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Abstract: As a major global public health problem, pulmonary diseases threaten human life and health while
causing a huge economic burden. The messenger RNA (mRNA)-based inhalation preparation, which effectively
targets pulmonary cells can overcome the problems of traditional therapy, such as high side effects, low pulmonary
bioavailability, and difficulty in synthesizing target proteins in vitro, thus providing new ideas for the treatment of
pulmonary diseases. However, as the lung structure is complex and mRNA has trouble entering cells, researchers
have been attempting to develop a suitable nano delivery system for higher delivery efficiency. This review
introduces the barriers to pulmonary delivery, discusses the recent research development of the mRNA pulmonary
delivery systems, including lipid nanoparticles, polymeric nanoparticles, polypeptides and exosomes, summarizes
their limitations and looks forward to the application of mRNA inhalation preparations.
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Figure 1 Schematic illustration of the pulmonary barriers that affect mRNA delivery. A: The optimal aero dynamic diameter for efficient

lung deposition typically is in a range between 1-5 um; B: Mucociliary clearance; C: Alveolar macrophages and pulmonary surfactant;

D: Cellular and intracellular barriers
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Figure 3 Schematic representation of the most commonly used
lipid nanoparticles (LNPs) for RNA delivery. A: Liposomes pre-
pared by cationic lipid; B: LNPs prepared by ionizable lipid
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BT LNP (0 a4, B ai A 2 800 T8 97 il
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LNP B Al b % I BH & 7 M8 5 1 SR 36 HL 4 4, mT sl oxt
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Table 1 Clinical trials of pulmonary mRNA delivery drugs

il 1 (O R 5, 28 /K R 5 5% 7K 1 3k 30 ik ok e
TEREWS, LNP 17 T 52 ) it (N R 51)). BN R 5
LNPs JI5 J5z 3k 38 25 14 35 W] DL SE [) A [3] 14 1l 48 i 30 3
W Ah, B 9 T I B T 2E 2 4 A 1) il S LNPs 7 2
R R BT, (AR ) B A% B AR A R M AT e S5 LNP 2
JE A O, H A BRI LE ML AT 75 3k — P .

S 5540 LNPs 33 K 32 A2, DA T iH AN [F) 5
B0 I R 4H 3 5 AE AR AN B A5 52, (RIS A A0 35048 A
REAR 17 1 5 1A A 5408 A D T A5 FR o 55 I PR % 4k, n
e v 28500 106 LA B v AR P9 A L R0 1) LNPs-RNA & 4t
JE—IE M . Lokugamage 5“9 & 7 — R T #% 1Y
TAEREAR, X Bl A S 6 LNPs BT 2 47 1% J5 75 74
W REAT B VR AL, 32 & T % A LNPs-mRNA 254 1) i
R, A N T £ 1) LNPs-mRNA 33 3% 4535
3.2 BAEVMMKRER

F T3 3% mRNA ¥ 58 & P 90 K UKL K 2 | BH &
TRAEVHB . REWHKTR BT HEBIERS
mRNA JE 552 4540, B 20 i 48 5505 R 53 1 i 47 3L
JR7 TSR A TR P P9 AR 1 3™ AH AT LNP, R A
VIR SR 285 1 157 B, AB M 25 5, B2 AR ™%
SR, FLA o RO R e e B A IR, SR P 40 oK kL
A7 7E P 2 7 5 B0 s 40 A 2 M R R R e PP 4
TR AL AT ERIFRH B T AW i i G R (1 R B, B I
S 60 45 5 1A P 0 3 126 A P A S LRI ST 1)

I H PEG #EAT 181 & — Fh B A% 85 PR T 18 i fe e
PR RHORES . BN, Ke 2075 H PEG (&1 40 5 &
VI oK UKL, 7 1% SRR T ¥ B PEG L2, DL BT il 2
FL A 12 e J2 SR At T 1, S 7 I 3 i L L o S R B %
Elid 3 €S

REMEA Z IR, QL FG Y R R S
T2 1), DU T A R F 45 0 LU T R A e v 2 A
16 mRNA 55 1k, 33 3% 25 %6 (1) 3 22 S5m0, FE X T 26 1
REW, BIXUWREWINE KERGThREH], v 2%
T i 5 L T i s B, A, BB ST LR A IR T
(1953 FJo0 & 0 AT, B IR SO RS, AT IR 4 T B SR 1,
TE A S b e I TE 4 (AR e 1% . 491l 4, Patel 250
#3210 PBAE 5461 PBAE M b, & B % 1t PBAE
e HRAE 25 4k HiT J5 B B8 AR IR AR FMIK 2 /rE, ml i@
BN 1 75 20K mRNA A 25068 3% 2 il b Rz 40 .

Drug name Target protein

Disease Stage NCT number

MRT-5005 Cystic fibrosis transmembrane conductance regulator  Cystic fibrosis

VX-522

ARCT-032 Cystic fibrosis transmembrane conductance regulator ~ Cystic fibrosis

RCT-1100 DNAII

Cystic fibrosis transmembrane conductance regulator  Cystic fibrosis

Ciliary motility disorders Phase | (recruiting)

Phase 2 (completed) NCT03375047
Phase 1/2 (active, not recruiting) NCT05668741
NCTO05712538
NCTO05737485

Phase 1 (recruiting)
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Figure 4 Biogenic mechanism of exosomes. Adapted from Ref.
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3.4 FEHEERK  QiuSE!HI A T RLILLNN FR I vE M A
B PHE 1 2 Ik——KL4 ik, F T/ T#L RNA (siRNA)
) fil 30 33 3% . DN B R KIL4 K U AR TR O A L Ak 0 0%
mRNA, fh 4114 KL4 55 PEG 3t 4 45 & US55 K 1,
JF R I N B PEG,,KL4 F T mRNA Jifi 3 12 261,
Xu M — B4R T PEG 85 K JE 4 PEG 4L A & 1 lik
1% 1% mRNA 2 fiti (1) 52w, W Fe R B, — % K JE PEG B
A 525 B = mRNA il Je i e, (Hid K1Y PEG B 2= [%
I mRNA i G222, IF H IR AR .

342 BEEHERD BREAEAOE -HS5EEK
RNA (ribosomal RNA, rRNA) &4 & B B A IR 14 55 H,
HA SR SR, FIRERS SO AR 3,
Zhang Z5E"VIGUE T A% B R B 1 FH 0 3 0% 0% mRNA
(PIPTAT PEFI R, P T A% M A B 1 - 0 R B T
mMMP13 Z 5 Y7E N, W) EEKFI PEG 14 £ b4t i A
KR FAEANIGOR R, Hoh, B R 1 I B AR b
B pH AU, AT {23 mRNA ) A k% . BF 50 &
N, NG G Re I R SR B R 5 T 1/ R £F 44k
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343 AKX GuanZE'"2HFR T — RHIH 3N IhEE
F BUL I A Ok : S K SR 4 e 3, B TS0
TV IR AR A 5 e 3 R 4 T B B sk, T
.5 mRNA F£ A5 R AR BRI ; 5 H s 1 B
B . 3X K 5 mRNA & VD G B A TR =0
AR o T30 B 10 3 58 1 5 e vl R M 1
PR, A RO AT F RS 1, B R IR R R 3R 3K,
A 2 4 R T 4T 4 Ak /N BRI mRNA 259 (138632 .
4 REERDZE

I AR AATHE mRNA 211 5 mRNA 12815 4k -
AR T AR5, mRNA B &R A, £
FH SRR 1 G B HE R 5 R 19 mRINA & 5E 14 R0 41 B 45
RPN R I & R R G R AR
mRNA fili 35 1% 68 17, 751697 RE R MMl £F 4E 4 o K il
TSI B P2 A AR R L L N R A, (B AT —
S o 5 PR A 5 I PR A O i Z S AN R L 21 T i
5 1100 B 1) T B, R ONAIF FE K RORE 5 4 PN 2R 1 5 A
AR F 43 F LA )T T 5025 2R A 78 Ak P ) $EL )
1705 @ 745 1E By 4 56 A I3 28 11 SR 4 RS S 1
#2027, 3) PEG ¥ 5 7= 4F PEG 4% 7 1t Hi 44 I Bt PEG 1k
2 I IS R B 5 | B R Y @) R e PR, X
ISR =" © LRV R IE A R R AR AR PR A
fer, LR = VR TR) 22 S 1 4 o1 R0 B R HEY ©) TR
e R 0 e s R R LS R 0 SR AR A B
25 B ATAE R, (D Ak P RIE T TR A 1) SE 58 Bh P 1)
I 8 2 ) R A AR 55 N RN 58 A R, A 6 BEAE I IR
RIS BTEFEIE AN R KRBT Bl — DI A .

VFZ WA ETEL T 7] AT AR 0SS 0, JH IR
THE B RCR, @ A AR U R T LNP 7R 4
i B AE AL AU G A R 4 B (AL B T R
U Rl b HE), WTIRIF K R ST K, S B G5 A AT A
WA TR 41 AT A2 TR 49 K B2 (cell-derived nanovesicles,
CNV), #2728, B T AP AR Ak, T4
AR R R 7 mRNA 259 1) Fa e v fn 2B e
JRCR FR AT A7 SR8 AR A Bl 35 5 22 AT 70 (R 2R N R 2K
AR — B9 B, mRNA W7 — & S 7E DA
I 8 9 A0 i B H K S T

EZ TTRk: MRFUL 6N 5T S B B gs i Tk ol i %
ZEE NN TS TR T T A B AR 7 SRR B R L = T
T A7 5T 0L SCEEANE R R B SC KT KRR AR TR T .
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