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[ Abstract |  Messenger RNA (mRNA) therapeutics involve delivering in witro
transcribed mRNA into specific cells to produce target proteins for the treatment or

prevention of diseases. However, the development of mRNA therapeutics relies largely
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on mRNA delivery systems. Lipid nanoparticles (LNPs) represent the most widely used
mRNA carriers in clinical applications. Composed of ionizable lipids, zwitterionic
phospholipids, cholesterol, and polyethylene glycol-lipids, LNPs can address critical
challenges in mRNA drug development, such as poor in vivo stability and the difficulty in
crossing biological barriers. Ultimately, LNPs enable safe, efficient, and targeted mRNA
delivery to the liver, lung, spleen, and other organs. This review outlines the roles of the
four lipid components in LNPs for mRNA delivery. It then introduces targeted mRNA
delivery to various organs/tissues such as the liver, lung, spleen, pancreas, bone marrow,
and placenta, using strategies such as antibody modification, lipid structure alteration, and
specialized administration routes. Additionally, this review discusses the applications and
challenges of LNP-based mRNA therapeutics in disease treatment, aiming to provide
insights for the clinical translation of mRNA therapies and for further innovations in

LNP delivery systems.

[ Key words] Messenger RNA therapy; Messenger RNA delivery system; Lipid
nanoparticle; Targeted delivery; Gene therapy; Review
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[ F5BE1E |  1514% RNA (messenger RNA, mRNA) ; i§ /it 41 K 4= (lipid nanoparticle,
LNP) ;2019 & 4% 5% Z 9% (coronavirus disease 2019, COVID-19) ; & 25 & i B4 1
%1 (Food and Drug Administration, FDA) ; 22 & = B (polyethylene glycol, PEG) ; > F
# RNA (small interfering RNA,siRNA) ; 1,2- =A% g Bt -sn-H b -3-BF B2 A2 5 (1, 2-
distearoyl-sn-glycero-3-phosphorylcholine, DSPC) ; 1,2-= A & 72 Bt 2 -sn-H b (1, 2-
dimyristoyl-sn-glycerol, DMG) ; 1, 2- = i Bt -3- = 7 3k 4% - & b2 (1, 2-dioleoyl-3-
dimethylammonium-propane , DODAP) ; B % & “# 4% (acid dissociation constant, pK,) ;
1,2-= 3 Bt-sn-H b -3-B B & B2 Bz (1, 2-dioleoyl-sn-glycero-3-phosphoethanolamine,,
DOPE) ; # 4 #1 /& % #& (chimeric antigen receptor, CAR) ; % B ik B ¥ 8 (selective
organ targeting, SORT) ; 1,2- = i1 BE-3- = F 3K 4% % )% (1, 2-dioleoyl-3-trimethylammoni-
umpropane , DOTAP)
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