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[ Abstract ]|  Nucleic acid-based drugs, such as RNA and DNA drugs, exert their
effects at the genetic level. Currently, widely utilized nucleic acid-based drugs include
nucleic acid aptamers, antisense oligonucleotides, mRNA, miRNA, siRNA and saRNA.
However, these drugs frequently encounter challenges during clinical application, such
as poor stability, weak targeting specificity, and difficulties in traversing physiological
barriers. By employing chemical modifications of nucleic acid structures, it is possible to
enhance the stability and targeting specificity of certain nucleic acid drugs within the
body, thereby improving delivery efficiency and reducing immunogenicity. Moreover,
utilizing nucleic acid drug carriers can facilitate the transportation of drugs to lesion
sites, thereby aiding efficient intracellular escape and promoting drug efficacy within the
body. Currently, commonly employed delivery carriers include virus vectors, lipid
nanoparticles, polymer nanoparticles, inorganic nanoparticles, protein carriers and
extracellular vesicles. Nevertheless, individual modifications or delivery carriers alone
are insufficient to overcome numerous obstacles. The integration of nucleic acid
chemical modifications with drug delivery systems holds promise for achieving enhanced
therapeutic effects. However, this approach also presents increased technical complexity
and clinical translation costs. Therefore, the development of nucleic acid drug carriers
and nucleic acid chemical modifications that are both practical and simple, while
maintaining high efficacy, low toxicity, and precise nucleic acid delivery, has become a
prominent research focus in the field of nucleic acid drug development. This review
comprehensively summarizes the advancements in nucleic acid-based drug modifica-
tions and delivery systems. Additionally, strategies to enhance nucleic acid drug
delivery efficiency are discussed, with the aim of providing valuable insights for the

translational application of nucleic acid drugs.
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[ 45B&1E ] 15 1% RNA (messenger RNA, mRNA) ; #& RNA (microRNA , miRNA) ; /)
F# RNA (small interfering RNA ,siRNA ) ; J» 3% 7 RNA (small activating RNA ,saRNA ) ;
B FH ¥ B2 (antisense oligonucleotide , ASO ) ; 5, 5% 9 HLAE 18] [ 09 4212 SLE 8571
(clustered regularly interspaced short palindromic repeats, CRISPR) ; CRISPR % %%
(CRISPR associated, Cas) ; #F BR — Bt e "% ok 4K 5 # & 88 (phosphorodiamidate
morpholino oligomer, PMO) ; #% &40 /& % 4 (chimeric antigen receptor, CAR) ; /& & 2. 1%
wf- o) 4% A 4E T IR J% 2 2 (severe acute respiratory syndrome coronavirus 2, SARS-CoV-2) ;
Jig i 48 K F5 (lipid nanoparticle, LNP) ; 58 & =& [ poly (ethylene glycol) , PEG | ; i 4%
M IR B & 3555 % G I 8 4F T M (hereditary transthyretin-mediated amyloidosis,



TR, 2 LRI PR Ui Al IR AT T

- 419 -

hATTR) ; & /% 42 9% 4 (Marberg virus, MARYV ) ; % Bt e — B ( polyamidoamine , PAMAM ) ;
R T ¥ Tz (polyethylenimine, PEI) ; 3 U 8% — % & T 82 3 B 4 [ poly (lactic-co-
glycolic acid) ,PLGA | ; A £ %, 9% #: 14 5% & (human immunodeficiency virus, HIV) ; B
R 7#E % G (trans-activator, TAT) ; 1, 2- = ity Bt-SN-H- iy -3-Bk Bt 2 8% e (1, 2-dioleoyl-
SN-glycero-3-phosphoethanola-mine , DOPE ) ; N- & BeAL # ¥ $UAE iz ( N-acetylgalatosa-
mine, GalNAc) ; £ 35 H % ‘B $2& (selective organ targeting, SORT)
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Figure 1 Rp and Sp structure of thiophosphate ester
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Figure 2 Structure diagram of several base modifications
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Figure 3  Structure diagram of several ribose modifications
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