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Circular RNAs (circRNAs) are naturally occurring transcripts found in all eukaryotes. Almost all cellular RNA turnover is facilitated by exonucleolytic decay. Circular RNAs are devoid of 5' To benchmark the circRNA expression cassette with conventional The enhanced stability of circRNA (see Fig. 3) results in RNA and
CircRNAs typically derive from protein-coding exons prone to backsplicing (non-linear and 3’ ends and thereby resistant to exonucleases. Consequently, high stability and long half-lives are MmRNA-based expression vectors, the D4 circRNA comprising either protein accumulation over time, whereas mRNA levels decline (Fig.
splicing in which a upstream splice acceptor attacks a downstream donor, see observed for circRNA compared to mRNA (Fig. 3A-B). IREST1 or IRES2 was compared to mRNA expression from the same 5A-B). Despite reduced RNA quantities at the early timepoint (48
schematic below). In contrast to mRNAs, circRNAs are highly stable molecules with vector backbone. The D4_IRES1 design showed superior protein yield 48 hrs, Fig. 5A), circRNA-based translation results in elevated protein
sustained effects within cells. Understanding the biogenesis and potential of circRNA hours after transfection (Fig. 4A-B), despite reduced levels of RNA (Fig. yield (Fig. 5B).
allows repurposing the stable circRNA features into durable protein-coding templates. A Pulse Chase B Pulse (t,) + Total RNA (R) 1 4C), suggesting that cap-independent IRES-mediated translation is more
Here, we show our development of a circRNA expression platformm and our proprietary i ('5 i'_) I2 | 3} | b-hrs H—»hrs — i t1/2=-tLﬁ effective than cap-dependent translation. A RNA B Protein
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Based on endogenous loci with high-yield circRNA production, the prevalent model for o e P 09/ og' PN as measured by western blot quantification normalized to B-actin.
circRNA biogenesis involves flanking inverted repeats (IRs). Here, we show that the IRs g & ¢ § ¢ ¢
are required for biogenesis (Fig. 1A-C) and that biogenesis can be enhanced @v @”‘ @”‘ @v .
significantly by optimization of the IR sequences (Fig. 1C). & 8 &0 7. circAde vector development
Figure 4: Enhanced protein yield from circRNA cassette compared to mRNA. A) Schematic
representation of mRNA (left) and circRNA (right) expression cassette. B) Western blot on protein
A oromoter SA . D from A375 cells transfected with plasmids expressing conventional mRNA-encoding payload or Effective expressing of circular RNA from proprietary circAde
AlR: | promoter SA D R circRNA-encoding ORF using IRES1 or IRES2 for translation as denoted. C) Quantification of protein . . . . . . ey
promoter SA sD ‘—m—ﬂ HLLLGH— expression from transient transfection as in (B) normalized to B-Actin, biological replicates, N=3. D) vectors depends hlghly on site of mtegratlon. From nine initial
circRNA: — 555555 Heess<g— Data supports: Quantification of RNA expression from transient transfection as in (A) by gRT-PCR normalized to genome designs’ 0n|y six circAdes were functional (F|g 7A).
B C Sl , . GAPDH biological replicates, N=3. Dramatic differences in circRNA-based protein expression were
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Figure 1: Optimization of flanking inverted repeats (IRs). A) Schematic representation of circRNA cassettes with or . . . . . HM HELLLLG—
downstream inverted repeat (IR). B-C) Biogenesis as measured by qRT-PCR (B) and protein yield measured by western 5 : RNA I .t .t involved in most if not all cellular pathways- MIRNAs act by targetmg
bIott.ing (C) fiom circ.RNA cassettes with or without downstream IR. D) The impact of downstream IR sequence composition ( ) CIrc accumuiation over time and destab”izing MRNAS harboring binding sites in the 3'UTR (Flg 6A) B Ctrl
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The results support further development of the circRNA cassettes elements) into the circRNA sequence (Fig. 6B). |
Protein translation from circular RNA requires an IRES (internal ribosomal entry site) for and circAde vectors towards therapies where hlgh and prolonged
cap-independent translation (Fig. 2A). Here, testing 10 different designs using 2 . . . -
different IRES elements (schematically shown in Fig. 2B), a dramatic design-dependent expression of any gene of interest is warranted. A B — I | E———p—— e
effect on biogenesis was observed by protein expression, with high and consistent yield m )
from the circRNA producmg D4 and D5 deSIgns (Flg. ZC). ’_’%R’\m A ’ % s I Figure 7. Impact on genome integration Sit? straiiagy on vector functionality and circRNA
- - i @ "] bi is. A) Schematical tati 9 di t integration sites tested. Th
A C GircRNA cassette designs: Future directions £ & Chotkimark denotes that the oioAde vectore were resoued and visble, whoreas for the sites
4%\ o N 0 g 1 e ~ o & S '/—\ \ £ 2- N with grey cross, no viable circAdes were obtained. B) Western blot on cells transduced with
Ry O O O o o o o o a o R ~ > ?i;x tij|fferent I;:wcAdes using payload-specific antibody (upper panel) or loading control
— . . . . . o q- . . - 2 1= ottom panel).
% — o-ORF In addition to further optimization of circRNA performance and building in additional (G / §1
ORF S ] p— ] aectr functionalities, we are currently setting up head-to-head comparison of circRNA and o —— | |
circMRE 217 miR-Ctrl miR-21 miR-21
3 C oRE MRNA expression systems /n vivo within oncology, vaccines and gene replacement. circMock GircMRE _21 Contact |nformat|on
romoter SA SD IRES_2
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Figure 2. Cassette design impact protein yield. A) CircRNA translation depends on cap-independent translation and requires c now e gemen s (MRE) into the circRNA results in miRNA sequestering and miRNA turnover without any impact on E’fbtai”ed Vialthe QR ‘ciOde t
IRES (Internal Ribosome Entry Site) and ORF (Open Reading Frame) as shown. B) Schematic representation of vector circRNA stability thus leading effectively to alleviation of target gene repression. B) Luciferase bor persgna gse_ai'ln mayi?o
cassette used for circRNA expression. C) Western blot on lysate from A375 cells transfected with plasmids expressing ten : o : reporter assay measuring miRNA activity (low luminescence infers high miRNA activity). € reproduced without author
different IRES/ORF designs (D1-D10) using two different IRES elements as shown. This study was funded by Circio ASA Norway. The authors thank everyone in the company for a great permission)
atmosphere and working environment.
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