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Abstract

CD40, a member of the tumor necrosis factor receptor superfamily, plays a critical role in mediating
immune cell communication and serves as a bridge between innate and adaptive immunity. It is widely
expressed on the surface of DCs, macrophages, B cells and a wide range of tumors. Upon binding with
its trimeric ligand (CD40L) which is expressed on activated T cells, CD40 promotes the activation and
differentiation of APCs, resulting in the generating robust anti-tumor responses. In particular, CD40
stimulation on DCs can induce the expression of MHC molecules and co-stimulatory molecules (CD80,
CDS86, etc) and can re-educate macrophages to induce apoptosis of cancer cells. Hence, the activation
of CD40 through its ligation is well-known to impart anti-tumor effects, either directly or indirectly, by
stimulating both adaptive and innate immune cells. Therefore, CD40 emerges as a promising
therapeutic target for cancer immunotherapy.

Over the past two decades, CD40 agonists have shown promising anti-tumor responses in both pre-
clinical and early clinical trials. Among various CD40 agonists, agonist CD40 antibodies (aCD40) have
gained significant attention and shown immense potential to stimulate long-lasting anti-tumor response.
aCD40 mimics the function of CD40L and promotes anti-tumor effects by activating both innate and
adaptive immune cells and has shown promising results in both preclinical and clinical studies.
However, the use of aCD40 is associated with certain limitations, which serve as one of the bottlenecks
for further clinical development. Various pre-clinical and clinical studies of aCD40 revealed that the
administration of aCD40 is linked with potential disadvantages like cytokine release syndromes, organ-
specific toxicities, autoimmune reactions and thromboembolic syndromes. In addition, aCD40
administration has been shown to surge the expression of PD-L1, and CTLA-4 in TME leading to the
dysfunction and apoptosis of tumor killing immune cells; ultimately causing immune resistance and
supporting tumor progression. Moreover, within TME, the low expression of these co-stimulatory
molecules (CD40, CD86, and CD80) and the reduced availability of tumor antigens, often caused by
antigen masking, significantly hinder the effectiveness of cancer immunotherapy. Therefore, these
disadvantages limit the clinical efficacy of aCD40 and suggest an utmost need to develop some

strategies to improve the efficacy while averting its associated toxicities. To this end, in this thesis,
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novel therapeutic combinations and formulations were developed to address these issues:

1. Combination study with cell-free vaccine using Dendritic cell-derived extra-cellular vesicles: A
cell-free vaccine using tumor specific DC-derived extracellular vesicles (DeX) was designed and
combined with aCD40 to enhance the anti-tumor efficacy. The combination therapy significantly
delayed the tumor growth and showed 40% tumor-free survival. aCD40/DeX combination showed

modulation of tumor microenvironment and significantly reduced lung metastasis.

2. Combinatorial approach with tyrosine kinase inhibitor: Ponatinib, a tyrosine kinase inhibitor,
boosted the anti-tumor efficacy of aCD40 while limiting the associated toxicities. The combination
therapy improved the overall survival across different tumor models, reduced PD-L1 expression and

averted aCD40 associated toxicities.

3. CD40 agonist antibody engineered immunosomes: A novel formulation (Immunosomes) was
engineered to enable selective delivery of aCD40 and RRX-001 to tumors. Immunosomes significantly
modulated TME, surged pro-inflammatory cytokines, showed 100% tumor-free survival and reduced
associated toxicities. Most interestingly, Immunosomes generated long-lasting immune memory that

prevented future tumour recurrence without further treatment.
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CD40, TR A5 Thae RIPR RBGAH 1 T I €, S UfcRef SR TR H Tl
B3 T Hgaquf YfFesT FAuTar 8 3Tk SHeTTd iR il UfoRel & s U gd & U H B Hal
21 Ig ST, Ahithl, ot SIRIBI8T 3R iR &1 Ueh faXgd 4 &1 Ydg R AU T J T fopa
ST 81 Wfehd < PG W ad oA feAfke el (CD40L) & T §eH TR, CD40 APCs Bt
Tfradr 3R HeHTd P! Feral <dl &, e TRumRaeg Hogg Uel-aiR ufafshan 307 g €|
fa2Y ¥U ¥, DC W D40 IS MHC U 3R Tg-3Tidh TS (CDS0, CDS6, 3E) Bt
31fyeafarR ol URd &R Tebcll g IR HUR DIRIBIS & TUIPIRY 1 URT B o T8 Hepithe bl fhR
T Rférd wR Tl 81 SR, 3HP §eH o HIeTH J CD40 B! JfehadT, Il 3R SHoiTd UfcRef
PIRABIS G DI ST R, e AT 3UTe T J UST-SHR THTA UaH - o fard ST offel 8 |
SHATY, CD40 R SRARRYT & 7T T SHTRITSHS Fifdhaiiy el o U H I1Ral ¢ | fUad &l e

H, cp40 TR A W-fFaHed iR Feaid! fdaed crad aiFl & SHRITeH® Udl-ciR ufafdarng
fear 81 fafid cp4o TifRe #, TMfARe ¢D40 TCTETET (aCD40) 7 HETYU! & TS T §
3R T JHY % I aTalt UCT-arR Ufafehar &l IAfid B &1 SUR &Hdl fGdTs 81 aCD40
CD40L o BT B! FdHd Bl 8 AR ST 3R IRl VIR HIRIBIH GHI & Jfohd ddh UT-
IR THTAT ! SgTaT 3T § 3R g iR foaFed aFf sremg=i 1§ semeie Ry fexamg
8| BTGP, aCD40 BT STANT & 1T I JST g 8, S 3T & ~al-1dh faer & forg arensi 7 9
U o SO H B P § | aCDA0 3 fafve Ui-foafiopdt $fR foaera sierdHi 3 al 9ell § i aCD40
RIS S FUIfId THam! ¥ ST g3 5 | ST fATdT, «CD40 URIRH 4 TME H PD-L1 3R CTLA-
431 SN P! T 3 8, T TR 1 ARA aTel! UToRéf PIRIP1SH o1 RIerar ik sraig iR
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B Ol ©; Sicd: UfoRef TRl &7 RN §77dT 8 3R TR ! TIfA BT T el 8 | S 31,
TME & IR, S 98-30old fU[3fT (CD40, CD86 3R CDS0) &1 o 3ifcafad 3R SR Geio &
S JUAKII, ST SR TEST IR o BRUT BIcl 8, HUR SRAURYT Bl THIGRierdl H BIob! ae
STl 21 3R, T THUH aCD40 Bl el THTGHTRAT ! JEd da 8 3R 39 JS! fawredan
DI hd U UHIGHTRAT H YR B o ol & IUHITG] Bl [dpRid d- Bl (i Sagdhd]
B YE od 31 39 3229 9, 9 IR 1, 39 e} ! Yaifdd oo & foe U iferafia Taee sk

(IHCRH fashRid fohy Te:

1. Sf$fedh Ya-oge TaReT-UqeR RIS &1 SUINT G Ual-Ih! dai & WY TaIe 3feqgH:
=R fafdry Shfl-ogad TeeRider aRe e (STUaT) o1 SUART b Ueh -Th! dafi= daR &l T

3R UCT-EHR THTASIRG D! S o [T aCD40 & 1Y Igd fohd1 71T | TS feifdsedt 4 oFR o

G T BB & Bl 3R 40% CFR-Tad ITReNAdl [G@S| aCD40/DeX IAH A TR

AT ehIU-aIIRHC Bl HISZARH fear 3R Bhe! o HeRERIY &l H1tl 6H T |

2. TR fH SIeRIYe & 1Y GhIoH P10 TR, Ueh R fhast sfariee, 3 Teifdd
faSTerTcll o1 TP HRl §U 0CD40 B TE-SIHR YHITH IR b1 FG 1T | o feifche A faftrs &R
Aied H TH ITReiadl 8§ JUR a1, PD-L1 Nl & &H T 3R aCD40 I el fasTadd

P Tl

3. CD40 TMFRE GEIaTS! Sollfas SRANM: &R H aCD40 3R RRX-001 BT gl fSefiasdt &I
e X 0 Ue 71 BIHaIRH (SREANI) SonfeR fosam 71 o1 SRgAEM 3 TME 1 Heayu
U J NI fopa, -Soames) ArEeife-g & 9g1/T, 100% IHR-Had 3fid foamn ik Jafta
fawTaRTaT 1 W 3| Je Teera™d o1d I8 © o SR A dd 990 e Ie aTall UfoRe S
I D! Forg fomT fobet sifdiRed IUAR & Hids T &R Bt GRIg il bl b |
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