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Abstract
Oxidative stress, driven by reactive oxygen species (ROS) imbalance, causes cellular damage and
chronic inflammation via positive feedback loop. Extracellular SOD3 convert superoxide to hydrogen
peroxide, while GPx3 reduces it to water, providing synergistic neutralizing potential. A bicistronic co-
expression construct is developing using IRES2 and specific minding mRNA processing and protein
secretion into extracellular space. The construct will be cloned into pcDNA3.4 under CMV promoter.
Functionality of this construct will be assessed in HEK293T cells via assays suitable for mMRNA and
protein levels. This approach may enhance antioxidant defense in regenerative medicine and oxidative
stress-related pathologies.
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AHHOTaNUA

OKHCITUTENBHBIA CTPeCC, BBHI3BAHHBIM HAKOIUIEHHEM aKTHBHBIX (opM kuciopoma (ADK), cmocoben
CTaTh NPUYMHON BO3ZHUKHOBEHHUS KJIETOYHBIX MOBPEXICHUH M XPOHMUYECKOTO BOCHAJICHHS 3a CUET
(dopMupoBaHUS TETIIM TOJOXKHUTENbHOH oOpaTHOW cBsisu. Depment SOD3  obecneunBaer
npeoOpa3oBaHUE CYINEPOKCHAA KHUCIOpoJa B IMEPEeKUCh BOAOpOJa, IOKa akTuBHOCTH GPx3
CIIOCOOCTBYET YTWJIM3ALUH MEPEKUCH B BOLY, YTO CIIOCOOCTBYET CHHEprHyHOMY AeicTBuio. bpuia
paspaboTana OUITCTPOHHAS KOHCTPYKIIHSI IIs1 COBMECTHOH dKCITpeccuu ¢ ncnoib3oBarreM IRES2, aro
obecrieuynT mnpaBuibHBI npomeccuHr MPHK u  cekpenmro o0omx ©OenkoB BO BHEKJIETOYHOE
npocTpancTBO. KoHcTpyknus Oymer xioHHMpoBaHa B BekTop pcDNA3.4 mom KOHCTUTYTHBHBIH
mpomorop CMV. OyHKIMOHATIBHOCTh KOHCTpYyKIuu Oymer omeHeHa B kietkax HEK293T c
HCIOJI30BAHMEM METOAOB, MO3BOJSIOIIMX KOMUYECTBeHHO ompenensts ypoBHu MPHK u Genkos.
[Ipeanaraemplii 1OAXOA MOXKET CIIOCOOCTBOBATH YCHUJIGHHMIO AHTHOKCHJAHTHOM 3alIUTHl B
pereHepaTuBHON MEIULIMHE U IPU MATOIOTUSIX, ACCOLUUUPOBAHHBIX C OKUCIUTEIBHBIM CTPECCOM.
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Oxidative stress is an imbalance between the production of ROS and the capacity of
cellular antioxidant system to neutralize them, resulting in damage to the DNA, proteins, and
lipids. Accumulated ROS and oxidized biomolecules can further stimulate ROS production,
creating a self-amplifying positive feedback loop that drives chronic inflammation and results



in cellular and tissue dysfunction. Co-expression of extracellular antioxidant enzymes is
proposed as a strategy to interrupt this vicious cycle by efficiently neutralizing superoxide and
hydrogen peroxide in the extracellular space, thereby limiting the amplification of oxidative
damage and inflammation. This study aims to develop a co-expression construct for glutathione
peroxidase 3 (GPx3) and superoxide dismutase 3 (SOD3) to strengthen antioxidant defense and
potentially break the ROS vicious cycle [1]. The designed construct is compact and contains
only about 4000 nucleotides without a marker gene. This allows it to be packaged into adeno-
associated viral (AAV) vectors for direct local delivery to sites of inflammation caused by
elevated ROS levels. Unlike CRISPRa-mediated activation, which has already been tested in
related laboratory work and improves cell resistance, this approach creates a complete ready-
to-use cassette for future in vivo validation in animal models.

SOD3 and GPx3 were selected as target enzymes due to their complementary roles in
extracellular ROS neutralization and predominantly tumor suppressor effects [2]. SOD3, an
extracellular Cu/Zn-superoxide dismutase, converts superoxide anions into hydrogen peroxide
and oxygen, preventing superoxide-mediated damage. GPx3, a secreted selenium-dependent
glutathione peroxidase, reduces H-0. and lipid hydroperoxides to water using glutathione,
thereby eliminating the potentially harmful product of SOD3 activity. Their synergistic action
prevents H:0: accumulation and interrupts the vicious cycle of oxidative stress
amplification. To achieve stoichiometric and stable co-expression, the construct incorporates
specific 3'UTR sequences for each gene to ensure proper mRNA processing and protein
secretion into extracellular space. We utilize in our construct the internal ribosome entry site 2
(IRES2) elements to enable independent translation of both GPx3 and SOD3 from a single
MRNA. Two modular cassette variants were designed for commercial gene synthesis: (GPx3-
3'UTR)-IRES2-(SOD3-3'UTR)-IRES2-mCherry for in vitro validation by and fluorescence-
based monitoring and (GPx3-3'UTR)-IRES2-(SOD3-3'UTR). These cassettes will be inserted
into the pcDNA3.4 expression vector under the strong constitutive CMV promoter with a
WPRE element (for enhanced mRNA stability and expression) via Sacl and Agel restriction
sites, allowing enhanced expression and future recloning flexibility. Following transfection of
HEK?293T cells with the resulting constructs, the functionality and efficiency of our design will
be assessed using gRT-PCR for mRNA level-overexpression and western blotting for protein
levels.

The designed GPx3/SOD3 co-expression construct using IRES2 and 3'UTR elements
offers a promising platform for achieving coordinated production of secreted antioxidant
enzymes in eukaryotic cells. By targeting extracellular ROS detoxification, this approach offers
a safe strategy for enhancing cellular resistance to oxidative damage could find applications in
regenerative medicine and therapy of oxidative stress-related pathologies.
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