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Abstract of Thesis

This research aimed to develop an entirely new platform for the tetravalent conjugation of a 4-
arm polyethylene glycol (PEG) molecule with an antisense oligonucleotide (ASO). ASOs are
considered highly potential therapeutics that suffer from several limitations like short half-life
in vivobecause of either low stability towards the nuclease enzyme or their rapid renal excretion.
PEGylation, where PEG is covalently attached to drug molecules, is a common technique to
improve the conjugates' blood stability and retention time by reducing renal excretion and
enzymatic breakdown. Thus, the pharmacokinetic behavior of the PEGylated ASO-based drugs
may be enhanced by various PEG molecules, ranging from linear to highly branching or from
low molecular weight to larger molecular weight. However, conjugating a 4-arm-PEG with four
ASOs (4-arm-PEG-tetra ASOs) represents an entirely novel approach. As a result, I think the
current study will contribute significantly to developing a new platform for future therapeutic
research on ASO-based drug delivery.

The initial goal of this study was to develop a synthesis and characterization protocol to obtain
pure 4-arm-PEG-tetra ASO conjugates. The choice of suitable 4-arm-PEG to conjugate with
ASOs played a vital role in this regard. Here in this study, commercially available 4-arm-
PEG5K-succinimidyl carboxymethyl-ester and 4-arm-PEG10K-maleimide have been selected for
conjugation with ASOs with a suitable linker. I then choose an ASO that targets the Malati
gene (one of the most abundant gene in mammals responsible for cancer) with -NHz and -SH
linkers, respectively, to conjugate with 4-arm-PEGs. To obtain desired 4-arm-PEG-tetra ASOs,
a number of reactions in various conditions were performed between Malatl ASOs with amino
linker or a thiol linker to conjugate with 4-arm-PEGs having an NHS ester or maleimide
respectively. However, the purification and characterization procedures were the most
challenging part to obtain the pure target conjugated product. Several chromatographic
techniques, including reversed-phase (RP)-HPLC, ion exchange chromatography (IEX), and size
exclusion chromatography (SEC), have been used for the purification of the target compound.
Interestingly, RP-HPLC technique provides better yield although initially, I assumed that SEC
could be a superior option due to the larger molecular weight of conjugates. The pure 4-arm-
PEG-tetra ASOs were characterized by MALDI-TOF-MS measurement. As a result, the
synthesis, purification, and structural analysis procedures were established, and a protocol was
designed for the large-scale synthesis of 4-arm-PEG-tetra ASOs. Interestingly, the reaction yield
between thiol and maleimide was found to be substantially larger (46% and 44%) than the
reaction yield between amine and NHS ester (8%). The water hydrolysis of the NHS ester most
likely decreased the desired yield in the second reaction. As a result, I used 4-arm-PEG-
maleimide (10 kDa) conjugated with Malatl ASO with thiol linker for the further experimental
procedure.




In the next step of my research, I performed the in vitro hybridizing potential of 4-arm-PEG-
tetra ASOs (tetramer) with complementary RNA (cRNA) and made the comparison with parent
Malatl ASOs (monomer). Results showed no difference in the thermal stability of duplexes
formed by Malatl ASOs and 4-arm-PEG-tetra ASOs with ¢cRNA. Later, the in vitro antisense
activity of the 4-arm-PEG-tetra ASOs in NMulLi cell line using lipofectamine (transfection
reagent) and gymnosis (free uptake) method were evaluated. 4-arm-PEG-tetra ASOs showed
knockdown efficacy in both methods although the activity was slightly decreased compared to
the equivalent parent Malatl ASOs. The essential point of this result was the activity of quite
high molecular weight 4-arm-PEG-tetra ASOs which motivated me to investigate the gene
silencing activity in different organs in vivo. As expected, the in vivo evaluation showed
comparable knockdown efficacy of 4-arm-PEG-tetra ASOs with parent Malati1 ASOs for a longer
duration in few organs. This opens up new hope for future therapeutics of 4-arm-PEG-tetra
ASOs.

The stability and cleavability of 4-arm-PEG-tetra ASOs were performed later in the cellular
extract (CE). The key goal was to study the mechanism of the in vitro and in vivo activity of 4-
arm-PEG-tetra ASOs. The result showed the conjugate was relatively stable in the CE,
suggesting that 4-arm-PEG-tetra ASOs showed its activity by hybridizing with messenger RNA
(mRNA) in its intact form.

Lastly, the impact of PEG conjugation on the nuclease resistance of ASOs in CE was examined.
For this purpose, Malatl ASO sequence without any phosphorothioate (PS) was used. The
stability of this sequence after PEG conjugation was observed in 90% and 50% CE, and no
significant impact on PEG conjugation was observed compared to the unconjugated one. The
study indicated that a comparatively high molecular weight or higher density of PEG is required
to create a shielding effect of the ASOs against enzymatic degradations.

In conclusion, 4-arm-PEG-tetra ASOs consisting of 4-arm-PEG and four ASOs were successfully
synthesized, purified and characterized. Later, some in vitro and in vivo biophysical properties
were evaluated. In future this type of conjugating platform can be used in the conventional
oligonucleotide therapeutics or duel mRNA vaccination technology.
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MR EIIT R AT X ) 7 ¢ & LCHEBEZED TR Y . BIEH R CHHA MR B OIRRIEBR S IE I I D
BILTWS, FOHTET o F o AL, FEHRORK & 72 585 F Opre-mRNASCIRNAZR & & B AIHE AN #5 A
L. ZOMELHIET S Z & TEDETT, ZRNETOT o F v ABBICET RO T, LENTOREN
ICEENAEAIRNAIC KT 2 A5 A B 2 M D 7o SO N TSP SN CE e, 25 LR OEEICHE,

HXBRCIZT TICO B OT v F vV AMPARREN TS, —F, EEHLE L TOEHAZELICHED DI
W, MR LA TEWTR2WIRELE SN TR, 7o T ARBERR L LB 2A1387 7 v 74—
LORFBENLEENLTND, ZOXIREROL L, REEEILT T & 0 AR OEYTRE DU EL BN DR,
PROFEGMEOR L Wo T BLEND, 40 ORY =F LY a—)b (4-arm PEG) ORIGIZHAFEEITT
Ty TR ARG SHIHT R BERDO T T v N T — AERE L, TOAK. WG, AR EE
FEMTICH D A, BL IR TN iR 2 1572,

1) T T AKGEE L 4—arm PEG & & 2 FEEH OB AR L VS S, TOA KSR LG L7
B, ToF B ABORMEA LT F A —L i d4-arm PEGOFKRIDO~ LA I FEEOKSIZE Y, B
L9 B 4-armPEGREA BT > F& AR IR/ LN Z 2 R LT,

2) BAEDHER T 2 BEEE L. Ak L724-arm-PEGHES &L T o F & o AR DR BL & Maat U725 5. W AAHPLC
WL RBHICLY B Z SECTHOLND Z L 2RI 5 L & HIZ, MALDI-TOF-MSIZ & 2 ff i fife a8 ik & 1 25
L7,

3) FERIRNA & OFEA BRI 2 AR EERE I LV MRAE L, 4-arm-PEGRE &L T o F& o ABEERIIPEG & #k A L
TWRWT U F v AR L R ORNAFE A TERMEF L CnWbd 2 2 A LT,

4) R IR 2 5 2 & T, 4-arm-PEGRE AT o F v v A OMMEN TOLERZFEM L., £ 05
UNRIIR N 22 e & SERE L 7=,

5) BRI L O~ v 22x L CTh-arm-PEGHE T T o F v o A A5 L, 507286 F B INEI%h 5
EWR LTz, F72. 4-armPEGHE ST T & AEBRIFPEG EFE S L TNV T T v AR & 1387 D i
P FEMEA A S NS5 E L BIT, —EBDMESIC B TIRN B ORMER M E9 5 & v ) R A5,
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AR Z BRI Z LICS Le, TR b ORI, SR OB IO FERICKVICERT 26O TH D
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