
proliferation, and motility. Additional met abo
t hrougchanmdmcsi gnaling in response #t%3 é%fvi?fodni
Dysregul ati on i n EGFR activation can signi fi
progression, often arising from upregul ated ex

mut ati ofnrsamershinft del etiokspaaktdc PPWEGERt?FT ns |
dysregul ation has been implicated-simal Vaceblusl c
cancer (NSCLC), triple negative breast cancer

prime t arpeatcefrordraimt*ide’i%e |l opment .

I n chapter 1, we expl obriesdp étdhiefr iacgd & intiiccad , apoapr
in cancer i2friumeont htehem pogver expression of EGFR
has become a target of interest f o' t*Re 2%dev
Amvi vant amab, for i nstance, i s an FDA approve
mesenchymal epithelial tran®?tB&fdnorftascthoarv e( MHTs
directed towards | everaging the patientds i mmu

met hods | i ke bispecii 85°TEsr$ i s ngchhgaeiws véab hiJabbsl
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fragments (scFvs) connected by a flexible |ink
ot her binding to a tumor-taes$bciatedaaniobgsnpet
cancer cells. This prexifrortm ad liomwsunfe cxgydaspde

and release cytotoxic granules, *0ul1?i mately cau

Despite the promise of T cell redirecting
One I imitation is that these biological constr
their small silzief en eecxetsesn’$Adodni hsgtorhaatl efgyi,e sc.oncer ns

i mmumeedi ated toxicities resulting from excessi
cytokines. This can trigger the recruitment of
and potential cyt dkianlé ngel ease syndrome (CRS)
dysfuncti dh’sAdatntdhdrevaemrea of coams®oOi atsed mmawnreo |
syndr ome (I CAN) , whi ch may mani f est as conf

encephalp2&t hy.

The use of -&deeinkblaé d ynariCfaincees f or EGFR

As an alternative to current T cell redire
mul tivalent bispecific prastseimbl| sada fnfamlod i malsl € dC
facil i-ttoaetlel cierltler acti ons. skrevi CSANg, twe rexdp Ir
EGFRancerFiogazr)d3Th(e EGFR targeted CSANar geotned st
fibronectin thattewars niies?esdaf OHFR®d®HERe dT h E §
monomeric protein was dohdRanand niormea ik: T rroateii m,

devel oped in our | abUT Xugiond otrhme mull it g oFadgreimzee rb i s
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2.2 .A EhGFE/D3 rings exhibited selective cytot .
expressing varying level Fuot hEGmMBrehewheastedt

breast cancer model, the targeted €©€SANs were ¢

E1-DHFR? DHFRZ-CD3
aE1/aCD3 Bispecific CSAN

I Target cell

Trimethoprim

Kill

PAR Tcell

Fi gwr.el Bispecific CHOAN®Ndc oDHOMDRA i mgn &her s, red

! Activated |
PAR Tcell

T cell s ttheei i hi hgatote EGBR+addnogr boehl snonomer s
the presdMhX(E1UBD3 bbsspeci fic ThAsNs CaSrAdNsf tarme ¢t.o
with T cells, leading to the generation of pro
T cells are then capable of specifically targe

be dismantl edi tihhomugh the adf€tiehitedi avi t hi Be tolh @}
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Adapted from and r dproimn tPed tewElolp yme rgrhits 2i02mM A m

Chemical Society.

The production anEGPREDIT i bas peai foifc trhiengs
expression and purification of t wo separate ¢
particularly when conducting ani mal experi men
characterization and evaluation to ensure thei
process, we aimed to cr eiihreg at wmitqaureg eptriont e i el &
DHF?’R This monomeric fusion protein, with its d
to two different antigens while (Fegafi i BVWe2t Be

hypot hesi zed gtetdatngt Heaisdwanl ptraot ein could form b

antumor effncaoignm bwitRhwor t her mor e, upon confirmin
protein, it could be oligomerized with a sec:¢
resulting in the formation of trispecific CSAN
chatari ze, and assess the functionality of a

name e DHFRD3Fi(gureg .2. 2 B
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A)

‘ DHFR Bis-MTX
+ ——-
' aEGFR Fbn (E1)
!Ii aCD3 scFv
E1-DHFR2 DHFR2-CD3

aE1/aCD3 Bispecific CSAN

B)
b=

E1-DHFR2-CD3
Monomer

E1-DHFR2-CD3 CSAN

Fig@QrBIDHFRD3 integrates two targeted nomomer.i
traditionalo G&hAMg,ate monomers a+Md8 Xc admbigreende rian
bi speci fAVEIDHFARsd DB-BPBR monomers are evoiXbitmed 1
forUMILD3 bispecific BSABBF¥M8amwhial edual targe
monomer comprlE4i hgbbonHECDPhesahd f lheésc afof otlhde. L
Upon incubaMTiXorDEWEHC B3 bassembl es i nt o chriesapseecdi f i

targeting valency. Created with Biorender. com.
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Results:

Design and pDHFER DRI idbwaloft aErlget i ng fusion prot

EIDHF?ED3 is composed of two taripetaiffel @l e e
the sequence deslEGFRR Wwebmomachiend mamed EI1, pr
monomeric prot ei-herdmeisdws., SioniiDiBea nsétoFuvs, | yp r eavn ¢
characterized in ouer mkbgs g s3 Adided itomatt hg, Ct I
included a FLAG ntiangu sata ntdh ea NRtod rymihn wsst,i dd snteh age
protein detectiDHFPRRDhewagenel dmed iEdto the pET?2
i nto TT7E ecxoplriesd dshech aexpare i nsoluble pretein.
scale protein production, test expressions we.l
upon | PTG addition, and tPR&IEr gsaulét.sB fvelrle® voibrsge r
optimization of euwlatlwer @rodredint iexmpgs,esasifonl lwas i
of WICD8 scFv in the-DpF&DBI nwassc aefxfpaleds,s el i n t he
pell et . The protein under wenutndaexigdd tnigo na nd roch [e
purification followed by FPLC purification. As
our | ab, the overall protein yield was | ower
absence of a r erf,oltdh en gPiHEIID 30 fase weven | ower t
obtained from other insoluble proteins due to
the refolding step, resulting in a smarlelcetr fr a
protein wasDHFFHE 3 nweas &Ma-Mgzaeddveiamh&red to th

MW of 78,550 Da.-MRAnddtys isshowed atei MW rodf, C7vBh iS5cri0 L
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closely matches our theoretprcoapderMW eenspurfd snsg a rh

DHF¥D3.

B) & Soluble  Insoluble C)
L PTG PTG
N -+ -+ 78570.788 :
100 NL: 20367
90 NL: 7,087
| i E1-DHFR?-CD3
80 kDa (- i Theoretical Mass:78,550
70 kDa t 70 Observed Mass: 78,570
60 kDa
50 kDa “ r '
i 8
40 kDa . §
o 2
Gl
L3

FigarBesign, production, puriDHIFRaR3I oMo n axmedr .e vAa
The sequelHRED®rw&d designed as a gblock and c
the restr iNctainamXle oBfYDRAGE anal ysis confirms su
of -DEHIF’ED3 whi ch has aC)M@US fan7a8l.yBHKEHRAOB Eh its

monomeric form.
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Preparation and ®OMH&®aX3t eri zation of EI1

After expressEiDgFBMDB, pamiafl yitmgal size excl L
(SEC) was used to assess prbHRED3 pwastgnahyz €&
monomer on SEC and compared -DHF’RSEECC B-BEBRes o0b
monomeric -pPHBMDI3ng.78EH5 kDa) exhibited a | arger
to boeDHFRE4A8. 7 kDaj¥Ckhahd( cDAFRRa)d .(A NeDHFEA D3
was incubated wiMAX3aaequiledltentbsi ocubiase for 1
protected from Iight. Following incubation, th

to their madngreardi.B Weorhny p(ot hesi zed that the CS/#

8 monom®&HIFEDB1 proteins, ma ki ng tohuerm csoi hgvne nftiicoar
CSANs. An increase in hydrodynamic radius was
CSANs, signifying the formation of a | arger s

DHFCD3 CSANs was | ater than the typical el uti
around 18 minut-PBRPEBlAgEEaNsEnguer €&l small er, el u
(Figadrdg .CTo verify this obs-PHWFEDISoOwer @SANIMpfac e
LEGFB®E/D3 bispecifict hCOANS foarmetdr adi ti onal met !
monomeric targeted proteins. Upon co-Dp&%Ri son,

CD3 were sB&FBEX3 thhiasmeci fic CSANs. To deter mir
proteins, pr e DHFRCDO3n GShAeNsr iwegr,e Eclompared to va
(Figuba) 2Based on the compaDHRFPEED3I WSAKeI| weve

het eeoaugse mi x% umenwomerli ¢ proteins, with most CSA

and teFrgméeBs 2Thi s outcome could be attributed
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el ements on the protein, potentially | eading

smal |l er species.
A)
70
M E1-DHFR2-CD3 Monomer
s0{| M DHFR2-CD3 Monomer
M E1-DHFR? Monomer
50
404
=2
E 301
20
104
0 —
-10 r T T T T T T T T T T T T T
0 25 5 75 10 12.5 15 17.5 20 225 25 275 30 325 35

Minutes
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mAU

mAU

B)

40

35 1

30

25 4

20 A

0

40

w
o

30

25

20

10

o

H E1-DHFR2-CD3 Monomer
M E1-DHFR2-CD3 CSANs

12.5 15 17.5 20 225 25 2735 30 325 35

Minutes

M E1-DHFR2-CD3 CSANs
B aE1/aCD3 CSANs

T T T T T T T

125 15 17.5 20 225 25 27.5 30 325

Minutes
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FiglQrd SEC eval DEFRDMInmrfo rkelr anA) CGCSoANSsi r mati on
DHF’RED3 mo nomer. iB} gEoaf er MHFIOM3 E1li ng . Cor mati o

Compari sOHMFPFRED3ECSANB1IUADA CSANSs

PR

E1-DHFR?-CD3 E1-DHFR?-CD3 E1-DHFR2-CD3 E1-DHFR?-CD3
Monomer Dimer Trimer Tetramer
B) (78.5 kDa) (157 kDa) (235.5 kDa) (314 kDa)

40

B E1-DHFR2-CD3 Monomer (78.5 kDa)
M E1-DHFR2-CD3 CSANs

M Alcohol dehydrogenase (150 kDa)
30 1| W Beta-amylase (200 kDa)

W Apoferritin (443 kDa)

35 4

25

20 ]

mAU

0 25 5 75 10 12.5 15 17.5 20 225 25 275 30 325

Minutes

Fi gwR5eEIIDHFRD3 CSANs compared .tA) EMMPFED8Bndar ds
generatesemashei atoagenof mainly diBerGomnmprairnmesro,n

of -CEHIFARED3 monomer and CSANs ag.ainst multiple M

59



Subsequentl vy, DLS studies were dostducbedi b
bet ween the monomer iDcHF#&ND3 .r i Tnhge fporrontse i af wHls m
purification and bef or et etrhne satdodriatgi eo.n Tohfe galvyecrear:(

monomer w@.sl 9MiNMge26re , whi | e twhadstd . 808 2C7SFANNMU ( e

26 B) . The size obtained for the CSANs was sma
traditional CSANs, consistent with the resul ts
A) B)
E1-DHFR2-CD3Monomer E1-DHFR2-CD3 CSANs
Z g
: <
£ 50 %5.()
00 ———rrr —— \‘, ——rrr v 004 . -

0.10 1.00 10.00 100.00 0.10 1.00 10.00 100.00

Particle diameter [nm] Particle diameter [nm]

Mean=9.36 nm +0.1 nm Mean=14.48 nm + 0.27 nm

Fi guzeHydr odynami ¢ diDHR&AI 23 mdnofker ahkde CSANs
hydrodynamihik) dBEHFHEDZr modomdr. 1( N.NYBE D RHER D3I

CSANsSL4+M.827 nM) was determined by DLS.
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Evaluating bispecific IDHFR MYy and internalizat

FIl owcytometry was employed to evaluate the
DHF®ED3. I n the expeMbAMB2t3,1 E@HR4+s/ GRBu maECD3H/ EG
cells were used to EG&FRudti drdRBTbsaBiamgr e$emnt
protein. Detection of binding was facilitated
FLAG tags present in thMBpBktl ¢disn-HaSpanitfibodlyl w
used to detect the poidtwliinutsi diwhe | tead olr o daitmad
FLAG antibody was used to detteerchmFitcth&iAFLAGhi ag
approach ensured accessibility of the solvent
efficiency. EeHFRD3 omomdmeé hei ElpufBt @B Uttt hEenes
confirmed the presence and functionality of bo
experi ment, cowhec ale e hibtshdaisvoabipryd HEFRZDB1 i n its
monomeric andDHFI®3If owvams i ncEbMB2H1 WK hr MDA ng
cell s foPC.anFohbtlhoewsantgndg s-FepAS&S, AhexantFl uor 647 ¢
used to detect the protein. I n both the monom
observed bindingvitdencheed cbeyl It hseurpfraecsee ncee o f re

surface compareditg@2®e®ontrol samples (
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Ncol Xhol
n—{IFEAGTH ceGFR Fon iR IR o _TEV ] His Tag | c
B) C)
MDA-MB-231 cells (EGFR+/CD3-) T cells (CD3+/EGFR-)
100 100 =
I Cell Only I cell Only
& E1-DHFR-CD3 80 E1-DHFR2-CD3
®

$ i
2 60 < 2 s
IS E o]
2 2

20+ 20—

b T TrTT TrT T 0 TrerrT T T

40 0 o 1! A0° ] 10° 0t
Florescence (Alexa Fluor 647) Florescence (PE)

Fi gRi:e Confir BADHFARTD®f monmimedi)nTgh.e Assequence for
DHF?RDS3. Bi EMDHEEDS8 was determined by Bletectic

EGFR+/-@DAMB2 31 C€)CD3st./] ElriRan Byckel bw cytometry.
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A) B)

Anti-EGFR antibody

Cell Only

Fig8&e Bi nE&ilDgFRD3 monomer staod dMW@BR2A3NL GFR) cel | s.
represendarsl yt hceornct®)ldilsesampl eas t he posi-EGRWR cont
Al exa Fluor 647 anti bdcCjily-DHB®tDS3c tmoopaomBfE 1 bi ndi n
DHFCD3 CSvaNss conduct el AuG i Alge xaan Rlnuadr 647 ant ik

by the red fluorescenbg obstoveld mhctbscopyl S
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When EGFR is activated through Il igand bi nc
endocytosi s and then trafficked to the early
compartment, the receptor can ei tHHérPrrei dagr a
work in oufEGRB/DBebeapedi fic CdSeApNesn deexnhti be nt d oEcG/F
which is temperature depentCenbut iwassriCahi ziat e
suggesting energy ?deMéneenvter endaoacytroessiesa.r ch i |

demonstthr@$tAeNds can i nternalizé’8deéperfd® ng on the

I n the -Da& DBf, HEvle eavianeutasttepot ent i al for int
the presence of the HhefrieldDdEEDBilnlvaibnenl tehde s c af
ska ficadn yAtwes dor 64 7anNdH St heesnt eg¢i t her retained i
assembled into CSANSMTKXy iTmeulatbiedre dwimom olmies &
subsequently i mduwbhatedB82VEDENE I OAIPIl satf a3r7 f 1€ 1 H couwe d
by imaging. The internalization -®HFHED3h walkse mo
observeded aldlyed maliicaat i on of the protein?*near tt
CD3 CSANs, whifdhhrloamelkcttime Bere nbigl®dear mal i z
separate inter ndlFdPzaagtgieddH FEELDOB e rdSeNst , wer e form
combi niDMFHRCDE3L monomer-DWFRN oddewmP oped previousl!
and bis MTX. The CSANs wRkfFé tchkd@ sama uiBamaged wo
ti me. -hAdurer flull i nDERFPEBDBI CLSAINen was Elsualizec
i ntracel | uRiag2ippun cTthaet esDIHIFARAD3 oOSAMNIs t o under g
assisted endocytosis demonstrates its potenti e
formati amgoyfdDd6FE®LD3 CSANs demonstr a-DEB?RtDIBe pot e

to form trispecific CSANs when mixed in a 1:1

64



A) B)

DHFR2-CD3 CSANs

Cell Only

C)  E1-DHFR2CD3 Monomer D) E1-DHFR2-CD3 CSANs

Figaakenternal i DHFROM3INMDAER2 31 GEFR snonol ayer of
nucisdarn neMDAMBI2 B&FP cel lwer(egri emeru)b ah)edPBVI,t h ei t
DHFCD3 CSANSBHF?ED3 monoDphe+tB HF#RED3 CS3ANIs i maged
af mehour i nactu b3R70-6(.n u biatt i wans o boe thv D dH EFHDEBL
monomer and CSANs were found to be internalize

(red) near the cell nuclei (blue).
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Bis-MTX
3 e ;F@ A) GFP-DHFR? B) E1-DHFRY GFP  C) E1-DHFR?*CD3/ GFP
GFP-DHFR GFP Monospecific CSAN =) s o B
Bis-MTX
2 :

E1-DHFR

0 Hours
37°C

B)

1/GFP Bispecific CSAN

L]

1 Hour
37°C

1IGFPI
Trispecific CSAN

Fige2te I nternal-DEERID3n ionft oE 14 d BAL snPofP | ayer of

celasnwubat edAwi GPhHPF&RNnadrheesspec i § eBd n PHFRGF P

bi speci(fgircece@®)nBEFRRED3/ GFP triGcgpea@fl) ¢ mageds for
hour °Cat 3A% time 0, cetldrsgetned b@S$ ANs wd it hp IExGF &R
on their surface, indicating protein binding.
internalized into the <cell s, asswawvtihd enn ctelde bgye

l'll ustration created with Biorender.com
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EIDHFR®ED3 monomer and CSANs facivian ag@mpgtabbei

t GEILD3 bispecific CSANs

The monomer iDHFROD I rods eEmMh| d unztBiohEng as a
bi specific protein with targeti-agsedieateend sat i
Given its similarity, we aimed to assess its
with the prfoadrem.n Thme idyst ationgi city exMB82Bhent w
cells. T cells, i solated from donor derived P
generate prosthetic antigensurldauaagptdorwi t hMAR)heT
for 72 hours. I nterestingly, when evaluated at
t he-DHERRED3 monomeric treatment group compared t
24 hours of incubahowm.eByetihmeend Dhiet@dewd® n
of the cancer cells, aki DHFSR D3 etEdd D8 o MEAbDbser
Additionally, we obtElUNDe3d GSuArNtsh e rwhii ncshi gwhetrse ipnrt
onl y -hionur24experi mendtusr.atTloen e@Xt eéarhdeedexperi ment I
were more potent than previously believed, ind

observed (irepwil®.ax.l vy

67



A) MDA-MB-231 Cell Viability B) ECso of E1-DHFR?-CD3 CSANs
25 nM, 10:1 (E:T), 72 Hours vs aE1/aCD3 CSANs
1204
P 1007 M E1-DHFR2-CD3 CSANs
2 []
% 2.‘ Il «E1/aCD3 CSANs
= K
© 3 50
2 3
8 3
X 9 T
-M/-Qi -8 7
Time (Hours) log(C) M
B PBs 0 .
Protein Name | EC5,(nM) s (B A TES
[l E1-DHFR2-CD3 Monomer Interval (nM)
B E1-DHFR?-CD3 CSANS E1-DHFR2-CD3 574 3.36-9.95
B GE1/aCD3 CSANS aE1/aCD3 2.89 2.12-3.95
Fi g@QileEIDHFRCD3 exhibits the ability to induce c

an@SANor m, wisbcho niptasr abbC e UEtI DB h &TtSANESMDIB-2 3 1

cells were seeded and-wedllt prlead eas Ta cned nosl a yseorl ai
PBMCs were incubated with either monomeric pro
These PAR T cells amnte addati boofhéOt ar Et Tr ekl
cancer cells. CeMB23%iabelisywa$ ¢tbet MDAOusIl y n
using the BioTek Biospa Live Cell | matgi wgt Anal
statiisgtniicfailcasnce denoted as **P< 0.01, the*P< 0
PBS contr ol gr oouype,a yM @ERN.y zPat-%9 shjimogl 03gi c al repl.i
with technical triplicateB) Add8rle cebtlasi rmeck fprl ar
pl ate and grown as a monobHaeyevedTPBECS: sai sohd
targetos cells at a ratio of 5:1 (E:-OHFR16 hou

CD3 BERIXD3 CSANs. Cell Viabiwlaist ynomfit A4818 oeer
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Bi oTek Biospa Live Cell |l maging Analysis Syst

guanti fied usi ngyr egraepshsPiacdn Ptra osinms .EC

After confirmi-DHFKIDS 4di Ifiatcyd o ift aatEeed Tc ycted tl o X
our next objective was t o aseselsnsba ¢esd Iployttemtcorx ik
experi ment, we plated our protein at wvarying
ratio of isolated T cells to cancer cells. Upo
to generate ardese or elepsemsbiondH FRNIE3 ECSANs and
LE1CD3 bispecific CSAMpawede Lteséedstainmkglcy, we
val ues f-DHFRR®8h (BE17A4AEWMD3 a(h2l. 89 nM) Wegar eomp:
211B) . This suggest s -DIHF# D3t hies eu nfa fcfaeccyt eodf b yE 1t h
two targeting elements on a single scaffold. M

by the pr ot EEI10C Dc30 nbp asrpeedc i tiDIHE2RCIB3A Nk'se maEilns pot ent

The cytot-®OHF®&ID3y icsf deelpendent on the E: T ratio

EIDHFR D3 di scpellaly ende dTi at ed cytotoxicity in

f or ms. However, we aimed to investigate how ve
target (cancer cell) ratio might rnimpeart. tlhrei toib
we examined the influence of protein concentr.

concentrations (50 nM, 25 nM,-MB2n3d1l 1c2e.15 sn Myi tohn
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E: T ratio (10:1), we observed signiFfiigcQa2dt T <ce
AC), even at the | owe DHFFOMX B BDS i CBANEsoOear f
hosiper iFd d LRf.2eD) . Notabl vy, significant cytotoxic
underscoring the potency ODHFRK®OSe mpmotmeirne.x hli b

comparable |l evels of cytotoxicity against targ

70



W PBS B E1-DHFR2-CD3 Monomer | E1-DHFR2-CD3 CSANs [l aE1/aCD3 CSANs

A} MDA-MB-231 Cell Viability B) MDA-MB-231 Cell Viability C) MDA-MB-231 Cell Viability
10:1 (E:T), 50 nM 10:1 (E:T), 25 nM 10:1 (E:T), 12.5 nM
120 120
120
= = 100 = 100
S 1004 o = =
= o 5 o o [
Z w T . —2 z > 80
§ w i e g ® g w
2 w N zZ Z
S E . ! 8 = S 2
T L e R s e e ] 0
0 12 24 36 48 60 72 0 12 24 36 48 60 72 0 12 24 36 48 60 72

Time (Hours) Time (Hours)

Protein Name Hours

12 24 36 48 80 72

Time (Hours)

12 24 36 48 60 72

12 24 36 48 60 72

E1-DHFRZ-CD3 NS * WEkE KKK RRKN RERE

EV-DHFRECDI (o wwwn  wwen  awnw  doin i
Monomer VS PBES

E1DHFRECDS o wwwk  wwww  whwk  wwwk wwnn
Monomer VS PBS

Monomer VS PBS
E1-DHFRZCD3 |0 waws sk bk dookk bk

E1DHFRZCD3 |0 awk ik dkiw dowkk ok E1-DHFRZCD3 |0 skiw ik kk bk

oy

CSANs VS PBS CSANs VS PBS CSANs VS PBS
GET/ACD3 CSANS |0 |0 wkwk wkik wkk kwak GE1/aCD3 CSANS o wwwn  awwx  whww  wwww dwww | OEVAGCDICSANS |0 wamw  sohwn  wwwk  wwkw  wow
VS PBS VS PBS VS PBS

D)

MDA-MB-231 Viability by Protein Concentration
10:1 (E:T) Ratio, 72 Hour Time Point

ook Kok ok ke ok
[ I |
ok *’k ke ok ok ok ok
i

e ek ok ok ok ok .PBS
T 1 ’—‘ M 12.5nM
2 "R M 25nM
% 60 M 50 nM
Y 40—
% 20+
o

0-
g‘ e% '$“"
& ¥ ¥
& [« (¥
o P oo‘b
00 YV \e.
%’ & &
((Q' o &
K <
A

Figare PHFRD3 monomer, UERBBIN3 , CRANsprexmii viing T
cel | medi ated cytotoxicityMdBRB8a&scmul si wkeeecoph
a -wel | pl ate and cultured as ademoinwdd yRBMCST w
modi fi edDHWFPREMD3 Erhono-MelFFCDB1 CSANE,ICLRAd CSANs at

three conAerbtOBantN, D nisY, 12nd nM to generate PAR
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then introduced to the celll monol ayer at an E:
houb)Each column represents the final viability
meatwi t h statistical significance denoted as (
P<0.0001 with respecnreatyb QV fei gRuB SA-CRo mbtBwa ly by

ANOVAi gur B)fdl122wed by Dunnettdés test for mul ti

from a single9dbdomnod ogwkkciach repl 3cates, each wit

Using a similar experimental seMB»P31 weelalss e
with a fixed protein concentration (25 nM) whi
5:1, 10: 1, and 15:1). Signi fsitadddt ovVecealelrvenmed
proteins compared to the PBS control Figuepr at
2 3)1. However, -d&vepeamdendt ade@anaeaase in cytotoxici:
15:1 indicationfg tthhee numploert amfceT cel | si negdded. F
effect of cytotoxicity across al/l E: T ratios a
50 nM and an E: T of 15: 1, while the | owest pot

across aSupplrementnsr ¥ Figures
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MDA-MB-231 Cytotoxicity
25 nM, 72 Hour Time Point

Cytotoxicity (%)

T T T
0.0 251 51 7.5 101 125 151

E:T Ratio
1:1 2.5:1 5:1 10:1 15:1
E1-DHFR2-CD3 kK *k Kk *hk ok
Monomer VS PBS
E1-DHFR2-CD3 Hedede dekk kkkk dkkk -
CSANs VS PBS
OET/aCD3 CSANS  jusx  sedede  ddkkd ek ek
VS PBS

Fi gur3®EIIDHFRD3 monomer , OSN3 GANs el icit

cytotoxicity acr osag gwar ywiend skE:amh-druaPtAiRBorsE.dc els| ® uw
previousvB2.31MRAI |l viability was tracked over 7
2.5:1, 5:1, 10:1, 15: 1) and a constant concent
poicrotrresponds to the finathouwoubBatualtyatkRepceneh
meatmwi t h statistical significancé¢de *dexdt ®d 1las af
P<0.0001 with respectwatyWGWheol PBedomtyr Dlunime t t

mul tiple comparisons. Data wer® owbtodiomged aflr omp

each with technical triplicates.)
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EIDHFR®ED3 monomer and CSANs are only cytotoxic

cell s

EIDHF?ED3 demonstrated T cell medi ated cytot
CSAN for m. However, we aimed to ascertain that
the proteins themselves and that itncoulad! gnl y

conduct egr oalni feertait i ve experi ment to assess whe
effects. Previous studies demonstrated that tF
inhibits EGFR signmdihbe gghewehy ofupmiddouis h
Therefore, it was important to confirm +hat th
DHF’Rmonospecific CSANsprekxhifbraéedvenoefafnetcit s a
concentrAatpiroonisi.f erati on experi ments were perfo
overexpressifg E@GERb@1l 2dDWNWFHFND 32 5 v noofmeEkl and C!
an@E1ICD3 CSANs, and cell viability was monitore
groupedgshmmawficant cytot epxriocliitfye r aitnidviec aetfifnegc ttsh a

at | ow concentrations (Fiagaunmsd)2t.ent with prior f

Next, we investigated whether T cell medi at
EGFR expressi othar geot reuflfee cotust. -0 drad n ovlea yTd rMEo fc et
pl ated and incubated with T cell swiitsholvadareido ufs
concentrations of proteins. Cel | viability was:¢
cytotoxicity was obseFiveaitd@)n aCwoyn vterresaetMipe n tw hgerno
231 cells were treated,dexitgmnicfriocan taFlidg@trdde @ax ime in
D). This finding, couprediwerhtresukkpefri ment h

proteins alone are not cytotoxic and are ineff
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the presence of EGFR expression and T cells is

cytotoxicity.

BMres BM125nm H25nM W 50 nM

A) A431 Cell Viability Without T cells B) TIME Cell Viability With T cells
10:1 (E:T), 72 Hour Time Point 10:1 (E:T), 72 Hour Time Point

ns ns
120+ 1004

100+
80+

60

40

20+

Cell Viability (%)
Cell Viability (%)

Figard n the absence of T celB¥WWHFERC DI trho rECGHERr ne
and CSANs do not inducéAs3 gnddlilcanwerceg toulotxurce

in webb plate and -DHEIDSd (Wiotnto meir torBMIC BE3S AN's )

bi specific CSANs. Cytotoxi<ciulyuwaes dsasassegpaaf
B) EGFR negative TIME cells were seeded into a
alongside isolated T cells from donor derived

Data are pr etswveritthetdsi satsi oreelansi gni fi cance denoted

P<0.001, and **** P<0.0001 wiwalyN@®\éApkbLtowed bz
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Dunnettbés test for multiple compari sons9. Dat a

bi ol ogi cal replicates, each with technical tri

EIDHF’RD3 cytotoxicity is efficient across mult

The cytotoxicity expbrismentas saysduantved vwidt |
derived PBMCs. This ensures that the effects
restricted to a single donornofM®, asamelsy cRpomwmo K
Donor 35, A431 cells were seeded and grown ove
EIDHF?ED3 mono-bEFEDB1L CSANs 2C@3 DHdrmRo mer?CDa3nd DHF
CSANs along with isolated Teddl Ivs adbtl ai7Zrge dvafsr or
houFisgure) 2Up®9nAdata analysis, it was observed
cel |l deat h oDHE>RMDSd momotmee Bhd CSANs treat ment
thehd@&rFsi g2u5B) These findings -merddiad setde ctyh att ok i C ¢

induced irrespective of the dontohpe twlleipem deeant h

effethe proteins.
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A) B)

A431 Cell Viability Without T cells A431 Cell Viability

D23 vs D35, 72 Hour Time Point

_ 100 x;tg:i gy _ 1o

S o TPesliiieses

> X — >

= & =

S 50 % g 50

S : S

% * \‘\g %

o . : L' s ©

o YV by
0 RS S E S EUSEY 0 R
0 20 40 60 22 o & ) o
, & & K & F
Time (Hours) {\ & ,,}0 ‘t\d&\ ,bo
& N P P

B Donor 23 (D23) T cells B Donor 35 (D35) T cells Q '00 Q’."‘ Y q'l"
B (D23) DHFR2-CD3 Monomer W (D35) DHFR2-CD3 Monomer QQ"‘-’ o\?s \qu. Q\Q
W (D23) DHFR?-CSANs M (D35) DHFR2-CSANs ,\,0 @'\'
M (D23) E1-DHFR2-CD3 Monomer M (D35) E1-DHFR2-CD3 Monomer <
M (D23) E1-DHFR2-CD3 CSANs M (D35) E1-DHFR?-CD3 CSANs
Fi gwrlThe efficakRBRCD3 rHEdnomer and CSANs shows

potency across T cells isoMANa3kdcélrlosn wevoe dg
monol ayeweli In @l €Ot6e . T cells isolated from two
followed by t-DEFE®E8i mommmef Bhd CSANSsS. Cel | v
over 7B)Cyauwrtso.xi city was assessed and compared
Data from both exper itBeEMmt - Naesb@B8opoegsentedepsi ma

technildalattersi)p
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Modul ati ng t D&l FAaD3e nCcSyA Nosf  E 1

Mul ti valency refers to a molecul ar process

interactions with other molewm@ulags am b impaodirna@gn:

various biological processes, -cienlcll uidnPthegk&acnttiiobnos
di scussed in Chapter 1, the concept of multiva
to augment their mol ecul e weight, enhance Dbi

mul tispecittfPMoweavregre,t iangdr awback of multivalent
binding affimnlreey omgay trieosnulatndi mi nding of the th
expressing low |levedForof nsheantcar, g&tGER, ammt it g eno r
overexpressed in tumors but also exists in | o\

multivalent targeting oft &GF&Rtumoaf f?éd% b ni*éatdl*

I n previous studies, our | aboratory has de
CSANs, given their octameric valency. We obser
CSANs could be adjusted by mixipgodéefhegrdoti Bg
f or md&tinom.ri or research, (EWEDY abii ®epecihfei v aliemgy
di fferent rDaHtFfRosn codetdthhee BEEIBPR monomer (ranging
7:1) to generate CSANs prEldomroaetEhdB&Hk aei n
We aimed to expl or e-DddF¥ID3i |CSA Ncso necxehpitb ivtiitnhg Bolr e
to T cell s, thereby enhancing cytotoxicity an
potenti al interactions with healthy tissues, (o
cell s anddirnegd utcoeaT tbaienlel ¢ .h elUC\DB| smwdEw of tthe CSAN
DHFED3 monomer was mixed wiDHIFRbinfofneeirrg &(téé& r at i o

A), and to adj udJELfitbhreo nveacltei nnc yi no-DtHHEER &C3S AnNosn, o nbehre
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was combined with di2€Cba8r monhFoinpad6®).SECf evhe uBHFR
was conductemeddohi el eampl es to determine if C
combi nnDHERDPB wi t DHFEFEED@Feirgu r7d) 2B HF?RFi gur7e 2. 1

Blat a 1: 1, 1: 3, or 3:-MTXatomwm BAndoiumcubUptéewngl w

CSANs where able to form in al/l experiment al o
A)
Bis-MTX
+ ——
E1-DHFR? E1-DHFR?-CD3
E1-DHFR? CDJIH -DHFR? E1-DHFRZ CDJ[E1 -DHFR? E1-DHFR2-CD3/E1-DHFR?
1:3)
B)
Bis-MTX
+ —
DHFR2-CD3 E1-DHFR2-CD3
E1-DHFR?-CD3/DHFR?-CD3 E1-DHFRZ-CD3/DHFR?-CD3 E1-DHFR?-CD3/DHFR2-CD3

(3:1) (1:1) (1:3)

Figered The val-RHEBCDESARRSan mbdi f )EMHFRDS3 s
mixed in different r atDHF®R of 1c hBa n gle: 1t, hlga Bwla | 3e:nlc)y
scFv CHABA® modul at e tthtEaf iviard @nme @tShéel 1D H F?R

CD3mixed in different ratétOB3 (1:3, 1:1, and 3:
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A)

11 | @ E1-DHFR2-CD3 & DHFR2-CD3 (1:1)
10 W E1-DHFR2-CD3 & DHFR2-CD3 (1:3)
o5 B E1-DHFR2-CD3 & DHFR2-CD3 (3:1)
8
7>
6
o
g s
E 4
-}
2
1
0
-1
-2 — — —
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Minutes
o | @ E1-DHFR2-CD3 & E1-DHFR? (1:1)
I E1-DHFR2-CD3 & E1-DHFR2 (1:3)
8
B E1-DHFR2-CD3 & E1-DHFR? (3:1)
¥ ¢
6
D 5
g .

Minutes
Fi gQI768 EC Eval uaDHFRRCDGf cBmbi ned with dif-ferent
DHFR®r DHFIR3 to for WEIDHAR’RD3 As combi AGR3 win h D
a 1:1, IT:az, oand B)EHEDMHFEFSBNsi.s combDHFR nwiat 1: BE1

1: 3, and 3:1 ratio to form CSANs.
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We evaluated the i mpact -DHFRDB] uGSSIANsg itnhea v
monol ayer cytotoxicity exwdédruirman-tveirtiAv Sdlo neorMC s,
which had been -DiFRE D3 edS AN S hc o nBifali nfiinbgr owmeercitd ch
UICD3 scFv val enci @©HFFRIN Nsv awaesn ctyu noefd Ebly mi xi ng
t he-DHE’CD3 monomer -DddfF®notntoemeE1l ( 1: 1, 1: 3, and 3
di fferent -DdWFFD3 onfo ntolmee rE BQRI3 trheen DieFERN @1 31 1) 1:
withMTbX.s Cell viability was assessed over 72 ho
LE1 fibronebP3isasFawnd no significant difference
(Fig28Badand 92.. 1Several factors could account for
was conducted using A431 cells,®whpoheaxhiabity
it challenging to detect differences due to e:

l'ines wi FR éxwees EGo-MB23lLcdhelaldsBM@BS MDWDA 7x106) ,

yield more informative results. Secondly, the
testing a | ower range of E: T ratiostionwsl d npr
concentration might enhance the visibility of
a 2D monolayer culture, T cells may have had a

a 3D spheroid experi meogi cweolullyd roeflfeevranmoriensp lg

exploring the use of valency modi fied CSANs in
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B PBS

B E1-DHFR2-CD3 CSANs B E1-DHFR2-CD3 & E1-DHFR? (1:3)
B E1-DHFR2-CD3 & E1-DHFR? (1:1) M E1-DHFR?-CD3 & E1-DHFR? (3:1)

A) A431 Cell Viability B) A431 Cell Viability
25nM, 10:1 (E:T), 72 Hours 25 nM, 10:1 (E:T) 72 Hour Time Point
% %k % Xk
1004
Q I * %k %
&f 80—.
_§‘ * ok ko
= 60 !
< % % % %
> 40
= = 100
S 204 s
80
2
0 3 60
0 12 24 36 48 60 72 ©
Time (Hours) > 40
Cromne | o RIS
12 24 36 48 60 72 0
E1 -E::HsiR;;CD:i NS RRE  dkkkk dkkk kkkk kkkk Qe eb "\\ ’?,\ ’.\\
: RV o A 40 90
E1'DHFR 'CD3 & * Fkk Fekdkek Fededkk Fedkekk Kdekdk 0 Q- @ Q
= 2 (1
E1-DHFR2 (1:1) o'b Qg Qg Q{<
E1'DHFR2'CD3 & NS Fkk Fekdkek Fededkk Fekkk Fdekdk q/ '(, \Oo \Oo \'0
E1-DHFR2 (1:3) & & < <
E1'DHFR2'003 & NS kK Fekdkk Fekkk Fdkekk Kkkdk %Q 'b%l ‘b% ‘b%‘
E1-DHFR? (3:1) @'\' 00 00 00
9 & 9 & @A
& & &£
& &S
\O \O \'
L2 AN )

Fig2r8da Modul ati ng t BGD3v aslceFrnEHFREDEB1t E8ANs di d n.
affect the pot eAAy3 lofc etlHes GRAMNS .c UA tweleld mlsa tae .r
To modul ate t heD3vademwecyi mft HBHFFSBNSsSmon dime rE1lwa s
combi ned wDiHtFfRnotnhoemeE1l i n di fferent ratios (1:1,
then incubated with T cells isolated frem dono
culture with the A431 monol aydourCel IB)Evaabi loidt
column represents the finRdt aiearbe | me ataveart thetch ea s

statistical significance denoted as (* P<0.05,
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respect to

n=-93bi ol ogi cal

H PBS
B E1-DHFR2-CD3 CSANSs
B E1-DHFR2-CD3 & DHFR2-CD3 (1:1)

A) A431 Cell Viability
25 nM, 10:1 (E:T), 72 Hours

120+
100-¢
80
60

40+

Cell Viability (%)

20

Y T T T T T T
0 12 24 36 48 60 72

Time (Hours)

Crmons | o

12 24 36 48 60 72

E1-DHFR2-CD3 * dkk dkkk kkkk dekkk kkkk
CSANs

E1-DHFR2-CD3 & 4 *kk Fkkk Fkkk Kkkk  Kkkk

DHFR2-CD3 (1:1)
E1-DHFR2-CD3 & NS KRR kkkk kkkk kkkk dokkk
DHFR2-CD3 (1:3)
E1-DHFR2-CD3 & NS KRk kkkk kkkk  kkkk kkkk
DHFR2-CD3 (3:1)

Fi g2r9d Modul ati ng
not af fect t he

pl ate. To

83
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replicates,

weyr e obtained

each with

B E1-DHFR2-CD3 & DHFR2-CD3 (1:3)
B E1-DHFR2-CD3 & DHFR2-CD3 (3:1)

B) A431 Cell Viability
25 nM, 10:1 (E:T) 72 Hour Time Point

* kK Xk

* %k ¥

* kK X

% %k %k %k

100
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40+
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t BEel Vf a Iber roony® ¢FFIRMD 3i enC SEAIN s
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di d

potAeliBdy cefl I sheve€CS®ANu.l t-wpleld as

modul dE® ftihler vrmé @tnicy-Dtd BB DB S ATO:N,0 melr e



was combined >@D8hmohem®HFRn different ratios (
were then incubated with T cells isolated fro
beforxxal tare with the A431 monol ayetrhouCeltli mei a
per BlEca.ch col umn represents t he Dfaitrmalarwi glrielsietny
meatwi t h statistical significance denoted as (
P<0.0001 with respeeawvayN@MvAh eDaR BS wea et rodlt aiyned

donor, whilciholnocgi3c al replicateg, each with tec
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Concl usi ons:

I'n thi,swvechapwptesst i gated the devel opment, pro

DHFED3, a dual targeting fUBEGFRNf ipbooWEBSIi ICoampea

scFv fused?¢doafofludHIBRBRL f acilitates the target
associated antigen, and the T cell antigen CD3
capable of dual targeting, retain its ability

redwmg the need for two monomeric proteins to f

EIDHF?CD3 was successfully expressed as an
SDS PAGE, SEC, and mass spectrometry. Whil e t |
CSANs, the resulting rings were small eirfitdran e
ring composed of two Unttdd3InerFcr tphreort ea mal ynsaaime ds
CSANs compr i seuws amih»h emangoerdfme i ¢ pr ot ei ns. We be
ring size might stem fremcestefritcwhitnamr@etcieng uel
scaffold. The EGFRtifomaldbRgtonrFamei t hin the pr
was confirmed via f hueswe coyft o mMe@P AMB2BILT cwedh s an
EGFRCD3+ T cell s. Subsequentl vy, confocal mi cr
of the protein -MB23hecealurd acWe od| MViDAMFARRB3 t i gat «
could undergo internENCDPAat bospeaeki hi toringsdi bbe
Thr ougmf oc al microscopy, we obsetuagdeDHFERIgr adu:
CD3 CSANs over ti me, suggesting the potenti al
successful ri ng -ODHFRman ¢ maer iwd t hr at eGFrP devel oped

the possibility of developing trispecific ring
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We investigatedHRH®BP3abbdl i nvedibtattddc edyt ot oxi
both its monomeric and CSAN forms through cell
that T cells modified with both forms of the
monol ayerMB231MBAI | s. Additionally, wEB28dsesse:
cells at different protein concentrations and
all tested conditimpactWbhéndetthakbuventng thkel do

efficacy of the proteins.

Comparati velUEadlCdI3y ii s pwicti i i ¢ r s § scEHEFARO wed t
CD3 CSANs was similar. Furthermore, we confirm
in the absence of T ceddlsl sand Athtee npprtess etnac ea djf
LEGFR fi br oWCddt iscsFvand n t he rliengdisfhfoeweedn cress oa
groups. However, these results may be influen

concentration, E: T rati o, anda3bDheuluser ef a mon

Il n summary, we de modesuealadkdE?EBRt dwalr haewd !l
monomer can effecti-medyatieducet pioodxeinei tTy cien | b «
CSAN forms. Moreover, there is potential use f
and the creati on soub sterg usepretc ief xi pce rGSmeNst.s ,I| n3D s pl

further insights into the proteiné6BHEKDBcacy.

we were unable to conduct ingehepattxpgedimadgt ¢
monomer is currently under devel opment, repl ac
cel |l receptor (TCR). This new version is capatb
increasing its proteiaxpyereil demtnat ipon.enti al f or
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Ac knowhentgs :

This chaptercomtcd iulletsed eswlbet h past and prese
the University of Minnesotabs Department of M €
Dahl berg was responsifilgm2rfe?d Blh&@n d &8Dra. pYieas®e nWae

produced t heda gduartea 2s.€3enC i n
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Materials and Met hods:

Human cel | l ines and cul ture conditions

Human -REBAMCF-GFP cel |l s wertehhape nicauamr dTy pe mCu
Coll ecti dhe( MMBRCHYGEFP cell s were prepared by Dr.
University of Minndsbtael MenweapokbtubtuMBYE. in D
Medium (DMEM) supplemented with 10% fetal bovi
3T withab5%0CO@ustain RFP a-RBPGE®I Exmedbai was A
with 5 Og/ml of pur omycMB2 3-GFHP laen dacavBiFa efl d rs  baats
sppl emented with 7.5 -BRgPmtelbfspweoemyciuht ur &@d ME
Medium supplemented with components from a Mic

VEGF G€twB¥7h.5%oC@ai ntain RRPPegplbesmedna TbMEa

of puromycin Humann peripheral bl ood mononucl «
isolated from the buffy <coat using Ficoll den
obhad from I nnovative BMmoas oReas.ouSwhese quSeanitnity
PBMCs were cultured in Roswell Park Memori al

10% FBE ati thgTh % edd s were isolated from PBMCs

kit (Akadeum Life Sciences) and cultured with

Expression Pl asmids

An order was placed with I ntegrated DNA Te
encodi nBHFC®3IEHual targeting fusion protein. -

t he Novagen pET28a(+) vee3t)orus(NDMhXtikielelsitpgadrcd,i ol
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siteismpontthant t o DHFHI D3 itrhcaltuderse aEIFLAG and a

for detection by flow cytometry and confocal m

Protein Expression and Purification

The productDHFAR nd FBEBRR Elproteins was carrie
previ?efursd -PEHFH D3 f usion protein plasmiEd was$itr:
cells (New Engl BEndodBliilosl awesr)e clihletster ed i n | ysoc¢
suppl ementegd mwi khn&fy cuinnt idt th®e OD600 -Or.e8a.c hed
Il nduction was initi@bertdhimyabhddt opyrismopgsiodpe | (|
concentration of-hdamM, i hobbatwednbpeai 8d, after
at 7500 rpm to i scolDHElonbeneatedcil ppwedd eax prMees ed
proanedni solated from the soluble fraction of
chromatogr aphypyrevmMaAddsl Eldie edr fbadt i ons -were an
PAGBENnd pure fractions were combined and subjec
saline (PBS) via Zepa Spin desmIDHFRP3c alndmns
DHF D3 proteins were expressed as insoluble p
foll owing establ THbet&FFErpcedei @as f rPaacgtei oannsa | uynsdi e
before pooling and wereptwePtLiCersypuarimf i(eGy Tu &/A
Hi Loadl16/ 600 Super d®OHFPEDB pondeowembns .anEladditi
purification using the FPLC before all/l puri fie
Superdex 200 Increase 10/300 gl columns (Cytiwv

standards (Sigma Aldrich).
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CSAN Ring Formation and Characterization

EIDHF?CD3 CSANs were formed by-MBXdtoga3PB§uU
solution of the protebDHFRAd3IBBRRIi mOnom@e mid¢ apil ¢
3 equi valklwIXt sweafe baidsded to a PBS soluti-on (1:°:
modi fi ed -DHREIDSs waBl mi xed in ratios -DPHF?R1: 1, 1:
or DM i n MBX. wRiss added in 3 equivalents to
solutions -hoderweatbat ilon poometce mmer atomr & .i gArn
exclusion chromatography (SEC) was employed to
when compared to monomeric proteins. Dynamic
measurements were conBaatedi ght n&i aar ABDO ( As
50M with a volume of 1 mL were prepared in PBS
hydrodynamic di ameter and pol yditsSpDer dietryi vweal e

23 biolepdiiacealt ers, each consisting of technical

EIDHF’RKD3 bispecificity studies and fluorescent

Bi speci f-DEHFRY30fwaBl assessed us-MBB31il owmklyso
served a¥ Citbi3el EGFRn e, w hri d per ehsuelng: ReRAP BEVECES| l i ne.
The cells were tremHFRRD¥WI mMbndmér off®.it hFeo | HEdouwi nag!
incubat weme owalshed with O0.1% PBSA and then in
anti bodies for 30Cmi ArFtLaAsx iIPrE dairt k heodsy g tBidb | e g e
was used tU1l dfeitlercandditein portion o-Hi $ hanhiumaay

647 antibody ( Bi 00De3g esncd)v dpeotretcitoend otfAVEB-h3E1 pr ot e
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cells. After incubation with the fluorescent

analyzed wusing an LSR 1|1 fl ow cytometer. Me ar
compared with unstained and -MB2n3dred Il ss avas| 9 .s uG
via confocal -MB2BbsGBPyceMDA were seedwell on g
pl ate and all owed €0 Rdhtrenoeer hhghmedt a3 Was
PBSA was added to the wekFG.ababhuwr ii mg utbtait ® dp € roir o |
nNM -BHFPED3 monomer or CSANs was prepared. Foll c
twice with PBS, and the protein sol (€.i oAfst ewre r €
i ncubati on, cells were washed twice with PBS,

using Prolonfga®dé avhounmdt &nt i ( Ther mo H$lilsiches Wen &

l eft to cure in darkness oOovVv-Erwi gt Faeddoinbhaged

Il nverted Microscope (Nikon instruments)
CSAN I nternalization Experi ment

The i nternalDHF#E DD N CHANSElwas monitored t F
mi croscopy. A431 RFP -weellll splweetree asnede daeldl o wetdo tao

next day, -llabMI|cefd G NMHFRord-DBERDElwer e prepar e
PBS by comb-DhFRyo ntohmer EL-D#H FARID8E EBbnomer -with a
DHF’Rmonom®evel oped by Abki ®he k L K k mla inr Rio ZLu ma Ir sak |
Bi-MTX was then added to the protein slolguhtti oant a

room temperatur e-DHMRBSANse cwefriec pGFePpared si mil :
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f ormati on, the proteins were added to their r e

hour at 37 CBusiepg§ €nptAagilbentt0 system.

Cytotoxiestydnad EC

Re#4li me monitoring of cancer cell death was
GFP or RFP fluorescence wusing an Agilent Bi ot

experiment, 5MBD3P1 A48i1d T™MDME t ar geti vd a@lulad werl d

of a 96 well pl at e, each containing 100 Ol of
PBMCs were thawed and all owed to rest in compl
16 hour s, T cells were cospeeidfiandCS3AMN tnromatsr

prepared.

For each designated well, either CSANs (at
PBS were incubated with the appropriate number
well) toTfoelml PARef ore additibantpl ahed wieh | she

Bi otek Cytation 10°% s ywsttehm,5 %madt ae n€@BP ador 3RFP

was monitored for 72 hours. Not abfllyyondseceérmnstol a
count of the remaiasi c@l tlulat edcanst ngeltlhe Agil €
cel l anal ylsin se spdrtiwmaaret.s as s-®8 &R DB tmoen oenfefri caana

CSANs in the prneesgeanteibvieof i ae EGFRE cell s) and t
T cells were formeduWwtuhedhwi phoTéMEscahtdscoAl
added tMB2RDRAcell s without T cells.-hCalrl peiralidl

usiAgg | ent Biotek Cytation 10 uSoafttiwag et.h-€l oa vaisdie
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DHF’ED3 CSANs, the monomeric f ®HBR*Rwa sDFCHORbi ned
in different ratios (1:1, 1: MTXand®PBMCS) @pmneévi
thawed and rested overnight, were then incubat
witkuddure similar to thexpevéemeatl i nmagved &8s
poi nwaaapt ured using a 20x objeSEMvandDabamaki
data is shown as apamatdotofvicebil viwbatithecs

Biotek Cytation 10 Software.

I n tdeex ECri ment SDHRFEDB v CB8ANEMRM3d CSANs, A431
RFP celpllsatveaedlr e n a 96 wel |l pl ate and | eft to a
PBMCs were also |left to rest-DHFED3 g DMul t i p
CSANs were prepared. After ring formati on, t he
ratio of 5:1, followed by the addition of CSAI
hours, and the endpednandytgoanki ti eglewabpBgb&nra

tools. A 95% confidemckRoimteowvsatlr watssanal yzed

Statistical Analysi s

Data was amadepyddvwayN@AFgA ol | owed by Dunnett
mul tiple Oamm@arairseo npsr.etsweintthe ds taast imdadrc al signi fi
pP<0.05, ** P<0O0O.01, *** P<0.001, and **** P<0.0C

obtained from a s9npgilel dgoghoal whaplkchcate8, each
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Suppl ementary Dat a:

W PrPBs M E1-DHFR2-CD3 Monomer [l E1-DHFR2-CD3 CSANs [l aE1/aCD3 CSANs

C) MDA-MB-231 Cell Viability
15:1 (E:T), 12.5 nM

B) MDA-MB-231 Cell Viability
15:1 (E:T), 25 nM

A) MDA-MB-231 Cell Viability
15:1 (E:T), 50 nM
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Suppl ement a2r.yEiABPHEB®IDE8 monomer , CESIAONS3, CaSnAdN s
exhibit promising T @atlhsEmbdsamedtcpt eMDANCEDY
MB231 cell s werwelpll agleadt é namd ac BBeLUFr sedi asel at end

donberi ved PBMCs werDHFMD3 finemdome rt hlEGELOBs, and

94



CSANs at thred) cohmB)reMi5r an@), olndsntdo M ner at e PAR T
which were then introduced to t@ellceVvi amiolniot v
measured over th®Eaohbhreel omn7lepoe@ssnts the fi
the study. Data awiet lpretsamnit ®tdi casl meiagni f i cance
P<0.01, *** P<0.001, and **** P<oOne@yB AV NIt h 1o
(Suppl ement arAyC) FowmayN @R/ ASuppl ement ar yf oFli lgauwesd 2 .
by Dunnett doltee to mipamr i mwints. Data were et ai ned

bi ol ogical replicates, each with technical tri
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W PBS B E1-DHFR2-CD3 Monomer [l E1-DHFR2-CD3 CSANs [l aE1/aCD3 CSANs

A) MDA-MB-231 Cell Viability
5:1 (E:T), 50 nM

C) MDA-MB-231 Cell Viability
5:1 (E:T), 12.5 nM

B) MDA-MB-231 Cell Viability
5:1 (E:T), 25 nM
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Suppl ement ar.y2 BFHEW D8 monomer , ESIAONDS3, CaSrAdNs

exhibit promising T atld®dcrinresds ameldt icpltoM®D&nn aca nty
MB231 cell s wer-welpll agleadt @ namd ac BI6t ur ed as a mo
donberi ved PBMCs werHFMD3 f meno meé rt ,hUEEILHONBs, and
CSANs at thred) cohBreMi5r an@i,oledn:d nM t o gener at e

which were then introduced to the cell monol ay
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over the couBEachfcdRummuresepresents the final
Data are presvernthedstad imeamrcal significance den:
P<0.001, and **** P<0.0001 witomeayeN@EA 't t o
SupemenRiagw2/lC)2 towwa YNAVAS U p ® me nRiagw2Bf &I.1 owed

by Dunnettds test for multiple compari s®ns. Da

bi ol ogical replicates, each with technical tri
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HPBS

MDA-MB-231 Cell Viability
2.5:1 (E:T), 50 nM

B E1-DHFR2-CD3 Monomer

MDA-MB-231 Cell Viability
2.5:1 (E:T), 25 nM
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which were then introduced to tKelkeliambhibtwn
measured over th®Eaohbhreel omn7lepoe@ssnts the fi
the study. Data #awiet lpretsamnit ®tdi casl meiagni f i cance
P<0. 01, * ok P<0.001, and **** P <oOmwe@ @Bl AV i t h e
Suppl ement ar yC) Ftowwma yN O/ ASu PAp| ement ar yf oFli lgauwesd 2 .
by Dunnettds test for multiple comparis®ns. Da

bi ol ogical rigml iteathens,cadadahriwl i cates.)
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[l PBs B E1-DHFR?-CD3 Monomer Wl E1-DHFR2-CD3 CSANs [l aE1/aCD3 CSANs

A) MDA-MB-231 Cell Viability B) MDA-MB-231 Cell Viability C) MDA-MB-231 Cell Viability
1:1 (E:T), 50 nM 1:1 (E:T), 25 nM 1:1 (E:T), 125 nM
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Suppl ement a2r.y4 -BHERDS8 monomer , CESIAONS3, CaSnAdN s

exhibit promisiatg dy tkoetlolx ince diyataecdk oss rDIAt i pl e
MB231 cell s werwelpll agleat é namd ac WBI6t ured as a mo
donberi ved PBMCs werDHFMD3 finedome t hlUEGEXLMOBs, and
CSANs at thred) cohB)reMi5r an@), olndsntdo mgM ner at e PAR 7

which were then introduced to the cell monol ay
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over the couBEachfcdRummuresepresents the final
Data are presvernthedstad imeamrcal significance den:
P<0.001, and **** P<0.0001 witomeayeN@EA 't t o
(Suppl ement ar yC) Ftowwma ylN @/ A3u ;Ap| ement ar yf oFli lgauwesd 2 .

by Dunnettds test for multiple compari s®ns. Da

bi ol ogical replicates, each with technical tri
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H rBs B E1-DHFR2-CD3 Monomer [l E1-DHFR2-CD3 CSANs [l aE1/aCD3 CSANs

A) MDA-MB-231 Cytotoxicity B) MDA-MB-231 Cytotoxicity
50 nM, 72 Hour Time Point 12.5 nM, 72 Hour Time Point
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Suppl ement 2r51IDHIFRUDE monomer, UEBIBD3, CaAANs el i c
T cell cyt odiofxfi Eri & ryt Tdcirgoests cel |l s and uPARTrEBdc als
outlined pr-MB2dustgll MDAability was tracked o\
ratios (1: 1, 2.5:1, 5:1, 10: 1, 15:1) AndOa cor
nM aBhd1l2.5 nM. Each bull et point corresponds t
hour Bawayare presmnthedstaast imeamcal (i BrDfDBant
P<0.01, *** P<0.001, and **** P<O-waBYUAV NI t h T ¢
foll owed by Dunnettés test for multiple compa

whi ch9 nki @&l ogi cal replicates, each with techni
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Chapter 3: CSAN Presentation o
Bilayers and Engagement of Hl
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Int roducti on:

The i mmune synapse

Chemi ca-htgemtelldd (68ANs) ndiasve demonstrated
| aboratoryg wmtdt owigshi(n liinvivamigadhganv-asnso@isat adco
antigens suchd3as aBGFRp CBAWo w¥ver, we <currentl
understanding of the mechani sms, sipgrasltihreg i pa
ant igreRT @cmeddi ated killing of cancer <cell s. I n
recognition of antigens MhER&dh Tt tee| T @polsises s
TCR, composed primarily of two TCR chains and
There exist f oult, T CRR ogle@i siT@WICcRh create two
heterodi mers. The malj®s $UTJCORRCI crhati nrse Twhd d lel sa e
expedghe OTCRchaiBosh setsardefi nkbdi by a di sul fid:é
heterodi mers form mul ti po o faenitnaicnosmptl-oeoxgeasy wnihtohn
hydrophobic di natreer arce ¢ @nsa rayn tfaolre ToCeRl 2FIToRRegl fi @ cad .i
possess the ability to sptesteimagthyoihd er toicfoynpart
compl exes (pMHC) presentpacesemtti hg satfacég¢ ABCs
classes of MHCs: MHC class |1, recognized by CD
recognized by CD4+ cehtil er adltpioomn refcoghét TER w@h

acti patoicermds through i nt.P%%%el |l ul ar signaling c

Over tthiemeb,i nding interactions between the T
a macroscopic structure calTlheds kt8hvee sit mamswriaoulr cegdi
pl atform where signaling mol ecul esar ec edrlg asnuirzfes

bet ween the i mmune <celHhasanhdeen sa stsaonegireat. e & Spidtrols
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acti voaft a minl,i tating processes such as antigen r
and release of thyutotknidiucregnrobécuheS®6hpmoastedr ¢ ar
i mmune synapse forms a fAbull 6s eyed0 structure

(SMAC), varyicompiosimaoloemmcahe function. TCRs and

in the central cluster known as the central m ¢
supramol ecul ar activation <cluster (pSMAC) , s U
moluedces | i ke i nt egrasns dcyinmptheodelysat ned nf guenncnt{itond e | | ul

mol ecul ell (06Cé&Mow ddawr ce®lrlt i mgt iolfi tTTY.Rs t owar d
is facilitWdatieénbyraatdmnl |l ing hewghd mhematah

segregation) and sorts shorter -TCIRCANMHGI ndit re

interdbei ons ermost region, the distal supramol
Factin andewthededemokeecul es, contr od®Fi hwé§: $G7gn
26The intermembsamcea ifiucati odwat iTongeltlhus, down
pat hways upon T celll activation |l ead to T cel
mol ecules |ike perforin®%nd granzyme, inducing

T cplagcrucial role in eradicating external
Mor eover, they are instrument al in orchestrati
i mmune surveillance with CD8+7°TN’&led 1l tsh ebled sng, pa
cells have evdlovesduppeeblaniisimenes ucbspg@arcsaes. i n
reduction or absence of MHC I expression, whi ct

Anot her evasion strategy enthaisbsiaheddeaptégienns
cancer <cells Tes8&ld@drescetpbdret [byy therapeutics

signaling have been devel?6Ped to overcome t hes
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There ar e t wmdperpiemmadreyntTGRher apeutics, Bi TEs,

and chimeric antigen receptor (CAR) T cell s.

approach wherein T cells i sol aetdedt of rexmp rpeastsi ealt
speci ficagvoa@i dtuendbranti gen (TAA) . Foll owing ge
expansion before being introduced into the pa
cancer cell sur f aceed afndri geMCswi & hd®d MEIEGVhger etslea t ¢

success of CARs and Bi TEs, sumdherfstcamdi red ftolre

and signaling events origesponsaigbhbhéeé fhoti dctciad
or Bi TE modified T cell s. Studies have reveal
bet ween conventional(FTguree | B AnMi& AR eBrtgl Isyn
formation tyapaiccadlnl yacicruwmullvaeesi om at t he ¢ SMAC r €
| ater -atthigemsac&Eumul ates at the’pBEMNEVED, fDNMCA
T cell s, the actin cytoskeleton does not entir
absent adhesion rings with actin. Additionally

di spersed randomlyetbyonapheut antde pr ghpmarn otrhgean

pSMAC region is Il acking, l eading to the for ma
(Fi gurB278283Codhversely, immune synapses for med
formed between human CD8+ T cells and cancer ¢
rearrangement, and si ze, e x preaii mit redF itighudr lee fréfgi 1c
C)f% Nb6°net heless, several factors must be consi
and subsequent responses, including Bi TE fornm

affinity of targeting elementises®8idiE cona&d ehAA aa

cell s, 28%4%d mor e.
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Fi gB8r.d For mation of i mMmmune synapsAegs | Gi doToRL i
t hr ougeéein giraCgreenxehnitbsi t s an organi zed Abull 6s eyebo
(yell ow), pSMAC (bl Be)CARNT d&SIMAC figureengynaps
resulting in reduced/ absent adhesion ring wit
di spersed randomCy Itnmmuwnueg hoown a pshees IfSor med vi a
those formed under physiological aman daidtaiparesd. fFk
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