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1. VSEBINSKI OPIS PROJEKTA

Eden vedjih izzivov terapije s celicami T s himernim antigenskim receptorjem (CAR-T) je varnost.
Neinvaziven nadzor nad CAR T celicami je torej klju¢en za povecanje ucinkovitosti in varnosti zdravljenja.
Ultrazvok ima edinstveno prednost pred drugimi tehnologijami. Omogoca s prostorsko natancnostjo
neinvaziven ¢asovni nadzor nad celi¢no aktivnostjo v globokem tkivu, kar bomo uporabili za neinvazivno
aktivacijo nacértovanih terapevtskih naprav. Vrsta izzivov je povezana z ultrazvoc¢no aktivacijo terapevtskih
celic pri imunoterapiji raka; v tem projektu bomo naslovili dva izmed njih. Skrajsanje trajanja insonacije
bomo dosegli z vkljuéitvijo sintetiéne Ca?* pozitivne povratne zanke, ki bo temeljila na Ca?* izpustno
aktiviranih Ca?* kanal¢kih (Ca?** release-activated Ca?* channels, CRAC), ki omogocajo dolgotrajno
stimulacijo. Za izdelavo sinteti¢nega ojacevalnika Ca®* signala bomo uporabili interakcije med STIM1 in
Orail. Za regulacijo izrazanja avtolognih genov in CARa bomo ustvarili transkripcijske faktorje, ki bodo
temeljili na DNA vezavni domeni iz CRISPR, ki omogocajo nadzor izrazanja vec¢ genov naenkrat in bodo
odzivni na ultrazvok. Za dokaz koncepta delovanja terapevtskih celic bomo zasledovali citotoksi¢nost in
unievanje tumorja s prostorsko in €asovno odvisno neinvazivno ultrazvo¢no aktivacijo CAR-T celic.
Opisana zasnova ultrazvo¢ne imunomodulacije bo nudila edinstven pristop k raziskavam uporabe CAR-T
proti trdnim tumorjem in bo sluZila kot u¢inkovito orodje za neinvazivno ¢asovno in prostorsko aktivacijo
genov. Akustogenetska kontrola aktivacije umetnih T celic bo omogocila razvoj varnejsih celi¢nih terapij.

One of the biggest concerns of chimeric antigen receptor (CAR) T-cell therapy is safety. Noninvasive
functional control of CAR T cells to enhance therapeutic and safety outcomes is therefore crucial.
Ultrasound has a unique advantage in providing noninvasive temporal control of cellular activity in deep
tissue with spatial precision. We will use exposure to ultrasound, insonation, for noninvasive temporal
activation of an engineered therapeutic device. The focused ultrasound (FUS) activation of therapeutic
cells in cancer immunotherapy presents several challenges; we aim to address two of them. A shortened
insonation time will be achieved with the incorporation of a synthetic Ca?* positive feedback loop based
on Ca? release-activated Ca?* channels (CRAC), which underline sustained Ca*" signaling. Interaction
between STIM1 and Orail will be exploited to build a synthetic Ca%" signal amplifier. To regulate the
expression of autologous genes and CARs, the US-responsive transcription factors based on the CRISPR
DNA-binding domain, being able to regulate diverse genes, will be synthesized. For proof-of-concept, a
spatiotemporal noninvasive activation of the US-responsive CAR T cells inducing cytotoxicity and tumor
eradication will be tested. This ultrasound immunomodulation platform will provide a unique approach to
precisely direct CAR-mediated anti-solid tumor activity and serve as an efficient tool for noninvasive
spatiotemporal gene activation. Acoustogenetic control of the activation of engineered T cells may
facilitate the design of safer cell therapies.
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2. faze projekta in njihova realizacija

WP1: Skraj$anje ¢asa insonacije z uvedbo Ca?* pozitivhe povratne zanke

WP2. Dekodiranje ultrazvoénega signala za aktivacijo nihanj citosolne koncentracije Ca*
WP3: Nadrtovanje signalne poti za uravnavanje transkripcije avtolognih genov z ultrazvokom
WP4: Predstavitev ultrazvocne prostorsko-Casovne aktivacije izdelanih terapevtskih celic in
implementacija v medicinsko pomembnih okoljih

WP1: Shortening insonation time by introducing Ca?* positive feedback loop

WP2. Decoding ultrasound signal to trigger different Ca?* oscillations

WP3: Design a signaling pathway to regulate the transcription of autologous genes triggered by
ultrasound

WP4: Demonstration of ultrasound spatiotemporal activation of engineered therapeutic cells and
implementation in medically relevant settings
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