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Abstract

Immunotherapy is a biological therapy that harness immune system to target, recognize, and kill
the cells which is either transformed or infected. Immunotherapies are divided into passive or
active based on their mechanism of action to activate the immune response. Active immunotherapy
aims to induce host immunity against any disease or infectious agents. Few commonly used active
immunotherapies are vaccines, cytokines etc. Furthermore, passive immunotherapy involves the
administration of immune system components such as T-cell and monoclonal antibodies (mAbs)
to target infected or cancerous cells. Various immunotherapy approaches including vaccines have

successfully been used for the treatment of cancer and infectious diseases like Covid-19.

Despite the use of different strategies of immunotherapy in clinics or preclinical models, mortality
related to cancer remain one of the leading cause of death worldwide. The failure of most of the
treatment is associated with tumor promoting chronic inflammation (TPI) which supports the
development and metastasis of malignant cells. Owing to the interesting connection between
cancer and inflammation, neutralization of TPl seems to be an eminent approach for a more
proficient anticancer treatment. There are different approaches to neutralize TPI- a. Boost of
anticancer pathway, b. Reprogramming/depletion of immune cells, and c. Inhibition of pro-cancer
inflammation. However for an efficient neutralization, targeting one of them is not enough, hence
a combinatorial approach is needed to combat TPI. To this end, in this thesis, various therapeutics
were developed to neutralize TPI, where a. Dendritic cell (DC) based vaccine was developed to
boost the anticancer pathway; b. Reprogramming/depletion of immune cells was accomplished by
using CSF-1R inhibitor or a nano-formulation of recombinant IL-12; and c. Inhibition of pro-
cancer inflammation was achieved by inhibiting induced PD-L1 expression. Specifically, this

thesis describes three approaches of combinatorial immunotherapy for Cancer:

Vi



1. Development of tumor antigen presenting DC derived extracellular vesicles (Dex/DEV) as
cancer vaccine and its synergistic effect with CSF-1R inhibitor, PLX-3397: Here we isolated Dex
from bone marrow derived DCs which were activated with tumor antigen. We found that targeting
CSF-1/CSF-1R signaling improves the in vivo efficacy of Dex where both Dex and PLX-3397

work in a collaborative manner by overcoming the disadvantages associated with monotherapies.

2. Use of DEVs as delivery carrier for IL-12: We encapsulated IL-12 into DEV and the nano-
formulation (DEVIL) showed an improved plasma exposure, increased the tumor accumulation of
IL-12, which eventually averted immunosuppressive microenvironment and systemic toxicity.
This nano-formulation can be further explored to deliver other cytokines to enhance the efficacy

while minimizing the dose-limiting toxicities.

3. Repurposing of Ponatinib as PD-L1 inhibitor: Here we have shown that Ponatinib can bind to
PD-L1, inhibit PD-1/PD-L1 interaction, and delay the tumor growth by modulating antitumor
immunity. Further studies revealed that Ponatinib can also inhibit the induced PD-L1

overexpression by regulating HIF-1a.

4. Combinatorial approach: A combination treatment including Dex, PLX-3397, and Ponatinib
was used to address all the three modalities for the neutralization of TPI. The combination
treatment reduced the tumor growth by modulating the tumor microenvironment and systemic
immunity which eventually resulted into a complete remission of tumors in murine colon

carcinoma.

Similarly, for the prevention of Covid-19, several vaccines have been developed and got approved
by FDA. However, most of the developed vaccine are mRNA or virus based which are associated

with disadvantages such as poor stability and immunogenicity. Hence, to enhance the stability as

Vil



well as the immunogenicity, a delivery vehicle can be used which will also add to the therapeutic
value. Therefore, this thesis also describes the harnessing of immune system for the treatment of
Covid-19. In this study, the extracellular vesicles isolated from DCs were used as cell-free vaccine.
Here we demonstrated that Spike protein delivered by DEVs enhances the immunogenicity of free
protein and induces humoral immunity by producing neutralizing antibodies. A one-tenth Spike
protein equivalent dose of DEVs was able to induce a comparable level of humoral and cellular

immunity.
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AR

TEAR U Sifge fafore 8 S 37 SIRie1el & daféd &=, UgarH ok ARA & fag
TIfeR & el 1 S8 HRell § Ol 1 O Tuid e a1 Tshfird it € | wfaren ufaferar o wfosa
B & [T HRATS & o B YR TR IRARRY B Afspa a1 qfeea # faviford farar sar g
iy SR 1 I = fobft i AR a1 TshrHep Toich o Ryt Hora wicRef o1 UfRkd
B2 | 3MHAR W IUANT 6T oM aTel $© Tfeba IR O, Trgelfe-g anfe 81 39
3farrar, FAfspa s # Johid a1 FWR HIfReRt o dféd 1 & e d3a ek
Hi et Tel TETSTST (THTR) SIY UfaR &M TuITe Teeh| o1 URIme= Qe gidi g | S Afgd fafdra
SRR E B0 BT TN THAAYED HaR & SUAR 3R HIAS -19 SR AhTHE AT &
fore frar ma gl

e a1 Mfdaea disa d SRR &t fafia JorHifaal & SuanT & dasg, HER I
Taftrd 7 &R a1 1R B g & U9 HRUN H § T g1 A SR &1 fawherd R
o (ETeNE) 1 91T G- aTdl IR ¥ Se! ¢ ol "Td® HITRBI3M & [ae iR Aere R

HIIHLT HA 8 | HIR 3R Yo & s [Ty Tt & HRUT, ATATE BT SRR HAT 3B
FIE TEHHIR IR & o Ueh TRSATd DIV AT B | Tpi- a BT S3AR B & [T SeT-
T DD E | TIHIR AN 1 e, & | UfeRe wiRreTsif o gRighl/a, 3R I | h-dHeR
o o1 A8 | BTaife U R dedl & o, I8 ¥ U &l dfdid &A1 yaid T8t g,
Safere idters ¥ e & o Ue Pi-eRad e@Iv ot Savaedl gidl ¢ | I8 3id B
& forg, 39 iR #, Afens ol 93 B3 & oy fafi fefewi faeRid fey 7 9, S
v Sfefew qa &SRR snenlka awf= &1 TidhwR Al &I sgrar &1 & forg fawfyd fasan mar
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T, ffl CSF-1R 3ARIYB TT T: AOD [L-12 & TP A-1-[A0 BT SUART B UfeRed
DHIRABI3M DI TRIGRI/HH ! I fooam a1 o, 3R 1 UfRva TrEl-ua 1 sifieafad & arfid
PP W-HeR o &I A8y Ui foear T o1 fajiy &9 §, g8 iR R & o
Hifee R SREARY & FH efPHIoN %7 quf v &:

1. TR U &1 o SRft ad a1y gieahraft (SR/<a) 1 ek 9ok & ©0 § URd
BT & 3R HTHTH -1 3R RIS, U -3397 & 1Y SHD YolhATEHD THIT 3R
Tl g SRfT A S iR WSS & 91y Hishd | g9+ Uil fas CSF-1/CSF-1R Rufei &1
AR B I DEX BT fad) gHTasHIRGT & YR BT §, ST8T DEX 3R PLX-3397 GIHI AHIANGT

T 9 JHUM R B UM & gRI Ggail diids § HTH Hd g

2. 1L-12 & fo feefta’l arge & U H DEVs &1 SUINT: §FH IL-12 ®I DEV H A fobar
3R B (Sfad) A TP IR WIoHT TRIUISR @, IL-12 & TR Sad &1 S,
S 3idd: SRAURIG ARHIT-arRAC 3R YUMARTd &1 3id &l ¢! fasTaddr| JR1e-
Hiftrd fauTeddr &l &9 ®Rd §U THIGHINGT ! dgH & oIt 3= A8l &1 fadfia &=
& o S0 AT- IR BT 31T GieT ST Il 5|

3. TS1-Ud 1 3aRiye® & =U H Uifef i &) G: U= =T I8l g9 foaman § & difefs dieh-
Td 1 P 91y GohdT g, UIST -1/M1E1-Td 1 SRERM Bl A vl 7, 3R TCTeTmR UfeRed &l
GRNTIT TR R & (9T H S R Tl & | 3T & ST J Ul el g [ qifefa HIF-
1o P fafafid B ORA PD-L1 STORTRIRM B it A Thall 5|




4. BIECRYA PPV DEX, PLX-3397, 3R Ponatinib Tfgd Te IS IUTR 1 IUI
TPI & TRl & T FHt i dR-aiep! b1 Halferd e o foru favam 7 o | e Su=R
7 TR ARHITARARAC 3R YU UiReT &I SRR dxd iR & [9a™ &I HH B
fear, S ofdd: AR DHIaH HIRFHE 8 SFR 3 I B & TRUTEGRY g3l

Sl TE, COVID-19 B JHYUH & oY, F5 op [daid fT 7T § SR FDA gRT srgHifed
o 7T § | BT, SRR fImfRia Jafi mRNA IT IRy SYTRd 8Id & Sl BR1e R
IR SRIAIGHRIE! I M U IS B1d & | SHIAY, FRRAT B §gM & 1Y -H1Y SRASHRIC
o1 ot FgM & o, T fScita’t are &1 IuanT fohan 51 gedl g ot fafeaiia gea o ot Sig
& 39, I8 AR COVID-19 % IUDR & forg UfcRef Uuredt & Glg o1 4t 90 Rl 5 |
3 g |, SRAT I o1enT ford 7T o1 gfehiaf & Id-Had dakiH & &9 § IAnT fhar
7| gt g U RId fosan for 3t gRT faaRa wigs Wid gad WicH &1 ufcRen & 9grdl §
AR TS BT FIRR HRb T TR BT YR FT B I P Uh-qidt WIgeh WA

T GRI% U qa-i1d Wk & 81 3R Ao UfaRel o 9d o & e 2|
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