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ABSTRACT

Despite diagnostic advancements in prostate cancer, early detection of aggressive forms
remains challenging. Prostate specific antigen (PSA) screening, followed by biopsy, is the
standard diagnostic method. However, this approach is hampered by over-detection and
inability to differentiate between dormant and aggressive tumors by PSA, leading to
unnecessary invasive procedures and overtreatment. Prostate specific membrane antigen
(PSMA), a tissue-based biomarker linked to prostate cancer aggressiveness has shown promise,
but heterogeneity in expression necessitates exploration of new biomarkers. Treatments like
surgery, radiotherapy, hormonal therapy, chemotherapy and immunotherapy have lessened the
burden of metastatic prostate cancer. Nonetheless, undesirable side effects like recurrence and
development of insensitive and resistant tumors makes it imperative to search for alternative

treatment approaches.

Protein-based nanomedicines have emerged as promising alternative in cancer detection and
therapy by utilizing diverse functional properties of various proteins to overcome the
limitations of conventional small molecules drugs. In contrast to conventional chemotherapy,
protein-based nanomedicines offer precise targeting, reduced off-target effects and enhanced
therapeutic efficacy. In the present work, novel composite protein engineered nanomedicines
were designed while conjugating different class of proteins via genetic engineering for prostate

cancer management.

Erythropoietin-producing hepatocellular (Eph) receptors a subfamily of receptor tyrosine
kinases, play a pivotal role in cancer development and progression. Thus, Ephs, have emerged
as prominent cancer biomarkers due to their aberrant expression with cancer progression.
Azurin, a bacterial protein isolated from Pseudomonas aeruginosa, has demonstrated its
potential in inhibiting tumor progression by disrupting Eph—ephrin signaling via its C-terminal
domain as one of the mechanisms. In prostate cancer, overexpression of EphA6 receptors has
been associated with prostate cancer metastasis. Thus, for the first-time cell surface receptor,
EphA6 has been explored as a theranostic biomarker for detecting and simultaneously killing
of metastatic prostate cancer in in vitro studies. The in silico binding studies, demonstrated that
the fusion protein, hissEGFP-azu (80-128) exhibited higher binding affinity for the EphA6
receptor compared to traditional ephrin A ligands via azu (80—-128) peptide. Inspired by the in

v|Page



silico binding studies, a novel recombinant protein hissEGFP-azu (80-128) was designed,
cloned, expressed, and purified. The hissEGFP-azu (80-128) fusion protein, spontaneously
self-assembled as nanoparticles, effectively targeted EphAG6 receptors on prostate cancer cells
(LNCaP) and demonstrated remarkable imaging potential, antiproliferative, apoptotic,
antimigratory, and anti-invasive effects, while sparing EphA6-negative human normal lung
cells (WI-38).

Further, to enhance the therapeutic efficacy of azurin via it’s nanodelivery as cross-linked
azurin-ELP micelles, a fusion protein composed of azurin and a thermally responsive structural
cationic elastin-like protein (ELP), was designed, cloned, expressed, and purified. A simple
method of inverse transition cycle (ITC) was employed to purify the fusion protein azurin-ELP
diblock copolymer (d-bc). Further, it’s self-assembly properties were investigated.
Interestingly, the engineered azurin-ELP d-bc in response to increasing temperature shows a
dual step phase separation into bio-functional nanostructures. Around physiological
temperature azurin-ELP d-bc formed stable coacervates which was dependent on the
concentration and time of incubation. These coacervates were formed below the lower critical
solubility temperature (LCST) of the ELP block at physiological temperature. Above LCST
micelles of size ranging from 25-30 nm are formed. The cytotoxicity of azurin-ELP d-bc
depends on the size of coacervates formed and their cellular uptake at physiological
temperature. Further, MTT assay of azurin-ELP d-bc in the cross-linked micelles prepared ex
situ showed > six times higher killing of LNCaP cells than the unimeric form of azurin-ELP at
5 UM concentration. The flow cytometric results of these micelles at 20 UM concentration
showed, ~97 % LNCaP cells in apoptotic phase. Thus, azurin-ELP cross-linked micelles

enhanced potential for anticancer therapy due to their higher avidity.

Thus, in retrospect protein-engineered nanomedinces based on the recombinant proteins,
azurin-ELP and hissEGFP-azu (80-128) were designed by fusing, an anticancer bacterial
protein, azurin with a thermoresponsive structural protein, ELP and azurin’s peptide azu (80-
128) with fluorescent protein EGFP, respectively. The unique functions of both the components
in the fusion systems aided in the nanoscale self-assembly of the recombinant proteins to
achieve enhanced therapeutic effect along with real time imaging of the prostate cancer cells.
The work collectively represents innovative approaches for targeting prostate cancer aiming to

overcome the limitations associated with conventional approach. These findings contribute
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valuable insights to the evolving field of protein-based nanotherapeutics and nanotheranostics

with significant potential for precision cancer therapy.
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R

UReC IR B eI W & STao]g, ek 01 & T Il ST gAIyo! a1 gl
21 URee fafRy e (divan) Tl 39& 91 S, A e Ugid g1 grife,
Huu gRT sifa-ugar 3R fAfery iR SMHME SR & s 3R &1 o gl &
HRUT TG VDIV FIEd BraT §, o SIS TS Uihany SR At ITaR
BT 31 Uree fafRry fareeht UM (fuauan), UReT ¥R &1 STl § S[eT U Sddb
ST SRR = aTal fo@mn g, dfd sifieafad § fafaerd & HRor AU SR Hi
TSl B HTIRISHT BT & | o, ISR, g AR, HIERRUT 3R SRR o
SUERT 7 HeRefed URee ¥R & a1y &1 HH $x el | Ievald, ride=id 3R
OfeRIet eR &1 TRIGRT 3R ™ oY Saig-1a g9HE ddhicdd IUAR VI B
ISt AT AR S 6 |

URUR® Bl el aret garsft & dmmell &1 g w1 & forw fafta e & fafay
HTafAD TN BT IUTNT HRh NEH-3MeTRA FTRTSRA IR HT Udl T 3R TR H
TH SRS [dhed & ©0 & SH g1 TRURS ST & fausid, UieH-smemd
RS T aeiiaul, HH-A8T THTE 3R §¢ g3 Rl UHIGHIRAT UeH Hd]
g1 909 B H, UReT HIR UeYH & e sgdfies SeifafT & miegd 9 UidH &
faftrsr o &1 WY R gU A ¥ WidH Sefifar Aafsie fesmga feu mu |
TRIIEeT-IdTae SUCRIGeR (SU) RATH, RALR TR =149 o1 Ueb IUURAR,
FIR & faHr 3R TIfd B Ae@yul YA AU § 1 39 USR, HOR &1 W1 & 1Y It
R AT F HRUT TR T HIR TAMGR & €0 & W g YSHHN
TSN ¥ 3@ fohaT 7471 T Sitary] Ui, 3 gRE, 7 T o & 0 | 304 Idt-cfifaa
ST & ATeoH ¥ UH-Uh-1 R o S1fiid ®Rb SR &1 UAIfd B b H S0 &
o1 TR fhar 8 1 Tiee R H, EphA6 AT &1 31fies sifiaufad tiee haR Aere R
T JS! 8% Bl 3T UBR, Ul IR HIABGT Tag RAW, EphA6 & 3 fael st o
TTReTe® TRET ¥R &1 Udl T 3R 1Y g ARA & e T fafdreita S & &4
o @ror a1 g | et SrEfS st ¥ udt Ia € f Waad Ui, hissEGFP-azu (80-
128) 7 azu (80-128) UPTES & Ty ¥ URUR® T ferfis &1 g & EphAs RAPR &
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fo = STt Teiy uefRia forar 81 fafere afE sremmt ¥ o g, te Ad
T: AT WIS hissEGFP-azu (80-128) B fSuigH, FaH, o9ad 3R Y favan T T
hissEGFP-azu (80-128) T@TT W, AU & ¥U H Wd: UHAd glhR, TRSC HaAR
HIRBTA (LNCaP) TR EphA6 RAPH &Y gHTe 377 T @ferd BaT 8 iR EphA6-THRIHS
AMd AR BHSl & HIRIBIS (WI-38) I FBRIA U Saa-1g AT &,
TferthRfed, Taimife s, Tmmgdiest sik Ud)-g1aRa gural &1 Ue=iH R 8|

D AT, HY-eide TIRA-Suad! PRI & 0 § AifSeiadl & Ty 9 oA &
fafaila guEHIRGT &1 dgM & g, SGRA ¥ &1 U Jaa- WdH &R T yHd
yfafshariel TRETHED YA S d-oi W Gt ol fgursH, Faiq, Jad iR
[ fobar 7ran Tl Hera G SrgiRA-3UaTdt SEseiich DUl (S1-a1¥) DI Yok bR
o ToTT epd AHAU Ih (TSR DI U IR A ! FAford fopan mar o1l 39
3T, 3P| Veth-Tach Uil &) S & 715 | feaery a1d U8 § f sgd aua= &
ad § o8 SrgRA-3uadt S-aRdt Sla-®rafdasd AAReaeR | alg IRUN IR
JYGHUl ! SR g1 WRING dUAH & UM SigRA-3uaul Sl-akft 74 RR
HITICH BT (AT o ST S AR &1 U TdT 3R Jrg W ARk o1l & Sigde IRk
dIAH R SUAUT S & e Hgaqul gamRited dadE @adiead) ¥ e &1 g
TAHIEEE! & SHW 25-30 TIUH AHHR & R §9d €1 SRA-suad! Si-afift &t
TrEeieliafe] fed HITTdeT & HTHR AR ARG dGHM W 375 JIER SaNToT
IR R T 81 39 @], Hig-foids PRay daR gd e # srifka-suadt St-ofid
o THCIE! IR ¥ Ul Il b 5 uM Higdl TR SIRA-STAUT & ARG &9 DI ga-1 §
T HIRIB1SH B B8 1 S TAT g 51 20 uM Jidl W 34 8l & JaTe
grscrfced uRumal § udr e, TUEifced oRU § ~97 % LNCaP HIRGN| 59 UDR,
3IRA-SET! hig-feias FoRier = 31u=1 I 3Tl o HRUT R et fafdredt dT e
ge1dl|

U UBR, T: Yo UIEH W YR T: TS Wi Soni-iR A-aieRd & Tgie-
SUAUT SR ITd (80-128) BT WIS GRT ST b T T, Toh WelhaR daciiaa
TN, YHRITRIE YeTe® WA & 1Y TRA, STAT! 3R TSRT & 9PTES azu (80 -
128) SHHT: TARIKC U SSNUHT &b 1Y | Joa- gonferdl & i1 ged! & 3 Bl 3
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TRET IR DITABIS B! AR THI AT & JTY-T1Y I7d (b THTT UTed =
& foTT g: TS UIcH & -k d W-Hdio § JeTdl &1 | 98 ST URARS DI
T St A1l B R TR & I T YRS HIR &I dierd HRA & folE qHfed U
T3 =Bwivr &1 ufafAfia war g1 3 ey gde HR R & forg Aeayuf emar am
TEA- MRS ARG R R ANRFARe & AR &7 # geuaH Sfaed ueH
IR gl
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