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ABSTRACT
Cancer i mmusiloarhgerla@edn hagsr opopewer f ul approa
tumor s, based on the natur al f unhsdtgtonwiotfh t h
specitfhast gtihpegpt ent i al f oft ed env evleampirrnyg tlhartg pr
t umor redHomwreenreee . itmmunosuppresshdesnmadreat ur e
mi croenvironmeatsbpomwunenmmime msy ssitm@mimahi gyg
i n the fightAsaganastof carhceermost potent can
immunostimul atory cytoki netsunhoav el nbreuenne srheoswno n
preclini oalt dthedarpepst,i catdtami ted byebatvede I
adverse events upon systemic administration.
fully address issues of toxicitiesafaend sust a

days without compromising cyth&kdeeelhopgtr uct i

novel formul ation to anchor potensi zgd oki ne
particles (1 Om) for | o@adeo rcfainrced itm etad memg .
mi ni mal systemic exposure over a few days |
el icittimmgoranitmmuni ty while avoiding the sy:¢

circulating cyt-akhchesed Sagholpiamds ctan be sy
i mmnot her api es, including i mmune checkpoint
to safely promote tumor regressions in vari

engineered murine tumor model s.
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GENERAL AUDI ENCE ABSTRACT

Cancer i mmunotherapy 1is a promising meth
power of the body's i mmuneaisyatsem, amidi chla nn a te
and prevent diseases from returning. Unf or t
t hat weakens the i mmune system's ability to
treatments explored, ummgmetei mal tah oatr ybaoydg tok
system) have shown great promise in | aborat
However, when taldens enitgat e @tdinsntas,e they can ¢

effects slyet ¢é mi ¢ hdtiilsehmo inta tHidoee ybnad ybtalcen i n g

poteyttoki aesg etead par,tiadndesi (jledm)ng them dire
theirftcghteng abilities are focused precise
targeted delivery minimizes the cytokines'’ |
reducing the agskciodt esdydwietatii fcte laddi isFsha mi mMeett ihord
not only shows promise on its own but al so
treatment sgsOsugfhesd a new, safer way to enc

to fight cancer more effectively.
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CHAPTER | TUMOR | MMUNE MI CROENVI RONMENT
| MMUNOTHERAPY

1.l Introducti on

Canceglaobal heamad tthhéeadcamygd cams ¢ hef Ude & teh
St atCeasn.cer i mmusi oinlge rhaepin dmsa ap gsoeve rcfuuli ngp pr o e
tumor s, based on the natural f urnhsd 9 to nwiotfh t h
specifhast gtihpept ent i al f oft ed env erleampirryg tlhartg pr
tumor r tmirfrfeercent from traditional cancer
radi ot herapy, and surgical resection, whi ch
i mmunot herapy actively trains the patientds
For many year s, camaesr plemmuedt begr g regnhd W cosx i ¢
therapeutli ecw wi o dpegdliieqitblree sprohatelr . atoe abl e
exceptsi drmuwmperifni ci al bl adder <cancer, wher e
bacialllmet@®e i n ( BCG) af thears shlermegainc dlo mpe ¢ othigo 1o

survi¥al.

Nevert helaenscse r i mmunot herapy experienced
t r imolr £ 1t0h ayre a>r&h ea gfoi.r st validation of active
vi avdleutaisont he FDA apﬁ(si/aUrT)eﬂfccPl’r oackwnwgreced pr
cancer Apr.t%Pr @ 0%cfogrepr i ses an incompletely cha
peripher al bl o®ldl smo(nPBMC) eauogpb&mert ad dwit tuhr
derived di f f elfTehnet icatiinadrme nabrvteitgedta & | iet t | e evi

of t umor b getxrhiirak ahgeddh t h i mp rpoavt emeedrita ni A&°ur vi val



Thi s was | mmeditéateeldyi siecmlyledaciyieideiinda lc aci es
byi mmune checkpoi ratnt b b'é daknaedd ec h(ilnCeBr)i ¢ anti gen
(CAR) T cell ther&ap¥yCBnt teramy nusancansi boc
inhibitoscytoeoapcoT | YympCdstne® pnooggeammed
dealt h(-P,D or i-t ec ecpotuoft5® Wi c h stal omf inlgt r at i
l ymphocyt ersev(eTrisles )e xthcau-atgqdi seacttiseandveetun
functfAiogne )I{?The treatimeintt i fusiRavb@) En B D A
appraw@idLA anthdodyedpltete responses oifn appr
advanced mel anoma patiewd®, ywiaAX¥diduiranalong,
treat mentl woclkhnBDanti bodi es has elicited obj
sol i d,itruolouwdsi ng mel anoma, l ung cancer, pr os:
cancer, head and neck .ctd¥¢Reerf,|l eamatmhgeolror ect
compl ementary modes of actiCdh-A aoefbBamat i on
has | ed to even greater response rates and

pat i°&At s
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FigaleT cell exhaustion and bl ockade eisfpoinmmisne ¢
Checkpoint metl eacnudl esD CPHPpmtdisgen i ng cell s (APCs) e
activation and inducthethseemhacbBéeécbhpobht Tbbcetkad
anCTLA, -RBLt,i anRdBLdntireverses such process and re

Al t ernadopeityrea ncseflelr (ACT) basedf aher api e
active i mmGeinzaticahly enghaeerbdel cebpbbstwidt

the specifiwecithytoamoTi SECHABREI npmuwmpeetriteresspy t ar g

the CD19 antigen has produced marked clinic:
l ymphoma, including a high pr.bpdrCyittdrk i omfe dur
therapy for cancer is another tyhpearoef simaniuln ¢
proteins that are natwurally produced by the

i mmune responsebr ag@b ekl Eamfcace cSimncuenitchad i
first alpplbotvikdDAnf 1986 for the tredtamant of |

| ater for mel anoma andi nthammmatedi \vdese ch ar o ma,



entering either preclinical or clinical tri
whi ch i Rt ef@l)1&Tuukn onr Necrosis Hfgandr sntaéphear on
gamma -o(WeFrddalppr oved tbhfeaF PA/OL0asv.eh eapeé o mitnent

sucesisrs clinidealdo stappirowr8DA byf mul tiple c
i mmunot herapi es, convi nciaofgmpnu e nloevsaimpdast i| n g

cantlkeerapeutics beyondftahe tradtmenonhameshadd

Howewesn,de from creating opportunities fo

the potency of ailmmwatodihgmiafpiecdantcsda*fg*®r t o h

as a | arge number of them are administered
responses. Unfortunately, these therapies he
For i nsrteaantcnee,ntCTusABNnYygi hotlead tana series of
side effects, i ncluding gast.rTchiensteeasttmennatl t o

rel at dd edhbieeccotnse grade 3 or 4 s@WBWrobupatiderts
1The combinati bbotah@Br-Apygndedhmigheéxaeer bat ed

t oxi €55y of previously wuntreated mel anoma pa
adver sse whyéemen t he . ¢FErbitheCh®r eel | therapy

been mwedH elcds sy e fsoaf etoy eilsstwamursdi ng t he sel
tarsgatd the pauci tytwifmaswdmct argags compl exit
further compromise the¢e%Beeslidathiloynh pooft esnuc he yttrc
have the potenti al to cause overstimulation
severdithbseng toxi ctiteileast.edThseyssed emmmune xi ci
significant obstacl eoko nteh ¢ heelryiamiiaaa |,s i tagnai nf $i | cac

curtail treatment .&fTfhiededhe adedv @ladp mant saff e



strategies to harness twiet hpodemalbilaki loe s p omne

avoiding debil it atsiuncch ttdxeioamptitedmsE hti lhagtc up raed v & 1%

pot emne sad nftosomi ng challenge in the field.
Localized delivery of cancer I mMmmunot her @

approach that directly addresses the I imitat

of fers a focused method for admini et emring tt
i ts mi croenvironment, substantially mi ni mi
interventions enabl e hi gher concentrations

enhanciengafety and potency of-tiamgenmndohér api

toxi.tilpbpcas delivery has demonstrated a "1 oc:
replenishing i mmune modul at anidn falclhe roves dii gt
met as*’arsiesda&ll i very mechanism is cruci al for
potenti al o f i mmunot herapeutics, often hamp
tumor specificity when delivered systemical/l

Advancements i nanflamomoae¢hedwmeal BIggn pi vot al
progress of | ocal AppdoareHassrebws ankittbhoed sh.anom
formul ation of drugs in car20@eimmatefiald sthé

means ntonease bothhehepeswmtfied yefafnidcacy of ma n

| mmunot herapeutics can be incorporeadifed i nto
i pids, pol ymer s, or ot her smatneralatlesr; saynsdt e
exposure and ofimmauuwaitlheaelrialpietuyt i ¢ s, promote t

tumors, enhanceanidei mpaelt!| phahwapgtedkgnalvien g

°®3The advancement nd maneteahsobPgghbabaenat



high surface areas, uni que mo r pihloil toyg y and
modi fications fofPHowketviepl exned aefgeepiosti on of
nor mal,iorcd airdleinvger gndvhspgglheemay causengystemioc

the domiigihgl yofpotent PiMourotvieer, ageowmtviemd.i onal

systems release drugs in a monotonic manner
predetermined rate irrespective ot praceenNnt r
Therefore, continuous efforts are cruci al

confined and durabl e cancer i mmunotherapy wi



1.T2u mor I mMmmune microenvironment

The I mmunosuppressive t umbes ¢na@sfr oteunnvoirr o n n
cell § mmuomme t@trteeaigiar i ety of compil¥eimeshte,aey mec
arneumempopul ati ons tolatiemmune s od |l supipwea t  t u md
growth and i mmune evasion. The(si®geeemMhane cel
myel-derdi ved supprefbampssdbtsal(MdS@asslophages
and tawsnsoorci at e d TA&PaMarnoymmi h 8 s u g @ th da sngDige
T cell pabi agtageeofrf ect or funct i o%®Monrde oeweern, i n
t hese | mmuacoeslulpispnrcel susdaignsgo ci at ed fi brobl asts (
and TAMs, have beTencieslflown rtaoc i pned¥®For t he t u
exampDB8Cs eareecarcetti ve ni tr cCddPs tsiplect ers€ t (0CQ@lU 2 ,e
mo tcihfemoki ne | igand 2) to entrap T cells in
tumor ‘tleddist.i amadbhygopgeame ved expression of (
chemolkiueslh sy 6’4 M ONVEGF (vascular endothelia
""an€SHE(cosoinmul ati n'gdi rMtaert foedreelgwi s @) cel |
mat uration, foauttdemi draatoe rtdo ai ni TPLNg mph no
8nd prdfyercangnmaunosuppressi v ‘Eafifimb eteg t he
the disorghalnovaedsd et smamd | mpaired expression
endothelia cells cobt¥*@quakhtévdluyti®mclkindhat €dc e
in some tumors by the abundant exXPffhacell ul
Notably, tumor cells can also directly escafj
cl amsl ¢éc(uMHECspr by disabling other components

machi®fery.



Even i f the recruitment of cytotoxic T ce
contr ol t umor gr-iowd thg e b wti mige rt%5h ctemeanld calt aendi s ms
ant umor i mmuni ty includes mul tiple sequent
prol i fodr altiiocenl ysnphoi d tofstube, géentad &t ethofmgce
sitemsd executing effector functions. Each ¢

stimulatory and i nhbhubet drhylnshiedrpalos gd Hadtgahide

receptors that regulate T cell effector func
tumor cells or on i mmunosuppressupegurledtl s; v
T cel |l activation are not. Thealhligh!| gh exkpei:

receptor) on the dysfunct#don-adaPD BlITdecddl Isur f
me mbr ane pr olt2ed § mp3h)ocyt e actiTviaGl(Tlee | Igene

i mmunoreceptor wi t h i mmu n)o g IVad IsddAo ma Vaan dI gl T
S upproefscséolrl activation)dymphdc BT egFAag(iBeGanat dr

90.Phe dysafburncetxihoanust ed T <cel | sefafreec tcohra rfaucntcetrii
such asprdeddud ¢itnmensnn osft cspnu b & i DB ainEN-UAF d

|l oss of prol PRy taaddnec edacaechidtlsy . as infiltrat
TAMsexpredd PDbhatstkeagaqdi-bit ecgptPdr to supp
proliferative and ef f°%¢BmnDir bordeisepsonsleat ol oTc
checkpoints, as di sccwrsaslelde arbeosvpeg n sceosu | idn ed i fc

patients.



MHC-II / antigen e e <"
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tumor cell

Figueénhi bitory |igands and
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reg.

i nhi bimmamy checkpoi n4,s ;1P,D rABda Middinagn dsTeLbAmu | at or y

mol eciuncelsudi nn BBD4 @X@&EE@ Takr e
on anptriegseennt i ng cel | s.

expmr eBsedl | s,

and

t hei



1.GBancer i mmunity cycl e

The cancer i mmunity cycdancaer pirmmowenses rods m
is composed of s.evFirradt |i nmhpoonrét rajnet ® gsétpespes cr it i
type ofpreaemsteingemg englalkdgeABGs) tamdr pantiegen:
themto short pe-pbi deni hoagmwmeds3 Wil phenr glr at
ti ssues (tst EPMNB> Phese tumoreidrteirgoms ogreeni ¢
proteins weap foobtaecingsatsm mati ¢ .MMDC&dn olnsad such
short pephte dekefitthmol ¢ MiHICe s o n(fia MtCicgeeans § a c e
presedt asttieipg U) 8% U oannt i gen ,Qwm fotuenseunieteadb | e
acti vats(dimadiug®dadicd ruaH In § e T r( eTddrp) tg @M Yésn d
agonist antibdodi psidfpeidpddpiClCDINP| ex present e
DC surfacesCD#(treeraaccttisn gwNMiGit It | ps gt il de’compl e x)
(with -MHE@tdldess Tl ccedrmpsl ebxe)ar i ng s¢TogR)fdt e T cel
1Fhe acTiocveahmagr atef athéér apeoencdcloyrkd | | tumor
celllss FFi §ur.d8°Not atbhpyes @amhi on of andsitgeeandsy by L
St avi ¢ heewitenigmmunogeni ¢ msptruornabtoi bosnr asnéggoesl ably
thysopartdieent mmor rdP8Pc@E8T cell s are pri me:
i mmedi ately migrate to TME and perform cyto
cytokine secretion aladn cdeirr eccetl |ctatiaedaet rht creehshull kti
rel eadasenoof awhtiicghgpn s fi es the antigen presenti

pr og¢ e schonst ntghaey c°B e .

10
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Figur@eneration and -remad ai mmunn e\ dasmpodr n siensmu n e
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mi g r attuemotro el fyfnepcht onro dTe sc, €
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responses begin

antigenpfesentasson and

activated by
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1.4 Cancer i mmunotherapy

1.4.1 Cancer vaccine

Tumor amasegenvaccines

Tumor dratsieglenvacci nes represent an i nno
treat ment t hat | everages the i mmune system
targeting specific antigens unique to or oV
be eimdcawepectiuui c antigens (TSAs) ,-asusnoicg uaet etdo
antigens ( TAAs) , whi ch are normal Theoteins
principle behibmdetdumarccianeésgens the identifi
speci feins a@armtaitg are presented on the surface o
on healthy cells. This specificity allows th
cells while sparing normal tissuecodftradstj on

cancer vaccines must over ceamet i glee@a s ch alalt e nagre

inherently i mmunogenic due.'t% the body's tol
The i mmune response against tumor antigen
arms of the i mmuneDGglsday ma ®AMPRLCsIi,alsurch!l easby ¢

and presenting them on their surface to T ce

T cells then proliferate and seek to destroy
process | sadgmuuhvamded thhyat sti mul ate the |1 mmune
overcome the i mmunosuppresd$sive tumor microen

Various strategies are employed to enhanc

and present them to t he nicthmednwsgs yeaft ewh @If ¢ etcu
12



peptides, proteins, or genetic Whokei almODNA
cel | vaccines, for instareacd,veuwge ogi taHdro gaeuwte
derived) wiunoradceuviasnt s in order to activate
tummmgsoci at et dNutnmiegeoruss. aut ol ogoluasv et ubmoen v a
i nvestigat eduitn hcalvieniyceal ttor iraelcsei ve FDA appr c
approach is |li-mstsedi bmsedeaat t gomaorlfeemmgnie z e

systempasdseaidoebt aiofpiangdent ved tismdriifréd @lclugd t
somenciéAlst.ernat i wyelnye,r atth @ennesxtquencing of gel
from t ustoor si dheenppeyi fumoneoanti gens that boo

combined with oth'@r''f mmunotherapies.

An{TiRP1/ TYRP1 Anti body

Mel anoma, arising from the mal i gnant t
characterized by i ts rapid progression, hi
conventional therapies. spreifdentainti g&mhiso rh a

way fgoert etdari mmunot heéelrya pmyst eala@itee d (ThYeRsPtle a n
transmembr anaenmell ypyomorrydteeidn f f erentiation anti

mel anin synthesis and has beeR!TivynRPI1li ciag e d

i nvol vtelde imel ani n bi osynthetic pat hway, St
facilitating eumel anin pol ymer formati on. E
contributes to melanoma <cell survi val and p

been assoadwamradedvigthages of mel anoma and poo

potential as %&'%tHerapeutic target.

13



AndfTRP1/ TYRPL1 antibodi es ar e designed t o

mel anoma cel | s, initiatingprogaseddme ol an imam
action incl-tudmordiacetcit-meatdnytait e dnmaopeot oxi ci ty,
response modul ati on, l eadi ng t o t hlee t arget

t herapeutic -PRRENTYRP1 odntainbtoidi es i n mel anoi
explored in various pt&Pefinintiicall satnudicds nfi caald
efficacy of these antibodies as standal one
tumor burden and prolongingnisngliVARIIITYRPInel a
antibodies wi t h ot her suchher apeucdheckmodal i tii
proinflammatmay enyhahkucneoera neafifects and over c

mechani s ms

1. £4y2 o khienrea py

Cytokines ar e sol ubl e pol ypeptides or |
di fferenti-anfbammataonfplrammmaatnariy sighals to
mol ecul ar weéemhtbeeilnogv a3l0l yk Da .e sSelviemiatl tcuwmoork i
gr owtdh rbeyeptr odntfier-apopéobrcpaotisva tmup adfi by
cytotoxic activity ofli’slmweeeccel becagasien otf
h a-I if vaensd narrow therapeutitctheviecnnbbwes t-@wgaipnet
inflammatorvy2 cynaokthiwsye Iheen approved by F
treatment of sevéiadThenallowneanespamusn®rsate an
associ at eddo swe tlaln éaldmN ni strati on have relegat

t hese cayst o&i nneosnot herapy. Neverthel ess, cl i
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| n addiimmusmei tmul at ory cytotkhaacé s vi agewnof st bl
cedeécreted i mMmmunosuppressive cytokines t o
devel oped to enhance cancer i mmunotherapy.
chemokines for tumb¥*f igdh@ec2S*EChel C'¢e 53 TGF
and -C'SAntagonistic antihaondi emal ¢ mMRMHA embeed ol
agents thatset &arygeotki nes and their receptor s

actively explortéd®™ in clinical trials.

l nterl eukin 12

I nterl eutRh L8 @&l lpivotal cytokine that
i mmunity, playing a critical rol eddla?2er egul a
exerts i ts antitumor effects tFirgouurgeh 1la. 5con
I nterl12uk3)n serves as a |l inchpin in orchestr
tumor s, |l everaging its interactions with var

drives the polari zdatihed pd)iceddicév,e pT voelall s fiom
i mmunity against t umor cel |l s. -UTehfefseect Tive | g e
di srupting tumor vakZutlmnitgger s Ftukd hpmomdu et, i @
cells and natur al kilaepogiNKliveel éasadbaektl og
dendritic cel I-s2,t ot slec raemel imMoyriend Lt he | mmune
| F-dal so pl ays a -tcurmotri ciammmurnoiltey ibny asnttii-mul ati ng

9, which cosmtnginwteeesf fteoc tasntaind i nhi bi ts tumo
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Mor eov-22, pramotes the s2c@BLi obnolsfternngr
proliferation and @TWyl o tesxd en taicali viidry ifr eCdt8l
| 2 enhances the respons-lesegsBaloifng mmpyntaci
expressil@n refteptor s. Addi ti oral layn,d tohteh esy nke

cytokines ,-Uasnudc-baFeNsi TAIFes dendritic cells and

Thl polarization and NK cell activation, whi
and elimination.
Beyond i ts dilrecstube fl fye cmosdul lalt es t he I mi

-

egulating the production of cytokines and
cell s. This nuancedoap mramachprerdnsdres eamhahtdi
activitcegldfs and NK cells against tumor <cell s

and regul atort2mepthgsi ams, ndiL spengsamloe r ol e

mmuni ty, exemplifying its comprehensive i m

comamcer effdtdtively.

Despite its initial promise as an ideal ¢
activation of both i Nn@Tles ( MKu rtietl il sg, atnide
transl atli2Zonhacsf flalced <chall enges. Early <clin
antitumor effects and unacceptable | evels of
the enthusiasm for I tsresent nr eadeechhapsant en
sparked renewed interest 1in its olnocroddogays ap|
an adjuvant in cancer vaccines, -B3 plaag miod g

injectionstammetimgtiumdnocytokines
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Intratumor IL-12 Positive feedback

loop
Naive T cells IL-12
polarization IL-12 receptor
expression
T helper 1 cell APCs enhancement
secrete
Vascular distuption + 1 [rnp.q] IFN-r| + IL-2
systemic inflammation
IP-19 CD8+T cell
proliferation
v &cytotoxicity

Anti-angiogenesis enhancement

Figur éekllP. Smechani sm of Mud-pto b e +ltkampld darmd & m.o r

i mmune rmapohges hrough the Thl polarization an
secretion, resulting i n-anmgimogeneasscul aff f eccits,r ua
cytotoxi tT tceyelolfs .CDS8

Il nterl eukin 15

I nterl eukbn pfon &l amenpt okiyne with signifi

i mmune regulation and has emerged as a pr omi

|l nterl euk5)n pdl5ay(sl La pivot al role in cancer i
interconnected mechani sms that collectively
cancer. lts actions are orchestanatedathoough
i mmune cel |l s, foll owed by theitro pamlerflamded
antitumor response. This approach not only t
the i mmune environment to sustain an effecti
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Firstidy, dilrLect tyi taiodtreulmat el | s invol ved
responses, i ncl*urdicred INK a@elldl sNK D8 el | s. By
receptll6®R,1BbLtriggers signaling pathways that
these cells. As a‘'Tecscellts IN&Kcamé | morae de fCDi8c i
and destroying cancerous cell s, a cruci al st

t umor.'dass

SubsequelnSt | pr onhoLt e s t he proliferation ar

activated i mmune ce]l | suc-Rinhhatklehiogthhte ra hcsyot osktiin
cel] lwhich can suppr eslss asmpteicti umaocra lil ymuemihtayn,c el
of cytotoxic | ymphocytes wirtgheolult¥ hfiasv osreilnegc tti
action ensures that the i mmune system's ant

minimizing the counterproductive effecofs of
|l 15 contributes significantly to its potent
mai nt ai ns a favorabl e rati o of ef fector

mi croenvi®onment

Mor eovks ,enhances the survival and funct.i
aspect is tevmi almmuboosluowegi |l |l ance and the pr
By supporting the peéT sd eltllesn ceenlslaufr eme mcrayy G &
system remains vigilant and ready to combat
This prolonged 46fscroledensoaotesnlly treatin
in preventindgopmemdat Flbf wlalm deghwnedort dnieze t mietr ap e
strategi es, such as adoptive cell transfer,

more robust and multifaceted approach to cart
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these thebapioasyri butes to a comprehensive ¢

aspects of the tumor and its microen¥¥i ronmen

po

cy

pr

of

t

t

(0]

Whild451l bhas shown promising results in c:
gue ability to enhance the I mmurevsystem'
eded its appPneval bpnetpei MBABAytbenaeyns swi
ential for severe side effects and toxici
okine {llbersapiagpsa.ciltly to activate and expe
l udi ng "NKcalnlds CDBai ses the ri sk ,ofwhciyctho k i
ifests through a spectrum of sympt oms f
ditionesrdgakedynsafdamcti on. This i mmune ove
icate balance HN1égusi thedriapehai cagoimapoi Al

mf ul i mmunheddiersg othas etshe t herapeutic conun
cancer Frless.p ofnhsee sv atroi albLi | ity in tumor type
significantl y-1&bfafsedt ttrlreatmiedit sa mmgpByyoiev &t
i mmune respdrmse wihndwecedd fhyrkebc&85 in thi
eptors across tumor types and within the
predictability and €oanshetrteoncye, of her paband
ivery of bi-b% ogocat !l vy niadaslinv asseetL pafe sema lsl €
uring the cytokine's structur al and func
h devel oping deliverytmethani snmsnehatsophn
voking severe side effects, are critical

these processes adds an-e6b6héehelFapeesot odimé
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The journey towar d FDA approval require

emonstrate the safléty Waltbth aénldf i ictacy derfi vialt |

ndergoing clinical trials to determine thei
athppooval i's a wor K hien aphrad/gereensgse.s A dsd reesssseinn
uccessful devel opmebhbhased ERBAcappt bhealapof sl

c fusion tiemmnobdtogtyokindes

Fc fusion technology is an advanced bioe
herapeutic potentials of biological l i gands
i mmunogl obul ins, particularly | g G. Thi s

har maccaoll ogir operties o f prote@irmt @dirugs, ze na

har macokiimeptrioved solubility, and reduced ¢
herapeutic activity. The Fc region of thes
ecepbtBn) ( enabling recycling and protecti on

xtends-ltiHeinnh'@¥frcul ati on

| mmunocyt ookdfi mEiSO N ,cryetpo kei sneenst a sophisticeze
i opharmaceuticals that i ngeniously combine
ntibodies witimotdlueé apotnhgnt uinmmumes of cytoki
ol ster the fight agaisstrateggehasTkevel viedr &
o] | ocali ze cytokine activity precisely at
herapeutic efficacy while concurréntyly mit

ssociated wit@neydfokt mne hadlelrmpryk benefits o
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bare cytokines is their ability to reduce sy
targeted action, whi cchurmami t iss & thees etxposyuytr ek
reducing the adverse side effecter aogiteesn. o0b
Moreover, the precise |l ocalization of cytoki

but al so signi fi ctanmdry ipnonhuemet iraetsepso ntshee. aTnhtiis

can | ead to more effective tyheorka pneeust i & hoiugtl
promising moda?®% ty in oncology

Despite the <compelling advantages and t
i mmunocytokines, none has received full FDA
sever al i mmunocytokines are advancing throuq(

safetyfiaodcy prphabesstodieas]l yThese ongoing
variety of cancer types including mel anoma
burgeoning potenti al of i mmunocytokines to

signi flfPcantly

1.4 mMune checkpoint blockade anti bodi

| mmune checkpoints and cancer i mmune escape

| mmune checkpoints play a critical rol e i
serving as regulatory switches that can eith
checkpoints are cratoil&@rahoe @&aadntpayenbeymd¢ i 8 gl

downegul ating I mmune responses. Il n cancer,
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functioning of i mmune checkpoints can contri

cancer cells evade detection and destructi on

| mmune checkpoints include a variety of
i mmune system, respoinsli &t anderaméi moduhamnign g
and duration of I mmune responses to mini mi
checkpol oQiTeL-Aa nkDB1, along withudhmeaswhliicdpands,
pl ay pivot al roles in controlling T cell ac
The engagement of these checkpoints with ¢t
cyt okricmckkucti on, and cytotoxic function, thus

system and .fautoi mmunity

Cancer <cells can exploit these i mmune che
andetdysregul ation of 1 mmune checkpoiBryts 1is

upregulating the expressi-bfh, of umbesk-pannendte

1 on T cell s, |l eading to the inhibition of T
i mmumeedi ated HBHBesthecmooe, the tumor microenyv
to the wupregulation of i mmune checktoi nt s,

supports tumor growth and metastasis. These
proliferation of cytotoxic T |lymphocytes, cr

Effective cancer therapy must overgbmenghes:

the importance of i mmune checkpo%®nit®®inhibit o

23



T cell exhaustion and i mmune checkpoint bl oc

Tcel l exhaustion [ a critical phenomer
effectiveness odfuei ninou npr orleosnpgoends eesx posure to
i nfl ammaBExmaousted T cells are characterized
functions, including cytokine production an
expr esnsulotminpdifiebi t ory retep¥ioman8uchBGas HSDat e
exhaustion hinders the i mmune system's abil.]

to the persistence and progression of cancer

The under ss¢alnldi eaxdhadstlTi on has paved the w
cancer i mmunotherapies aimed at reversing t|

i nhi bitors, which bl ock -I/hROj n @AT/hBA% )o,r yh gvae h

showmccess I n reinvigorating exhausted T ¢
responses and significant c 19 i whi i cl ael obt ehneerf i
i mmunot herapeutic strategies are i mplemented
antibodi asn emegeyesi eghausted status of I mmt

mi croenvironments Dby bl ocki ngh echkep oa bnntosr noan | «
surfabes, pntghveenit mmune evasibMms odi sccaurscseerd caeblo
antibodies t B8aged/PBLgl plaLtAdway s have been suc:¢
clinfoamltyeating various recalcitrant cancer
regul atory receptors on T cells, other check
incl ud2!*CAERI®TI GESTYI STA, anedt®BHowever, the

heterogeneity of exhausted T cells and the
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necessitate the exploration of combination t

overcamél| Texhaustion

Programmed cel |l death 1 and programmed cell

PDl1 is a checkpoint receptor | ocated on t

components of t hree sapdoanpstei.v el tismmanrrle s piosndi ng

expressed across a diverse array of cell s,
i mmune cel-l1/sROTheai #Di s critical i n maintai
facilitating the ifnfmaurneen tsiyastt-seears &l farbfi rl g ehrys ¢ rot

averting autoimmunity by tempering T <cell
neoplasms have been observed to manipul ate
themselves from | mdnesiter wsautriveen.l | Blmice iammun e
underscores t he compl exity of cancer i mmu n

therapeutic talr/glel si wi ¢ehaaotitbdbe P®r oncol ogic

The interactiddn obettvneeensuRD ace o0fl neopl a
receptors on T |ysmppbopcgsebhgatmimatesni and i
Thi s i mmunol ogi cal checkpoint serves as a
circumvent i mmune detection and anni hil ati
antagoni zli/nhO t Aei #Drepreserct sta agiawptla If yt her

host's i mmunol ogi cal of fensive against mal i
monocl onadilesantamlpgeandd PBRr e engineered to

i mmunosuppressive interaction, thereby rein
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identify and eliminate cancer cells. This ap
spectrum of cancer types, ceimptiagti ednagntiheur

i mmunity as a cornerstone of cancer treat men

Cytotoxic Tadygyopihatceyd eprotein 4

Di scovered in thée ilata mé/Bber CTLAhe in
superfamily and serveselals actniegattiivre. rletg uil st
costimulatory molec#4dl andDZ®28h m@dChd® Gy HBTd AB7
2 (CD8ABCso.n While CD28 provides a stimulatc
activation and sdsetviveabk, a@TLAhibitory sign

activation, thus serving as a critical i mmu n

CTLA" s mechanism of action is multifacet
l ead to the downregul ati on edngdgragerdntf umictth
antigen presentedthynudmtAP@, iGDZ2&quaored for
CTLA competes with CD28 for binding to B7 m
effectively outcompeting CD2I8atamrdy tshiegnrealy. i
inhi bition reduces cytokine producti.on, T ¢
Further moedr es,i giTalA ng promot es tThegetlegsel whmeht
play a critical role 1 n maintainingred mmune
celsuppress effector T cell functi ons, furth

responses against tumor s.
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The inhibitoHdy imolTe ccefl ICTalcA i vati on pr ese

cancer i mmunot her adp)y .-G Bliyd ba notcikbi ondgi eCsT LcAan enh

ac

tivation and proliferation, |l eading to a

Thi approach has been explored in various ¢

carcinomamaandcreod? Pung cancer .

Current lofmmmuwuntda onmtseckpoi nt bl ockade antibod

Recent advancedavarlk@B | tyh ermehpminecsed oncol oc¢
modal i ties through the strategic-4t,aslRgeti ng
and-LAD These interventions aim to reinvigo
l ymphocytes. The tcleisrei céale raappleisc ahtaisony icefl ded
across various cancer types, mani festing [
compl ete remissions. To augment the therap:
toxicities of JedBnetththerdaodioes e sc watrtei bgei ng exp
are the depl oyment osfpetcuinioirc nmiacnroomeendviicrionnemedne
and the wutilization of RNA interference (RN
checkpoint 'Afamneosbd oicnkneorvsat i ve strategies hol d
precision and safety of | CB therapies, there
par adi®§ ms.

Despite these advancements, the clinical
two significant disadvantages: | ow response
response rate to these therapiesi eéstsnodett,
responding to treatment. This | imitation i ¢
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mi croenvironment, which can suppress | mmune
from i mmune surveillance. Fact-btsesprés aaison,
and the frequency of i mmune <cells within t
i dentisf ipecdi ctors of response, yet accurate

from I CB therapies remd%°ns a significant cha

Mor eover, | CB therapies -rcedmtierdd uacdev ea sea re

(i rAEs) t hat af fect vari ous organ systems,

endocrine organs, and |l ungs. These toxicitie
Tcells against nor mal ti ssues, l eading to
occurrence of severe irAEs can necessitate t

cases, -thAnebhéeehihg, further compligaitmgpg t he

| CB tHeé apy.
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l.lcal mmedot her defdad wteircgs

An alternative to systemic administration

TDLNs via |l ocal administration (intf@der mal l

Though Iymphatic dysfunct’/itoffdLiNs faogendk niowns c

accumul at e antigens f romp rdiymea guamrbtuimolr cced |l |ss

Neverthel ess, dysfunction of DCs in TDLNs

evasion Yyheelmovery of i mmune adjuvants to

TDLNs could be a vi-abmer st mmtegtyytwhbbesavan

toxicities induced by systiémBtuddems nhaveaf b

that the size of NP has a stf8omad |i nNfPlsu & necses o

30 nm delivered via intrader mal liymjpehcattii acn

capivdasegkessbt® of | ymel iDdesshe wher eas 0Oarge

nm can only reach 10 % of the same cell pop

could be uptaken by phagocyt iléNatedBdIsy prdmal It

sized NPs may not be retained in Iymph node:

the systemic,nbelcoeosds ictiartciunigata omorld® fr equent

I n addition to intrader mal delivery to
confines drugs to a target |l esi on has recen
address the challenge associated wityh effi ca
toxicities are Itiarket#du mof fsgtsit munli &t ioan omf
|l ocal injection, I mmunotherapeutics, such
and bioavailability to contacdandithud hienduluhceae
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stronger i mmune resporsget Qoxtap toksthad, ac

reduced whemodhé ait mmgnagents could stay in
systemic diffusion and resulting in reducec
i ntratumor i mmunot herapies havepl gahoed m
preclinical/clinical trials are currently u
i mmunot heFiapemné&’i®°cffo( | ocal i mmunotherapies h
by FEFBA for cancer treatment: i nt TGuwRersiincul ar

bacteria for the treat ment of bl adder cance.

virus (tlahiemppaeregevec) for the treatment of 1

A B ICD TAA- Immune-
inducer targeted checkpoint
DCs molecule
NK cells
@ CART cells Immune-
( Cell TCR-engineered T cells TAA- Cheékpo]nf
ongZ based based \EE
-base:

agonist

Cytoki olL-2 Pathogens
o teknee _eil-12
~——@Cytokine Bacteria PRR agonists
|, ————DNA® < ®ICD inducer
—OTAA

Oncolytic
o0—0 s
r molecule ICD inducer

TLR agonist
@% PRR agonist @ —<—:STING agonist

@RLR agonist

STING
~ agonist.

N— Pathogen @ ®Virus X RLR
Bacteria agonist

®Immune-checkpoint molecule
N RNAo—éaCytokine

——@RLR agonist

Cytokines

Small ©Cytokine -
N protein Ll?l37 YA Oncolytic
proteins molecules
\ Immune checkpoint-targeted
mAD: CzTAAdargeted

Figdr@urrent | andscape of acti viemnoulniontihcéarla ptireisal s
Classification of the different types of i mmunot
in clinical trials involving intB¥Yitsamaluiradt admi o
the number of c¢clinical trials for each type of
whereby the circle diameter indicates the relati
i dentRiefpireodl.u Nead ufrreomevi ews 181 O9n)i( @&R 10ncol ogy
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The number of preclinical studies of || oc
been incred8EifMmmgrop@fdmhi®dresneedi®@npahygtiesgel
mat rrf’é®®kave been used to provide sustained re
in several murine tumor model s. However, th
systemic circhémeogemeadwse &amdnloamarge pore size
stilma ory agents such as cytokihreess uti@alcke od ¢
for intratumor al i njection to | imit -their s\
tumor i mmune r &8%pNUlsetshelne g ucnoorjhe b & thieonin € la |
ofcompromi sing theTbet askhizzheédd bNPosa cweirvei tayl so r e
tumors very ogmokcé&ewlgameerusng technol ogies to
coll agen bt°hdiisn gp opremttdian f or e nnmeatnhcoedds tiusmo r
' imited by the col |l(eegln6 EB%)t €annd h et & rhceeg & uanwo
di stribution due t oEvtenmotrh ocaodlhi naugeeunm gt huyr dnroovxeir
(al um) encapsul ation method | mpr®vtehde t he t
complicated genetic engi Aeoer isrccal met hmand Isiumiht
becomes costi°Wotonechlhe dpvel oped a univers

applicable to most cytokine delivery.

We hereidadgepépplk st rrfautseigoyn fcoyrt onko snte HFdce |
usi ngsil aedyepmahadrcilreg met heddsndiing wheipah daen (Hcc
selected to be cenhgpadapadt oot e & bkeyftboake gneeTshi s
to phybsiichal ity FcBP on the particle surface.
cytokine structure and functional integrity

cytokines and i mmune cedslizedMpabdei operfcareidldy
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in the TME for a prolonged period with mini

resulting in negligible toxicity.
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CHAPTER (I PEBEXGN VI §SDUDODF LARSAEZED

PARTI GANBMCHORED CYTOKI NE DELI VERY PLATFORWM
2. 1lntroducti on

Cyt oksiuncehs as i nterl euki mrged Lgpendarnedt @ dh t peartf een

proteins that provide PhsdPro’enfvammaeortyociym

such-2asamMd2,] Lcan stimulate innate and adapti\
with other i mmunotherapies by amplifying an
overcome immunosuppressive t'ambd¥smitce oenvliy

regul atory -@pmmadéloAFNot andet®®ttPleeatanckmpgt i on o
syesmi cally administered cytokines in the cl
i miti ng§®®tfohxei cdiotsye of t h2) cyegki med t(@.mgeach

l evel s in tumor tissue therapy inevitably ov

Howeehi ghly potent cytsokimméatcan o&dudeg mopn

healthy tissues,-l il miatdiimg tt @ox isciwtdiragtse d oSswycsht ei nm
toxicities curb the clint?al translation of

The <challenges o f circumventing systemic
recogni zed for decades. Tethering cytokine

poly(ethyl eneofglyamvyenthiyomalansonspecific bio
extend the -timeubftcomj hgafed cytokines but
products that | ose structur al i ntegrity and
(e. g.et hpydleyn(d 29| yhcaoMie) often been ha&P%ted due

Aletr nati vel vy, | ocal (intratumor al [i.t.]) ad
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strategy for maximizing their i.t2 arnedt drti on
12) enter the systemi®°3c?%wibflgattioont hweiitrhilno wni
weights (~20 kD& flox) .1 LMoreover, I .t - admini
| oaded nanoparticles also f ai I[Fsugteo) 2e.nEhoarnc e

example, 24 h aftemm .Iti.posdrdidmictr radteiddrs ua ff al

onl y%~a80 the | iposomeWikemaisniin.theajecmoon
encoding mMRNAs encapsulated in |ipid nanopar
6 h -ipnojsetct i on, and protein | e3d’&Mosr egvaduyall
i mpl antable delivery carriers such as scaffo

rapidly entering t h%!Pbceicracuusiea ttihoen pwoirtehsi no fh otuhr

Om) are much | arger tha*°cytokine molecul es
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Local injection of small-sized particle or free cytokine

small particles

* low tumor retention
* rapidly entering
circulation

tumor cell T cell activated T cell  extracellular matrix

Figure 2.1 I njection dfoafdrae nanwtophirnkbe l st B nt ok
cases, the cytokines quickly enter the systemi ¢
resulting in systemic toxicity and | ow therapeut
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Anot her delivery strateg¥inding pempki ded
systemic or i.t. administration, the idea b
tumors would result in 2ffeHowewnerof 3 hadays n:
injectiow,ofontlye~lliOnked cyto¥heepooemaieneinni
presumably due tdo sthe bnei emo@enedws nover of
Very redeéentflus,edl It o a iph oslp mawapde pdt regllierad airme d ¢
tethered to aluminum hydroxi de*'®hhg upamtti plae d
weretained in the tumor for more than a week
as well as many other strategieg?i&nwdl ving
TMEB ensitive m@s¥etdguouiyteki apagi heerpngt eéiechn
and i s not uni versally applicabl e t o al |l
technol ogies can bepepipems ethao wialklke bamper

transl ati on.

Her ein, aMeacridporsttrategy for noncovalent
avail adabulseedFccyt okines (Fc = fragment crysta
particles dé&édnrdatngd pigtt)h2dEen(j ect i on of such
tumors resulted in prolonged tumor retention
and more importantly, -sheer deSianhcdes ntthtei npea rwai
anchored cytokines have prolongede ianbtlreattuomor

induce dtuuoumblei mmttne responses.
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Fc-cytokine
D

incubation

>

Size-discrete particle with Fe-  particle-anchored cytokine
binding peptide (FcBF)

*+  Fc-cyiokine commercially available /easy to produce
= Simple formulation amenable to various particles

Local injection of large-sized particle-anchored cytokine

local injected particle- particle-anchored cytokine
anchored cytokine locally activate T cells

particle-anchored
cytokine increase
immune cells infiltration

* Prolonged tumor retention of cytokines
* Low systemic exposure /minimal toxicity

@)

activated T cell  extracellular matrix

Figur ®eg2i @n and formulation of a l-aonccalorcdl i ver
cytokines for canmder siethracn e@tdh d&rc®8pPy was covalentl|
surface tIMH®ughe BIDLCt ry. The Fc fusion cytokines
FcBP. When injected i ntraytuanoirrmd |iynti eaxrt ac tt h ewit tuhme
surfsaacd ace communicati on. The Te xchelloliyst eleorxd cpr i
activities, such as secreting inflammatory mol ec
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2. Materibét monds

2. Leher al met hods

Al l reagents were purchased from U.S. su
protocol s, and used agt hreercweiisvee.d ANl esspeirnic
performed in a biosafety cabinet or fume hoo

Heal th Administration regulations.

2. An2 mal studi es

Al | ani mal work was conducted in applian

Guide for the Care and Use of Laboratory Ani

Tech I nstitutional Ani mal Care and Use Commi
2. MiTe and cell |l i nes
Bal mm/i ce GtdBovee ks female, from Jackson Labo

mi ce we-heugedup5 mice per cage) -dadkmaiynt ain
altered every 12 h with fr-eeeaccensditoowat éen
faci | igtiyniian T\icrh . Mur i ne Dbaseraisgi rcalnlcye rp ArTclh <=
American Type Culture Collection (ATCC, Ma n ¢
37 AC %wGQ@ihntceul ture medium according to the
wi t h% hleOa t i nactivated FBS and penicillin/str

Grand | sl and, NY) . Al cells were tested to
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2. Bubcutaneous tumor i nocul ati on

For subcutaneous (s.c5l) MMoTaelbl atbbn56f O&"
sterile PBSicojlédt evedrent o balbdmalkeu onfiieanee c k ¢
anesthesia wditreg haofrl wasne emoved. Treat me
tumors ®KB@&@acOhetminThe body weight and t+«#mor si ze¢
days. Tumor | ength and width were measured W
was calcul ated using the following /2quati on:
Mi ce were euthanized when their tumor vol ume

mm) or when their ba®d% weights dropped over

2.55ynt he€yiax ilknéeb dflqerdey )7

509 ofFSi noBi ol ogical) waRBSdi sSysMd@®@d i n O
ester (10 equi v .-(-DiLmentihpyrloabrtippe o b p b psNF bodi i mi
hydrochloride (EPRCdrilOheqwewve ,i @Bmgadiaat el y tr
solution and reacted under stheni ngahsfepbvwve
di al yshs ¢(1id8Da 48e mbr ane, SpectraPro). Al ste

to avoid photo bl each.

2.65ynt heoilly sagpfpreme |l es sur flammunegldcGoFlct leidn wi t

region bing@dpPBgBRP)eptide
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| mmunogFobubgndnngF @Rdpet g udéeic G&HSNVR G WV
Peptide 2.0) w®#38Sdi(dlmgl! ve@ao b mmpoylleyds t(yRr e)n e
mi croparticle (D = 1 0m, Polysci eniN-es) was
Hy dr oxy s u(bl el Biigailadde)s aclhut i oMHY ERCImo |l ar rati o)
15miFeBsPol uti on was then transf:erlrOe)d atnod P S asco
under stirriPgcdPRermjnugatte W wtalkdeend r3 ftuigme s
(80I0g0 for 5 min), and the supernatant was di

i nTPABS (/&Dmgand stAC@.ed under 4

2. 7For mul at hanaeaenhdr Ed atsiedir?2 | dfELQRi)mmobi | i zati on

onSPcBsPur f ace

Fd 12Si noBi ol ogi cal-MO2Hvaal ong x @& CBaPR b
t hFed 11 2 /-PSBPati o ofWw) l1anf {wcubatedACofooVRT NI ¢
4h) . The fpamrmulcdteeldthz HAP2)dasF¢ hen washaed 3 ti
t hceentri flugef dr8 050md nt)he superThhae amellslwdatse ol i s c
resuspended in DI water f ordyrmamind nlgi gH te cs o af

(DLS)and Zemaapoteméenhtl

2.8Characterhdzaadongoéfficiency

FeCy7 (/40mlOgilh) PSS e mi-keBPws orhg ®Bord (1
incubat edAChoaderovdrni ght . -FIchBEPeCY D r muelr @t etdh emS
centrifudgdfar 8000ni n, and t hleh e ufpleur mrad sasmd n c
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i nt ensiotry go-ywd# héd&rcd the supernatant wer e i mag

COR Biosciences Odyssey Infrared I maging Sys

2.92.n wietgmramadati on and rel ease-Cyt7rfudy of parti

The forPisat BP®YRas soakHE&BiSndbFetthal Bovi ne
Ser{FmM)IS ol utions at 1 mg/ mL. The supernatants
i maged LICOIRnNngBi osciences Odyssey Infrared | m
wavelengthT8@0pamticle size was (Zodnasiczeri z

Ul tRrealal vern PRanal ytical

2.12Enzymenked i mmunosor bfeortl Padsedye c(t ElOINSA)

Fd il avas i nculP&tceBlP waitt ha nia0s satr a4t i oC offorl 1
obtai n-apahborledeiPR) The mi xture wass0di@hen cent
for 5 MmMhe supernatant was coll et tle2d ,waasnd t h
measured using sandwich ELISA methods accor

protodkelt mé Fi sher #Segi8e2nit)i.f i ¢, catal og

Cor EiQmshk 018 ELI BABipricattdetyed Owi tOh / wel | of
capture &Lwomtithbhody Biuf f er and4d A c uTbhaet tepdle atvee r wma :
bl ockedXOOwi@elfl ELI SA/ ELI SIPDdr Bipaendwe gdt s
t hen atddledd0 t OL 4 wel wel | s abidl utned b teedc tfioan 2A

waseatded t oatealthO a@didlovelb dt ,eds flmgeduéint to wh

41



OL/ well of -HWRP uwaesl a&Added nand i ncluMBitléd)for a
Sol uti snubweaesgaikdhdd yand i nmiyrb aftoeld ofwerd OBy addi
OL/ well of A3tlome®amldwetri o m.om ttehnep eprlaattuer ew aasn dw a
3 times usi bgetWesh Ba&ghdstepcepae edaddidi ng 2
seri al dilution method and a total of 8 poi |
100 fOLEWl SA/ ELI SP@F Dakcukgnorihfed pd arter ovla.s r ead

nnndlat aamwalsygziemg Ori i Nor&dbfampaoa, MA)

2.121l ntrat umor al P &etBePaCtyidonmivhobe dy fluorescen:

i maging of mice

Thealmice were firstly shaved, °stdldcut anec
cells in 50 OL PBS T(hilela) hdxcet Wer bat-kde&i hbhch
food for at | east one week prior to the st
background adt®ndeuotrlees ctemm&®b nime ac/mBbRISOygo -~
FcBPLyirn 20 OL sterile PBS solution (11) was
tum@hol e body fluorescence i magi n@QORo f mi C ¢
Bi osciences Odyssey | ndxairtevadtviecdmaggnlgy &Stys 86O M
Tumowes e codhegacnfde d maatged t o get fThe fAhabdbyssse
of the results was <carried out using Origin
normalized fl uoridgganencce )i nctuerrnvsei tiynt(ol )an expoc

according to Eq. (1) .

= a K A pb (

4 2



wher e iarrebal T constants fitted by Origin
curve fitting was the peak value obot he nor
24r. The oivtadiumedva® used t o-l clbkasweldatoen tEme d &«

U=1 @ TiL (2)

Note that the fluorescence intensity at t

2.125t atistical anal ysis

Statistical anal ysis was performed using
Sample sizes were indiGapeadiisonesabletiveguor gr
assessed -Whsii tiygeeMasm d eveb) . Si gni fi cance was r e
*P< 0. PPx, 0* DR O.*0*01, and notnvsil greisf iamants perc.

statistical met hods are indicated in figure
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2 RBes wmintds di scussi ons

2. Faki l-eownalnent ancywbobokinge ofoFgarticle surfa
The advent of endoscopy and | apaf3scopic
has inspired researchers to develop | ocal

unresectabl e tumors-swrgicaal badjuusveadn ta st haat p ogs
i mmunities to . pPrew¥wontl orcaadurimamumet her api es h
by the US Food and Drug Admini st rlaitmiotni fgpr
protein therapeutics are in cll@e8octhibotdias$s

(NCT0305828830ding MRNA (NCTOBAM@GSDOInd and t
TNRE) NCT04362¥%¥1Meyerthel ess, there is no func
designing opti mal it delivery agents that
t herapeutics and mi ni mize their systemic e
including cytokirmds,ont hmeusltoaalmad mnowentthi n th
l ong enough to all ow productive engagement
transformergl uchmdneumors to tumors with an i

| n addi unbnke convepéubhnats t hamotnhuesrta unde

internalizati on, cytokines do not have to b
engaging with receptors on the surface of in

Conventional bi oconjugation techniques of
with | oss of the st fwhti hrealkt hiensepgrcifycamodl &c
of cytokines is not generGylt odnd ecvanai btehedi f f

engagement of surfacaeandetcédpyod® owoti . maenet ©e€
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Ther gf et eiurctteugradt ed cytokines thatrarkemancho
t hamcapsul attheed pnarathiiomaeisnt ai n tlmeisre alyicdia cotfi v
generalized strategy that <c¢can weadditHied iFzaec hor
fused cytokiedas f andcmdteuied ®pzi ng the binding
regamae tbhiendicng peptide (Fc@BP)ygro@RAdhuesepdarti c
cytoks neomposed of an Iimmunogl obynodfl ges) Fc
interessed Fproteins are easy to manufacture
proteins (e.g., tradé®PThumahb sarmbdkecaeastexiFeabi)n
solubility and stability of the fused protei
the prodiWetti bemrref ore hypothesized -ftthsagd nonc
cytokine to the FcBP on the particlad surf ac
integrity or bioactivity and that anchoring
i njecti on -noofditfhiee ds uprafratciec| es woul d enhance |
drive tumor growth inhibiti on whfi Iteh emicnyitnoikzi

which | eads to side effects.

We selected an FcBP with an?%@mihnchadbiad se
a reasonabl eaff0ea®k)y When Fiche peptide is inm
22A GGGGS spacer MNsaesr midnduesd afo tthhee pepti de t o
28We t hen conjugated-ftumetFphhytsddrdamled XY leat e
using EDC/ NHS coAf(udat iGomolc lod micatrtbyoxy | at e pe¢
%9 To inwddteicgatod tplaeticle size on tumor r
because they can beipcekpd2medOmanddmict bt e si:

narr ow-spazret idc ls®tnrdi It thteiyomdso not aggregate in b
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1The EDC/ NHS conjugatisprcdéliemi stmry hwas calsemd
N-t ermi nal amine on the FcBP was avaidable fo
decorated PBcBRytweltesi (Palbatl edCyWidt E@Y T at e
PScBPCYT particles. TheCyl70 aidni ntgh eesfreft iifotiluesrsceys cc
was deter mi% gdb 2t Ogbeof98 c per milligram of F
fluorescerRcguirmagi B&r,e c20.n5fA r miPn @ nt h date tolae t K
surface bound-Cyt7r oanrod leyc utl @ st. haVeF@a |l sfousendcubat ¢
l 12 -(BEQ) amadBRSat a mass ratioobafailns IpCarati c4
ancho#ledl(lPEASENMmagel 2 Pndicated the presenc
t he partiFdlga rGeD),r2f.a8c et {e bare particles al/l h
i ncubation while they hadThreousglhi gshur fcahcaensg ea f
potenti al bef ore and afhtogrdd@ Hodrnu btaltd oma ri tnidd Ice
(FigunéB).2.Besi dasf adde mordd-f BQataitotna ¢ d menrott

significantly ad fewitdegmadd chb e Otshhiesgiu2lee5s Z2neas ur

D) .
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A

trﬁde COOH

.
N 4

@% —] Qrtijle —
0 5© 4 Q
)

After incubation with Fc-Cy7

»

PS-FcBP  Fc-Cy7 PS-FCBP/  gypernatant
Fc-Cy7

Fi gurFeorZmuwl ati on and ¢ haraancctheorriezdaAcsyotheku®n epfar R i c |
FcBP formulation &8Rdpcesekhintiaechbubngscence in
of the formul ati erEEpEmoed s uoAERigawred nafmdat ed f
6 h and then centrifuged. The separated supernat
pell eted particles GhBwpdesénbagi véuscescoiengeel ¢
i mages of PS pLalrata aod reast §d &/ 1) amtd hctl)esaf(-t er i ncu!
FcBP wi#lR Boed purification. Scale bar: 2 Om.
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Total Counts (keps

PS particle j\‘ Mean zeta potential: -52 mV

100 0 100

B
éfe*OS . .
s P-IL-12particle Mean zeta potential: -49 mV
5 'e*0d ] ] , ]
= 200 100 0 100 200
C
T 50 1
PS particle P-IL-12 particle
25+ 404
z 209 =z
g g 30
5 § 20
210 £
e 104
0t T 0 T T 1
0.1 1 10 100 le+03 le+04 0.1 1 10 100 1e+03 le+04
Size (d.nm) Size (d.nm)
— PS [Steady state] — PS-IL12 [Steady state]
Fi gurlen 2widtarraact eri zati on of pArSBircfl ec ea nxzehtoa emo tcey
measurement olf 1RPS( bCo pDHPmpanndi cP | i ght scattering c
PS (1 Om di ametldlr2 s(irzieghtl)eft) and P

Anenzyimenked I mmun@OEbI®&nd alaesd atyBbatof | ess t
thel2Lremained in the supfFepgpo@d Mmitamlfyw,erwlhcem:
incubafcBCPS partPBBedbuf wEBSorce? | cul ture
(FBS, fetalathé®7 we s$eund) lodCGyW/ctman rRel eased
the soliveti oRiddavy§ Zand the particle asi zes r €
character (FzgdsBr)ye oonfSi r ming the prhodBbBmRh/gked ret
Cy7 in tumors with nihreismeaolt edkisidygseddgieadt itchmt

physi cal binding strat egfyuswadsn esyutiakatbd eF o BR

decorated particles.
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>

1004 100
101
. . = —=—in PBS at 37 °C
& 804 S 80 Q —s—in 10% FBS/DMEM at 37 °C
& < O g
= g w
o o ‘5
§ 60 § 601 % 6
5 § 2
g 40 o 404 2 44
k! = =
T 20 20 E 2] 7
(@]
. | — 2 L a—
particle supernatant 0 T T 0 2 4 6 8
feed supernatant Days
D
1 P-IL-12 particl
.| P-1L-12 particle > don lpar e
| 40 - ay release
7 day release t dy'
= 20 : = Stu N
2 study in PBS ey y
] 3 FBS/DMEM
z %7 z
E E 20
£ 10 £
6 10
0 T T T T 1 0 T T T T 1
01 1 10 100 1e+03 1e+04 0.1 1 10 100 1e+03 1e+04
Size (d.nm) Size (d.nm)
— P-Fe-cy7 day7_11.3.23 [Steady state] — particle degradation in FBS_11.10.23 [Steady state]

Fi gurlen 2wiibtnrdd ng defiredancypyn, and release study o
CyAFl uorescence intensity meaFcuBRCyetntp aoft itcHe ss u
Fig2argmB BEayylmenked i mmunosor bentl2ascaryc anetarsautriem
remaining in the superQrlatea mte assfutr€ymeéinm e lolf & t$icom n( r
PBS (bl e BSHDMEBEM (r ed; FBS, fetal bovine ser um;
Eagleds medium) solution at 37 AC for hzeven da\)
sol ub,E®PEcBPCY¥Ct size measurement (usindgaylynamic
release,sctodyirming that the particle is stable
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2. Paztamcdheored cytokines accdaeanué mdent nmd nume

Using | ar,gd ypad rctail dilge dfems weie.nt 0. &r ug del i ve

rarely studied, presumably bbyaceél shehaar s
par t.?Pé?¥deswever, internalization of <cytokine
cytokines initiate and amplif-yuirmaceer eespbao

24Because tumors have distor t2€0d vaBwe |l at ur e
hypot hesized that compared WIOOh nsnhalwloup @r tsih

retarded clearance rates and prolonged tumor

To test our hypdg&@PiSsc,BoPavet ancbhoeretl varic
includingOm, 2 0@end0i 6j ect ePdF ¢ BFRC yreasrutlitcilnegs
into subcutaneous murineandmhl brfé atr esaomnc s
studfiggai6h .2 .We Omupdrticles r emaovneerd 1 nw etehke
after a single-l dbee=(81MLefarrchedy @ nun anin® @ s
FcBPCypgarticles weratquwif( &lugroodsraesdasl 7. 1 ar
8. 9 h, respeep i ¥.Holy@BWRalsati ndi s p & ryFab lbe nfdor
to the particle and be retainedFd&ygWwabe t umo
washed off the paRitgu®dlhe 2c dreffiomrmi naqjtelcdti otnhdr

nosipeci fic bindin@Qy. et ween PS and Fc
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One week after R injeofeonhedf witthke « a
formul ations were collesetcéeddamdommadinee. t Tiam
PSS cBPCY¥T partikilghésboaademseways, wh7,chl3. 8,
17.3 times as strong as that of tumors resec
or -2MmO0-PEBPCY¥T particl eBGy bor mwe dnhke Bgie@kelFE ( n
al | CagemdB) 2. These results col 0ectpgavadiy den
surfdeaceor ated with FcBPnNBshofnuesdefdl &mogleerc uil.ets. trh

smal |l er particles. Not & 2t Oant off aretni «ll oy gveidt h

used for i.t. injection and were thus not us
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A PS-FcBP/ Fc- Tumor Cy7 fluorescence post 7-day i.t. injection
Cy7 size

1 um

0.2 um

Free Fc-Cy7

— 1000k

100k !

alk -
_—
L

Tumor fluorescence intensity (a.u

10k

I L] L] L]

Fc-Cy7 0.2 um 1 um
Size
FigurRr &l.anged r et-®inz d-tbmji eotft. eld @Pro¢ ly s t-@yl e Rien
t umoA4sT.1 t uhliogsrwenr2e 6r esected 7 days after inject

Cy7 @BRepnlified tumor ekpl anitstindlensi giyi faitc db8e
Mariwhi t ntegg qnds-54; P&, 0. OF<; 0* *0,1) .

53



2.4 Conclusions

I n ¢hapt we showed that t-amohoretdenytohki ol

par tsiizlee dependent and that i.t. administrat.]
of cytokines in tumors. Recent wolrtk 2 i nvol vi
anchored to |l arge aluminum hydroxi?&urparti cl
study is also consistent with previe€us repor
days, of i .t. administered neadphytactesskb?®
Feytokines, our formulation provides a si mp

i mmunosti mul atory cyt oktiunneosr tiommiumduge wdurhal

systemic toxicity.

Il n summary, we designed and formul ated a
| arsgezed PS partichiesdiamg pepni dgerwiat-h Flci near
HWR G WV. The FcBP was covalently coated ontc
EDC/ NHS coupling methods, cfyoohki mgsai emsnbbcky
The -FR8P system -cytud kdi nbeisn dwiFtch hi gh affinity
binding offf Do id4On oy M@ rTthisaulrdlace modi ficati o
si gniyf iacfafneecdt particl ebs tadtzle, Dwdh i aradg ®QEM s up
The successfuH Haz tarcthonemadr toifclFc sur face was
SEM i mages and zeta potenti al measur ement s,
there was an increase of surface aclheadr gteh aatf t ¢
|l ess % hoafn -flBer €mai ned i n the suNert alodsant af't
tha®wo 2f-CyFilc was released iIinto the solution,

unc haamg edhar actCerri zaendd bDyL SLiduri ng rel ease an
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When tienstwidvbe fbOdmPuFaBBBY¥Etoul d stay in the
mi croenvironment for pr ol-loinfgeed~ p21ti®dhwi shg
hi gher t-Gavh dm@e2F@ nm count-ecpB®r pbat Poefmneca
be applied tofastachcytskibwmes Fprod enhual as

cytokine delivery platform.
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CHAPTER I NI IVISTQUDY OF THE +RAANRHORED

CYTOKI NE DELI VERY SYSTEM
3. Introducti on

Unl ocki ngumbre ®@meéiapeutic poexacembatoifng)

toxicity has cbheaelnTdaegfgpu mp adratbéd benefits (hiog

| ow toxicity)fofcyltawdea theedmihngér msno-A 2t andf | L
| 2entcearmr cul ation 3 hours after liartgrealtyu nouwea |t
small size -5 KFH&)®i peec¢é&hediwibcmacy studie

tumor suppression and regression by using pa
recently reported that sustainable | ocal del
photodynamic therapyumowlndffdhi si treédat mbhée wa
curative for poorrd ys uocmuearpsadterviigel muue maome 4T1 b
and B16F10 melanoma. To test the skhdBRY and
delivery platfdrin? awedl&fcc havmd dakenat ory cyto
which are activaly set d difFeodB, R msncritfieencteh ea NRIS ad m
t he forsdll2award-l BP5 i nto various syngeneic an
model s, including triple negative 4T1 breas
FVB/TN ( MMRPFYWYVT) 6 3tMowE/tJh spontaneoudB6b-Cgast t o
Tg(Tyre/ ERT2)1IBBB'eBIBoOnsiJce with indu<i bl e me
laas one of thenfmbammpbbobepnptcptoki nes can pro
Th1l, resulotsiecg et hon FNy" Tc yctedtlsx i can@D8st i mul a

present at?’?%.A%1ly sh@y edumadant but syh2rignhstic
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cancer immunotherapy and " memacriyld¢ealels aat iNKa t
prol i f26%°Ati bough showing promising results i
12 o¥5 IlHas not approved by FDA yet due to i
|l ocal concentration to achieve th?’Bgpeutic

anchorlihg/-IRE5 on to oulFcBdPe,sivweneaxpPeSct ed t o |

retention of these cytokines in TMBd there
enhancing the survival of tumor bearing mice
Il n this chapter, we assessed the systemic

measuring cytokine concentrations ei n heer ums
per farnmed vbobcacy studies using dvioflfuemeeat t umc
and body weight were monitored to evalwuate
efficaar eombfi naRlitba$ U5, f aee UIF2c -1 &, | CBs,

anidA99 anti body
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3. Materimdt hmaonds

3. Anli mal studi es

Al ani mal work was conducted in applian
Guide for the Care and Use of Laboratory Ani

Tech I nstitutional Ani mal Care and Use Commi

3. Mize and cel |l Il i nes

Bal ahd CS578mambee fad@deaseks femal e, from
Laboratories ofFg (EMMMFY\VoT)),6 3BWRI/I NI mal e (ages
from Jackson Laboratories; JAX stock #0023714
from Jackson Laborator Bés-Cg (JoArxke / €RA QK 1 #BDsl
BriaMt M pte"h "B obsrJeedi ng pairs (ages 4 to 6 week.
JAX st ockwetrOel 3lb9ddd and maintai nedMMToM | owi ng
PyMT female micg wievie|l ospedabdboreades B cagqie)erwdr e
crosses -bdg( MMHBJVNT ) 6 34 Mul / J mal e and FVB/ NJ
genotyped (BTor.aOngs(nbeytrey/xBRT 2) 131B'B3R eBii/'#Bfo s J
mice (dadsirfPlhPe'Yhwere generated by male Hem
cr e/ ERT,2Helt3eBroosz yRByroalfsMmd™ ol o mo z y g oPut Se™A ! %'m d
f emanoemcarrier -cfrer ERITg2(H&y8rBos zy gBuatMmDr
Homozygelusgmmit¥nmd genotypedl I( Tmiao e pheotuysse)dy r (05U p
mi ce per cage) and madathki opdl endlerenedeguén
access to water-faee Ttoodiitmopat haganbarrier

58



Murine Dbreast cancer 4T1 and murine mel ano
purchased from American Type Culture Collect
maintained a4CQ@i7h héeQ | Wwutrt e ®edi um according t
suppl ement¥ehdke awi timalcd i vated FBS and penicil/l

Technology, Grand Island, NY). AlIl cells wer

3. Byt heoily sapfaremel es surflammudegldcGoFlact eidn wi t

region bin@dPBgBR)epti de

| mmunogFobubgndnngF @Rdpet g udéeic G&ESNVR G WV
Peptide 2.0) w®#38Sdi(dlmgl ve@ao b mmpoylleyds t(yRr e)n e
mi croparticle (D = 1 0m, Polysci eniN-es) was
Hy dr oxy s u(bl el Biigailadde)s aclhut i oMHY ERCImo |l ar rati o)
15miFeBsPol uti on was then transf:erlrOe)d atnod P S asco
under stirriPgcdPermjnugatte Wde wtalkdeend r3 ftuigme s
(80I0g0 for 5 min), and the supernatant was di

i nTPABS (/&Dmgand stAC@.ed under 4

3. Zohstruparoncbé 4 mlch-o(kR2d) Fc

Fd L1 2Si noBi ol ogi cal-M02Z2Hvaal ong x @& CBPR b
t hFed 11 2 /-PSBPati o dWw) lan@ {(wcubatedACofooVRTNi
4h) . The fPodlntudsatteden washtetdeed t rii méigef 8000
5 mbeffore administration.
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3.5ZZonstruparoncbé & mlcoh-o(kR5d) Fc

Fd UI5(ARCOBiI osyst emsM5 2cheba a | ong # e & Ilc BaPtt h
t hFed 1 5 /-PSBPati o ofw)labhd {(wcubated for overni ¢
4h). The P &15weud attteadn was htehdee 8t t i mBg efugB 0F 0

mi before administration

3.685ubcutaneous tumor i nocul ati on

For s.c. inoculation of5]stledgllles Bl FA0 @
sterile P83cn(jlelc)t emderient o the batfthdmdl @ emikc ® f
under aunseshippeussadaner hair was rembaeted Wheat
4T1 tumor & @r0efanidddays after B16.F1T0he ubmody i r
wei ght and tumor si-2edwgbseafmeasut e evemay mé
l ength and width were measured with a digi
calculated using the following e@t°®iicen: t um
were euthanized when their tumor vol® mes rea
or when their bod30%wei ot stdmopgdpedcbmekendgé e
overcame tumors were inocul at é&ed TWwiHOhl st)hei nsat
the right flank and monitored-medrasdradtilterefZ e
mi ce that overcame tumors ®wd@netiumonacenodwss vy

vein injection and monitored for another 4 w
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3. 753ubcutaneous tumor treat ment

Il ntratumoral treatments into th3e@Lsubcut ar
of sternl e®BEOGTbA (clone 9H10, BijcmX@dlolg, Le
# PR 1)2hWP DL (cl onle4d ,RMFlo XCaBBW), 400 GRPAf
(only in B16€&HMNLOMAI9¢e a tBieaXt@B b1, 2O d 112, 2
OFd lL5P1 MZequivelhemd L1t200~202 mg of p)ar taincd es
Pl 1 %e qui vakgretd 5 02 02 mg of pwetechdmi pesteo

each petr deosiegnaAleld mi ene pweme treated under

For 4T1 tumor model, mice were treated at
treatment combinations were given once per ¢
tumor madeeldjolseedeand schedul e of the cytokine

in the figure | egends.

3.8Hi stol ogy

For hematoxylin anbdakmicen WH&E ) e stt laa mii negc

aftefi téheatwhente, C57BL/ 6 mi ce wer e eut hani ze

treatmeagt. | Lver, h eaanrdt , t usnpol rese nw &orfked dimiexye @ , i n
embedded in paraffin, and Tshteaiinneadg ewsi twhe rhee naact
under identical acquisition settings and sul

softwar e.
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3.95erum toxicity study

For mice serauJnNf,leibel a-@@ mMEBsSurement, mice
4Tl tumors wer e ilnyg &c #Feld5 -WR1lt2h -IPi1r5e eo rFIcPBS 1
Mice blood were collected at both 1 h, 24 h,
at RT for 30 mins,Iganfdorceln5t rmifrusy.e dMiqa e 2®erOu r
and stored at .8am@plCesunwerd e adiall ytsed 1: 1 wit
assayed muditrimpalgenxet i-basbeedadEbht 8Agh EL2W0MI ne x
i nsttwintehn x Po n dWa u sseo f R rwadveerxt a&P IMepxd ek, 1 Zat al og
#PPAMXYMMEJ foll owing manuAlalct wnradgga' rsvadirred t r |
acquired from LuminarB&|l pa@&crmefEr ament chodd

ProcakEt aPl ex

3.12Bi odi stri buti ondg cBfP-CHFIZu ®@eFacence PS

PSS cBPCY¥tfoEe€yWwere i .1intonw@deaerdi ng mi ce
Tumor samples and major organs, including hi
spleen were collected at dayLiCZOBRfBeoschnegerces
Odyssey I nfrared |l maging SystemResultths emi 8s

expressed as fluorescence intensities (a.u.,

6 2



3.12Phagocyt osfilsuosrtelsecieenbctesii 4 d @lnP

fluor dsacbeeri cesdi z1¢ dD@BP (f or mul at edO®K wietph aci
fluoresC@@H ef rPEM &HAGWEE r e | . t . itnymoetaegd nignt o
mi cTeuumor samples were collecéarpd gendhy dr and
gener atceeldi malspensOmnset hretughi ae70 Red DbI ¢
with RBC Lysis Buffer (Biolegend, San Diego,
in Cell Staining Buffer toBiedIr ¢y g srasdpliefta md@d . u Ne
i mmunofluorescent staining was prleyvamtied by
mouse CD16/32) (clone 93l WBiloumgemarn Hntibdc
ice. suCkadte staining with antibody was per
instructions (Biol egein@d. wHItwho rae sdcielnutt iaonnt irbao
Bi ol egend) wused i fclllyde dDBD4Xx | (omnleo nter A0 F4
CD4 (cl oneen@d®BB. J)cf oh)e. S5Bideahlll eelilovmiwvwas i mi n
performed usiBgFi Zambiee VA@bal ity Kit accord
protocol (Bi ol egend) . Al l flow cytometric
FACSARIfA ow cytometer (BD Biosciences, San

FI owlJo. software (Ashland, OR).

3.2l.dducti on anBr YPARtt'eein o cthit honous mel anoma

6-8-we eokl Bdr WPt 'dmi'c e wer e plao frntyedd owiyttha nbo x i f e
(Si gma)mlatdi5s smdgylcvodnd liicnmek ofom he@yi @2y 10, mi ¢

were treated wid A22Migll A e§pmmb) ar-CTbla#s i s) , al
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(cl one, Bi egKCoedrl )d caBtel 1a0mdd oannet i2 9 F. 1 AtRx, Bi oXC
per dosleofi ns t5e0Llif loie¢. tP.BSadmi ni strati on. Tumor
surface area, which was taken photos with a
software. Mi ce wer eareeua sh anx zefald evdh €InH® drpmo we i ¢

|l oss from treatnént onset exceeded 20

3. 3Stlatistical anal ysis
Statistical anal ysis was performed using
Sample sizes were indicated in each figure

assessed -Whi hg-tgvatbqni( d éd)p IMen er survi val cur v
compared-rasnikidsd glseagi cance was rmPPepOesP&Ent 6d as
0. 01P<*@*001, and not significant (n.s.). Th

are indicated in figure | egends.
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scussions
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¢ untreated ¢ IL-12+IL-15it. ¢ P-IL-12+P-IL-151i.t.
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The H&E staining hoedmbmincat iroenc erievginngen di d
noticeable signs of tissue damage or toxi ci
compared to(Fhg@&8hdEhye smi acesulditthademans tfroatmaul a
could provide sufficient i ntratumor al conf i

cytokwinhdsut damage to major organs

Heart Lung Kidney Liver Spleen

untreated

Fc-IL12/Fc-

P-IL12/P-
IL15/TA99/ICBIi.t. IL15/TA99/ICBi.p.

R Y
. ' e .
y -
4 &
&

Br.88epresentati ve haemati mmxeydl isnecandneso wifn maj o
or Maj or organcolaheac tledahfon Bt @yt e of Brré&tlMent fr

53

garing C57BL/ 6 micei tgnhdami nwesrt & d @la2t /1edict thed anc

A99 and i-#l2/aRIi hCBt EGA@nBb iMed Pt L@dtment of

CBi/ B A®RIOMor s in C57BL/6 mice did not present
Data are repreeamptat meamtsf two repeated
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3. Paxtdamcdreored cytokines cowfthemtcpt mkRl nes g
deposition and phagocytosi s
I n order to investP§aaBPCEh@abi,odweetsciolh d teicotne

maj or organs on day 7 after administration

showehdat for such particles, the fluorescenc:
organs in the mononucl ear phagocyte system 't
posti nij.etction is cl|l ose wthotlheéh ofsleuiome suong ireya tiend

tumors is significantly hi glyergrteapgig gbsottihn g h e
t hat t hesmai payt isctlaeyse d iar etdneat edhorntdhr amgh

mononucl ear pragacyl)a8. dWst em
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3. a3 tarmcdhreor ed pclyutso kcihneecsk poi nt ebll sxbaiktaachd eant i |

an-t umor | mmursiytngenei ¢ tumor model s

We investigataedmiwhet Pl Rcooombofmed wi th I C
anti bodies potentiated the I mmunotherapeuti
testing thié&eoempmincaet iboenar i ng establi shed st

(5D00 °imm volume) at a dofsamgea dbthotealceofmesr  q6
3) . I ntratumor BRIl 1 g cemiun ivadgreastdi i b O2f0 2 mg of

particles per dosce;t ofkamesi mplei dietrye,asdlelr Fef
that do not incl udel G@nctdi)b oi dd Tetsd nfbahnd®ddba n b n  wi t
1, each at 50 Og/dose) completebpaei adi matced
over the cokFngear¢fi 86@adayast(, intr agdritone:
ant i biodtiLes, Bri&.ltone showed only mbidgegstet her
3.6PA 0.0027, 0.0015, re=nidb)H& D 0x2t6a i miemsg ercda v eveel
5 days after Pil 1t | U @B ea&n fitiohmee dvii e particl es
were pointed by gwyeBgl Bwebraer raorwsund t he injectdi

wem® mul tinucl eat edsafr @ aiidygjheldatatideyn gi ant cel |

72



untreated (n=7) P=0.0009
80 - ——ICBit. (n=7) P=0.0010
——|CBi.p. (n=5) P =0.0027
T I ——IL-12 (n =5) P=0.0015
2 60 - ———P-IL-12it. (n=5) P=0.0026
e —— IL-12+ICB i.t. (n = 6)P=0.0019
A P-IL-12+ICB i.t. (n=7)
32 40 - - —
4T1 s.c. tumor
20 -
0 ] 1 Ll ] L] 1
10 20 30 40 50 60
Days after first administration
B Untreated 4T1 tumor P-IL-12+ICB i.t. 4T1 tumor

Fi gurkef f3ecdt s of | ocal -adneclhiovweerdy coyft oFkS npea ratnidc 11eCB
4T1 tumo.rA KnaopdMen er survi val curve of wdimé bear.i
performed in subcut aéemileme (). .c.JThel Ttlr ¢ aitmoe rst i Nt a
7 post tumor inoculation and was BRe/prne arctea tpiev e
haematoxylin and eosin stained sections of 4T1 t
of t-tu ena mbi anl gmi c e . Scalem. bBata 4®&Me representative
exper iPmeadtue.s i n swmercwinvpaar esdtaubdki etse gt .



The.administirGRmntwoinboodli 82 plksslted in ear|
regressiomcompt edetlynet i figuuartee 3 .h6eA), T hh@og wsr ¢ 3
tumors grew back after i nitial shrinkage ar
i Mmmune atmpoatiaphtny,ectthiPdid PpWwiut€hBlss d not cause
body weight M44&wsbpswhenebhoedwgy wei ght was obser
i L2 piCd8sti bddiheosut (PFraiOt iDdI6efmitg udrBey. 31T3h, e s e
resul ts confi@mleil Mebat attehde plarticlleB safel

i mmunotaed aspyowed significantly higher thera
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We next performed the rechallenge study
devel oped systemlTo domtshéedsme mearyvyus!|ly inject
tumor <cells agai Mi catobtd@lcuuedr sni bg. t he
regi men rejected rechallenge®V1l sEdlglug aheous
38 A . Mor eover, on day 90, t he fTracti on
(CD46DED4E8D6RMeyycel | s in the | ymph nodes of t

the rechall enge was significantR=y Ohi@gOh2esr, t h a

I BFi gu8B, 3suggesting that i .t. treatment wi

the formation of effective systemic I mmune n

We also examtneael tEa@A@GDEDIED6 2 Tcy
celplopul ation Fngod¢G8gpawuvew efldlel Ts have an
enhanced capacity for |ymph node homing and

have showoelelh@ai biTt greater cytolytic activi

and recall potentiZ%Fothaheprevhaubégpgehsugdy
|l evel s actually <confer an advantage agains
unchanrgleedvell s in |l ymph nodes can be potentia

of emMT ocmThat could take wegqusremaeant (@f eéxogen
such -7a sf ofLoT ma&f3 BWt. confleasssual Ly promotes th

ofewmT
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A s.c. rechallenge

100
80 - untreated + s.c. 4T1
(n=7) P =0.0004
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= 60 - +s.C.4T1(n=5)
c
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Fi gur¥ehe3.{8ammalni stered comblithat tohCBegnmehodPes)
antumor i mmunol ogi cal memory AAgbli AnduiMo&4dati ngmor |
mi ce that had been cured-lHRly2 t+ el G&CBo)ymbwenraet iroenc hraelgli
subcutaneous (s.®4VTl1linpmotiorl bs BniolODhe fl ank
i nocul ati on. Al cured mice rejected-B&B8challeng
FI ow cytometry studies were performedAtwo t h | ymp
exami neCDBRA4 ef fector memor YCIx6e?Tl € eqlt € fatl ) mamaed r @D 4
(right) yimphOog -y a( ues in survival stanki s swer e
Pvaliuesf | ome rset uddeyt er mi nedWhit meeastds .of Mann
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To i nvestigat e whet her .t treat ment W
effectively control di sseminat ed4 Tmettasmarses,
cethsoughi htol mveent hat had been cured by ¢t}
assesse-thet hst asts effect of the therapy. Rer
cured survived foar Woge®Bh8mMNod |weagk sneft ast as
detected .iwechalklsermgeds hmiwme pne seret ati ve | uncg
Fi guoBk. 3.

Representati vecohnifsitronheodg yt hianta gtehser e was t un
in the lung tisswkile ahke tuhereat éd gmircceaphad
39¢Besides] unhg weights of these mice were |
that received iR raveshdhisg UiTRJA.c.&lulrd her mor e,

fractions of effector e moealyl sanidn cteme rlay mpnte r

rechall enged mice were significantly higher
received intravenous 4T1 cells, demonstratir
| ohg@r m i mmureanoo gyi caaglaimst di sB=nl.nGe&2eXd, t umor

Fi gul @B.3.
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A 100
80 - ‘
untreated + i.v. 4T1

— (n=7) P =0.0003
g 604 —— P-IL-12+ICB it. cured
> +iv. 4T1 (n=7)
3
n
2 401

20 4

0 | I 1
10 15 20 25 30

Days after rechallenge
P—IL—12+ICBi.t.cured' 0 . .
+i.v. 4T1

C control metastasis treated

untreated +i.v. 4T1

Figurehed.{@aemalni st ered comblithat +rohCBegnmebhofdPes)
an-t umor i mmunol ogi cal me mory afAgu mwsitv adl T 1c utruvneosr
untr batrmidce and cured middl2 nt tlhGB. rlelcleimiecde iwetr
with S8TRHL te@el |l s vBRae ptrhees etnatialt ivweei nl ung i mages comp
curedCRepeesentative haetmanexylsiectaonmnadseosi hungs
15 after start of-beraeanmemt abbr cemm4d TE t hmodr wer e |
Pl 121 CB i.1t. Combi neandah e@rdldle Ratn do fl CoBasr tiinc 14eT 1 t 1
balmi/ice did not exhiSbial emémasha&tdadsarn e damrgesent a
repeated Pxplwemsme ndesmparaadk hysltog
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Mice w/o tumor (n = 7), untreated +i.v. 4T1 (n=7),
P-IL-12+ICB i.t. cured +i.v. 4T1 (n =7)

A
1.5 30 - 30- P =0.902
pd - - P =0.0033
% . = |2 g R
. [sp} - ] [72)
5310 S %— 8 % a o . 220_ * *e
= 1S oo S o) ) 2 .
o) ! \ 5 — 2 s ¢
> o o £ *» Qo * o
= > * g _ I .
805' * &310' +—‘]0- o
3 % 8 ‘ a .
LAY o (;3 L 3 : O ‘: “ -
* =) 7 c\o A
M W; +H
0.0 i 0 T 0 T
CD8" effector memory CD8" central memory
Fi guroghe. laadenaini st ered combithat+ olnCB egmtmiemo diPe s)
enhancdd mont ii mmuneConmamariysorm of | ung weights fr
t he end ofFitghuer antdBu.d®po ailmlil ce wi t houtB,a®@ otvr eat me
cytometry studies wer e performed wi t h l ymphoc
CD4@D6R2T effector memd€CP6ZTTeldentarnadl Ciedrdory cel | ¢
popul ation were analyzed inr -B)vakaesdwand dembin
by meansiWbft MagantUs .
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Encouraged by tMhlell 2anidéd8mtyi bhediwessnt hat was

in the 4T1 tumor s, we next etxhgelr erag¢ dne h h e o €
aggressi veex,cliumdmuwneB16F10 tumor s. Subcutaneou
cell s ®(5wvelrelOall owed to grow for 7 days (at

m nt) and were then subj.&Met doutna Y draitousn)terce
B1l16 FtluOmmegari ng mice withl dH2ZeldCBmbi boandliyes of

modestly sl gqwedvt Qu@® 0006 for comparison wit
mi cne,iP2, qgq6d I 5). Similar resul tls2 waemeé obse

| CB antHibgulli2eB33..(

Il n an attempt to achieve betltled wihtehr apreut
anti body agaierd satt etdy rfed¥itR®g ner ef erred it a .as TA
admini sittrma,t i @anmenbi2r sopertthami |l y cytokines, F
enhaneteumomt ii mmunogenicitlytl A3 hNocamhpned widt
does not activatleecge Mimsinbwaxny ploielsmduygiel | ary | ea
syndr omé?fdadni t i onally, TA99 has been shown
tumdtSpecifically, we treaBR@Fm0 crelb®&mo magy Wi
combi n&4 #loZnq 60d -1 1%) ,(gBd I 5), I CB antibodies
(g3d leg 1®f @ach sgytodkiTrA®D;9 I0HIW-Ad ane,Daanti
each at 50 Og/ dose; trRiagufein.t3 Wec hfedlwn & t lsat:
administration of this combination therapy
enhanced survival, with 2 of 10 mice showin
(Fi gut2)A3.Mice cured by the d ounbtiinlaitg @ natt htelr e

si Feguitp, 3which report-mdl gnooyieal’ demrhh aes
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contrast, treatment | #®i2tk i 5a dTAMKLBmamibordi efs , f
either i ntrianpterraittaormoetablellyg aome dosage, did not
better Fduwruti2wadl. 0 00002 and On=0iGR2, TAS9SPewhbBV
found to be a necessary component of the com
with survival in a group that rFicgeulvAdd . .al | t
P= 0. 0606BQ) . Notably, despite the high respo
had mini mal systemic toxicity, as indicated
group of mice that irletide@itied TAPCBEpeNnddtdine a |

with the body wei Pkt § .M=0 &t hen FEatlfleldkagsdexsups (

(O P-L12+ICB+TA99 it.

QO PaL15+IcB+TAS it.

||

S LTI

0 7 10 13 16 19 22 25 28 31 34 Days
Tumor inoculation

B16F10 dosing schedule

Fiug e S8cHeme of B16F10 tumor conmhieh®2i @amdt Peat mer
Il 15 were given every three days in an alternate
of 5 etaicrthe s
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A 100 —— untreated (n = 11) P =0.000002
——— [L-12+IL-15i.t. (n = 5) P = 0.00002
—— TA99+ICB i.t. (n = 5) P = 0.000008
80 e |L-12+IL-15+ICB+TA99 i.p. (n = 5) P = 0.00002
——— |L-12+IL-15+ICB+TA99 i.t. (n = 5) P =0.0022
—— P-IL-12+P-IL-15+ICB i.t. (n=7) P =0.0005
o ——— P-IL-12+P-IL-15+ICB+TA99 i.t. (n = 10)
2 607
e
>3
(7]
e 40- -L
20 - -‘ S
0 T L] Ll T L] 1
10 20 30 40 50 60 70 80
Days after tumor inoculation
B
100 — untreated (n=12)
= ———|L-12i.p. (n=86)
- —— |L-12+IL-15 i.t. (n=5)
80 - ——ICB i.p. (n=12)
——IL-12i.t. + ICB i.p. (n=5)
——L ——TA99 i.t. (n=5)
w 60 - — ———P-IL-2 + ICB i.t. (n=7)
% ——P-IL-12 +ICB i.t. (n=9)
3
0 40 - —
=33
20 -
0 L T T_I L] 1

10 15 20 25 30 35 40
Days after tumor inoculation

Fiug e Bf.fl€2cts of | ocal-adiehiovedy cygft oR$S nparntitaulmer &
and I CB antibodies on B16F10 AtBKm@iMairseuwtvh vand s u
curves and tumor gtrummnelard wnmrgv end cef uBhdek1 @i ffer ent
Di fferent treatments were given every 6 days fo
m n¥. Mi ce were euthanized whwal Wwesd ywemed ghd mpda roepd

rank test.
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Fiug e RedRBesentative images of | ocal vitiligo de
after receiving coOmebiarartow npotirnetaitnnge naat t he whi t e
anmél anocyte T cell response

—#— untreated —e— |L-12+IL-15+TA99+ICB i.p.
—&— |L-12+IL-15+TA99+ICB i.t.

10,7 PIL12+P-IL-15+ICB+TA9 it

o
1

N
o
1

Body weight change %

N
o
1

9 12 15 18
Days after tumor inoculation

®»

Fiug e Bf.flelct s of | ocal -achhelhioverdy ctyft o&$% neatiigehe ( T/
and | CB anBl®EioOmos obbdel shody wefgbtl ebtardegr oupg
Figure&evall2as were det er mWhietdntdeys tiseans of Mann
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3. 3L.o4c al admini strati on of t he combmomt i on

efficacy in genetically engineered mouse mod

The histology of transplanted tumors does
human tumor s. Therefore, we assessed t he
combination therapy in genetically engineer
FVB/TY ( NITMPYVT) 634Mul /J mice {PygMIo mkrmewn ahi b
spontaneously develop highly invasive breast
and show a high fred(Wmerny tohfe |wamlgumeetamfsttalse
reachie005hms by by 8 weeks of age) , we star
combinadt itlo2n (o2f -(PF§ per |l Hose)l ieve¢ HFdpesl LP
dose) every 6 daysCTdmd aln@BDaar teialcdd iags 5(0a nlg
dose) evehyeddl daysasFégesh®AB.Tihne mice that re
combination therapy had significdmrtloy Il €Bger
anti bodies al one -ldr2 aa ncdo mbQC BiFaiagnuofinbBD&F i ePs  (
0.0014, 00..0002308,, aneds precrtk wted®) ; baynd otghey al s
| ower total tumor burdens F(rgagiRe S&Not atbil we it
combination regimen elicited a systemic res

mammary fat pads (repr e&sdgruttd@t i3ve i mages ar e
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PAL-12 PAL-15 PAL-12 P-L-15
MMTV-PyMT l l

l '
first tumor ~50-100 mm3|0 =3 IG Ig >
4 “
: | ] ! |
100 untreated P=0.0014
— L12 i.t. P=0.0014
——ICBit. P =0.0038
80 L ——IL12 +ICB P =0.0038
——P-IL12+ICB  F=0.0292
— — P-IL12 + P-IL15 + ICB
S 60- 7
c
%)
40
2 =
20 -+ n _I
0 1 I I 1 L]
20 40 60 80 100
Days after first administration
FigwBr.efhhe combinati oRl H 2Pelatli fne@B @mti bodi es pr ol
survival in a spoA$Sa@amema soft uanmmb imoateiMMT Vit r eat men
Py MiodBRSur vi val curve of miceMMTWPaytMTd twiatnhs ginfi fce
female mice were untirid dit.eftl o, r wvaredt weahedCRBIi & hi
( . .6dg) , or tirteat|didBpBdiotrh t rea-t 8 +WwiCtBiedf P . bt , t reat ed
wit-hlRHRL5+| ChBied(gtart,ing from week 8 of mouse adg
sizes- vWwedt.RPum!|l ues were -campatedtby 1| og
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'

L

P-IL12 + P-IL15+ ICBit.  P-IL12 + P-IL15+ICBit.

Fi gBr &Répresentative images were taEKbarmnowsiffer
indicate arising mammary tumors (time points dif
mi ce had to be euthani zed -HFyoMT orwe cnegiowaibrignatthi epm ot
regi men exhibited mini mal caomd r ch@d gampedirael d ttuomoat hge
groups.
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We next wutilized the gend@triPRAPl'dthdoengi nee
examine the efficacy of our combination the
applicahydmorxyt admoxi fen to i nduBredfthhned expr e
del etion of tuRPROEmMS MeprRraa®TyYt egenenal i gnant m
weeks (representatFiyverpmagkerd maeseshownt h npi g
of > PH@vemop iMRigurdyed8ks prfevious study sho
anti bodGTelsA (aamnPBantonly sl ightly slI?2dlwn gr owt h
contrast, we found that i .-til2agdiRbniandat CBn
antibodies starting 10 dyygsoafytemoxhé ehi ( aut
described abePweMTf omi cBIMTW cheduFliggaur2)r 8. 1show
significantly sl owed tumor growth and del ay«
medi an surviydal,tiame owgys&&rt d h£43Fugureated
37BC;P= 0. 000rdarmkyntlemmtand 7). Theseadreguthataf
the combinatainemoofedpaytioklieaes with |CB anti

tumor effed<#sg eian diefnfeitc wclatl | y engi neered mou:
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A Braf"*»€/Pten~ P-IL-12 P[L 15 PIT 12 PIL1~

10 [0 |1 |16
't e S
| |
| \ l
4-hydroxytamoxiferiCB ICB ICB ICB
B
— untreated (n = 5) _ |P=0.0004 1307
100 P12+ L5 +ICBIit (n=7)

804 ’ E

~100 -
_ | ;
2 60 ©
g ©
% §

2 40 - % 50 4
©
20 - =

0 T T T T T T — 0 T T T T 1
10 20 30 40 50 60 70 10 20 30 40 50 60 70
Days post 4-hydroxytamoxifen application Days post 4-hydroxytamoxifen application

Figurfeo8al administrati od EbZ;l ttthS, caomtb ilnGR iaonnt iobfo
controls tuB%PPfrtddt Ansge ABchmmeeof combinati on

schedBrl'@fPiPh'éd o mor Bovdeerla.l | Brud@ A P 'adin' cobfat recei ved
the indicated treatment sCBempdrn alg ddp 8n dverekes off
areas iBiPvmalcueesi nin wer-eaoa&mpaeséed by | og
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untreated

=
sE
“E
.§
.-=-=

Fi gur8eRePprksentative images of pigmented mel anol
Figur 8r¥fARt'édcei wiompitnhaet i on rtelgd nmems te xchd lbd yt eedd t
progresmpaned to other groups.
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3.4 Conclusions

The potteunmoranatciti vities @fi nichflldlaZmmgeandry c
|l 15, which wer & huwsveed morn itviaritse dstviady ous strat
to and reteMfnomhis ¢chhamptrer, -ovev aleenotn sa mah erdi
of fRucsed cyt eatdimm end psdretriecdl e surfaces not onl
structure and funptoduabusihnt egteuinBoymmaiinen@ail s o
respownsé@dout systdmieccoombi aniat y onra ntchheortraepdy lulsi 1
12 and 1 CB antibodies compleneggticueedTi hler ¢
t umor in balb/c mice, and significantly pro
i mmunogeni c BIlwHem umsed dh nmotahop&@d aliidbl éll us

TA99 and | CBi amt2 bofdi telse mi cAIl sorvimhedcaved

showed elromg ejection of both s.c. amdg i . v. r
enduring i mmune amembidglsaechi datdbdi mprgashasebsg
against cancer. Mgreeaevt ercal Wogemrngepeeathed hmou

more closely recsapictolmba tne t hhoawh rigmeafmqgeearnt | y |
total tumdr MMITyW Zm@r ol onged o @BrWiPiRrt'd'i me

mi c e .
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CHAPTER IV MECHANI STI C STUDY OF THE {

THERAPY USI NG -ANRHORED CYTOKI NES

4 IIntroducti on

OQur pantchored cytokinebed®lc¢cwves yf ulysitemc
highly metastatic 4T1 breast tumor and prol
B16F10 mel anoma. It also significantly del ay
tumors that recaplia uérlpdew rheuinfafne rteuengoi rose.e st me
remodtedneodr | mmune mierbanvheonment or med mech

behind the observed therapeuti Bobubtemtactaor

suchtchaesmokines and cytokines, play a cruci al
bet weermstsomarated I mmune celThesaea fthet dn ght eoq
i mmune cell recruitment, survival-t ummrd acti

i mmundint glhhampéet hofiafdfamprad o my | amdnad mtriy cyt o
and chemokines 4armtatmoar ei momuuneie adec timeag uroend ar
clusuoeired LumilThex p a sasnady tdaegnkes ivtdi reimou saa & s6o C i

i mmune cel | P 0 p b rs@usp porness s i npgr oammodt | tnugmoirmmu n e

popul werenal so examined using flow cytometry



4 Materimdt mohds
4. Anli mal studi es

Al ani mal wor knpwds ancreduot eédhei Nati onal
Guide for the Care and Use of Laboratory Ani

Tech I nstitutional Ani mal Care and Use Commi

42 M ce and cel |l Il i nes

Bal b/ ¢ and C57BL/ 6 female mice (ages 6
Laboratories or Envigo), were used and maint
were -goowsed (5 mice per cage) a-ddr lmacypthene
altemegd 1€&vdér with free accefsrsed ocwadietri amg if o
facility in Virginia Tech. Murine breast <ca
l i nes wer e originally purchased from Amer.
Manas®as, AVl <cells were makinn at medc altt Br7e Arde
according to the i nstructions, suppl ement e
penicillin/streptomycin (all from Life Techn

to be free of mycopl asma.

4. 5udcutaneous tumor i nocul ati on

For s.c. inoculation of spPaoglles Bil®F30 @

sterile PBS (11) were s.c. injected into the



under anesthesia using isoflurane after hair
4T1 tumor s -Ir0e0anmd 7 S@&days after B16F10 t umo
wei ght and tumor si-2edwgbseafmeasut e evemay mé
l ength and width were measured with a digi
calcul ated usi nan:t hteu hor | woMi lnnge e=q tP&stincget h T wi
were euthanized when their tumor vol® mes rea

or when their body weights dropped over 20 ¢

4. Budbcutaneous tumor treat ment

|l ntratumoral treatments into theegLsubcutar
of st erFolre diBES.er ent ,t rledadt W@dilt-A fr(ecgliomeen s9 H1 0,
Bi oXCel I, Lebanon, NHGP DBt a{ al o gled# R EBPIDo1X3Cle)| | gr
catalog #BEO0146), 100 O6g of TRP1 (only in B
catal og HAJE®D 112102k d 1 5P1 12 (equisgalodnifRct o 2
~ 0.02 mg of par-til6l € £ que sgadafindibct oar2d . P2 mg
of papen cdese) were administered each per dc

were treated under anest hesi a.

For 4T1 tumor model, mice were treated at
treatment combi nat iionncsl uwle rneg th@nvtiernetad reade CBFci .t
Pl 12 I CB i.tFogrBL®KE10 tumor model, the det s
cytokines and antibodies dreatdmenti gedupn t

untrealtiet?, HREXx . t . , | CBFa+H1LPAOIFR . £+ . L CB + TA99

94



i .t ,-l Hi2d -+RAB + TAEB9NODt E&. tPHat?2 fdB + | CB +
TA99combinati gm qturdelaed nmewmrmor s and | ymph nodes
tumor regression-7was Fobet ec¢thed ¢ ateddyamprhd gr o

nodes were excised and meshed at designated

4 5Mul-dolloowfcytometry analysis

Tumoarnddy mp h immo ddeisf f erentwéreatesatt gdotuupen

wei g,lathedd gently groumdlto sgusmpemati-@Gn scied dilr ® u g |

strainer. Red blood cells were |Iysed with F
Cel | suspension was <centrifuged at 300 I g
di scaeddds. were counted and resuspended i n C

used for flow Eyxamideaydi e€binidngcri minati on
usi ognbZeEAquxabl e Viabi by yi Kdtulbel tBi lrogteegde ncde)l |
room temperature .NoobBegrecddrilc fiocrtmubh®f miumr esce
prevented by incubat iEn(gaimoeu sles G 1t6h/ 3T2r)u Stcalior
Bi ol egend) antibody in 1000isuvdlacme st@i nidg
mul td mtliebwsads performed according to manufact
with a dil 1t00i0on Fl amitebodntes (all from Biole
Cl5 (clrFoln®D30(cl one “A7AZPDLIS5CZTLABD)n,e TCWIZULDC

(clone N418), UCPBO b( G22I OoN,e -}HDNoneFRMPA (cl one
CD19 (clone 6D5), -€®4( dlcdmael LK), 5D1 1Ly (cl o
(clone PC61) ,6.CDBA4 ((cdlomree 513M7 ) ,-140D6QRLLY ( cl or

(cl one NKK1 .14 ) ,CD161, TIclM oh€PPKILE®2RRMTEBI one
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B8. 2)C123AGCD223, clone -COB/WiAdBEt-abFBNELY
XMG1. 2)YJc(TdNiFeX ™MPB) , Granzyme B6@Fclleah®n@ALGAB?)

and FoxP3-14%¢L one MF

For surfakceoseaceanmnhganti bodi esplwenredadde
panel s adalt idincAdGra3e0f cmrnna .€bkhker were washed
in between andsafeper resabpsenhdedi ng cell st a

cytometric analysis.

Fontiracell wlfarCDStalimghege cel l suspension \
i n Moj osort B uafnfde r a c(bByi voahte@@ded migl ) Act i vati on Cc
(containing breniyerlidsithatédd alp3hor dod 1@n dMmeci n;
cell s wer e atth & iACcTinea tadgdk h vated cel |l s were
cel | surface nul tliacsotl owd ¢slt awaeraegfi xend and |
I ntracell ul ar Stainindg oRdromviWags hmaBuwfé flaecrd m(rBeir o
bef ore being st Antnielweidvdi & gho ramgd h doroedde esest wer e
Cel |l si nceuwlmat eddbom tuenndpeerr &t dAolel 1f [lhow cyt ometri
collection was perf of fmeadw usy th@gmetDe rF ACBIA RB iAo s
Jose, CA) and anrd"¥sl oyfztewda rues i (nAyd HA laoedl,lo GR)mp | e s
run through FACS eqmee egnatthi tdi gvsésdarr asewdrgfi aRse mar |

and intraceelnl FIl¥pwjadafrdaenmpsbev (dveggddt & and 4. 2
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4. 62.umi nex anal ycshesmokKi et oki ne

Cyt okihreanoki ne anal ywsaiss udf etdumaor bloy hatdd 1l o
tumor mo4dPEBtlwnmbpeari ng milwe uattumeatsed Foer tr eat
82 i.t., -1HCB + .IweBcoddtePRerd B16F10 tumor be:
tumors that wer byuwniL? e dtilEd io.rt .t,r elaGRBR-d+ TA99
12 -+UB + |1 CB (tréAfmeps @meadul ¢ | Pavmeyda o metry
studg)e coAlllecttwermdor dhraommwigeasm $ BBergaen son SFX150
Soniifn etri ssue protei-PERXxtTRhertmonFirelmgrensci( dn
78510) %Wwath protease and phosphatase inhibit
no. 78442) . The | ysates were incubated with
then ceat rll6gd @@ d e move dwebrre sal iLgyusoatteeds and st
AC until anal ysi s. Samples were diluted 1:
mul t imalge>e t i-bca sbeeda dBEdLil IBAA E @m®iOn @ x swti rt thmexnRonen't
sof t wWwhher mo Fi sQytro &icG Eenmalfiince CRIheax nMewnse 3
ProcafEt aPdreexl , ClaAt al og nNumbe26 0-9QERXR360
Th1/ Th2/ Th9/ Th17/ T#22KkT rMog s @ yEtPer donc@aat tad Polge x
number : -2BRBML,0 f ol |l owi ng manuAlalct aratgd sali nd
were acquired from L u mannael xyEzTel®t® Oond Misstireurmealt o

ser ProealEt aPl ex



4 .75t atistical anal ysi s

Statistical analysis was performed using
Compari sondi fbfeptrveangtrs wer e asdassddBgutsi pbgwdlan
sided). Significance Pxas.roebprE&stist edd* Galsl ,f ol |
and not si gninfviad aurets (@am.ds .s)p.ecihe c statistica

figure | egends.
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4 R3e s wlntds di scussions

4. X ombi nation t her apy cihmalewdiceygoogke nsei TME by

enriching inflammatory mol ecul es

To understand the <cel |l udnadrerdnd nmo It ehceu | oabr:
therapeutic effect we stohueg hcto ntba ndaetti eornmitnhee rtahp
di stinct i mmune cells and BsBol bbthk #3&&ttand BI
tumor .modthe-bagsed quantification of inthratumor
4T1 tumoreVvegssiaddst erseguoulfatcedl gpawys eahser a s
administration &f gda@rotuesei hsewe me atekangst er ed
met h6dusters 1 and o2 ncfdnasmnsatteodr yo feftflree t pmr pr
TNR| F-C-X-C mdtiigfa@XICIR2 (CXCHEIB| 61, 213, C&n dhot i f
|l i ga€8L5 t(he magnitude of changes in the pro
mice thatl x2cpelived B anti bodies than those
12 or I CB antibodies al benlepleacebhi asedestUME i
transformation Fhng#he The mbamigmexpa@ti ficat
cytokines in B16F10 tumor |l ysates also rev
infl ammatory cytokines in mice recei-ving con
injection of the combiofatvani obherppygint hamma
(i .e-U) FISNR1Ib ) 1 2p7a,8,| AaiCEFGMc| s gdd)e weirre

found to be upregul ated.



Figurlent4.a3 umor al administratiamcbbr-22 chrmbi nat.
I CB antibodies upregul ates inflammatloumi rcggx oki ne
assay of cytokine antdumoleamo khignenilcev dlrseaitred4 Wit
t herapi es. On day 5 following intratumor al treec
chemokine | evetsbwereb6pssahedchemokines and cyt
K-means met hod.
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