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Table 1 miRNA-based drugs in clinical trials
BiL/Ed miRNA & NIE I AR B B
EIRUNME . oA . o BT AN | TR
miR-10b miR-10b BV | (RS o R AN ARIR | (R BUB AN ARZENEA T
JHOR | RS SRR AN AR | s 4

RG-101 miR-122 BE BRI R ARZENER I

Serum MicroRNA-25 miR-25 JiR i ey MR
INT-1B3 miR-193a-3pfR 4 M0 S A I8 0]
AMT-130 A T.miRNA AL J:0]
RGLS4326 miR-17 YL A MR AR 2R B ]
MesomiR 1 miR-16 AGPERRRIR] K296 . Al /N it 21
CDR132L miR-132 015 &1
RG-012/lademirsen/SAR339375 miR-21 BRI BAE 84
Remlarsen/MRG-201 miR-29 JEEREIRIE 1
Miravirsen/SPC3649 miR-122 MR R T
RG-101 miR-122 MEPER AR T
Cobomarsen/MRG-106 miR-155 FOREPIZERD . B AR TANARIPR IR | Pk 1 40 A P g T

IR BN TR . TN 11 s/ ik L0

4 gLk

TEAAERY T DR A Bl e ikl B, miRNARF
FE LAHAR 3 R R TR PR SO e v TR AR R OR, PR T
ZARHTATT. X B, I BRI
B—FkE, ANTEBEADZEMIRNABIE TRy, e
RNAFNEE [ 25 F TR LA R R B 2 > A0, iR i sh 38
MTXTmiRNAA: Y& BN REVR IZ AL A ER A, inseRlaf & 2n
MR, R T B HEHEMIRNADI R S, TN TF T &
T A B BB R RS A HE R R, DLSEIIRT miRNA K
W, i, AT LRI, R S miRNATFSY

P 154 STk

FEBLERARIEE, 9 NEMERERARAL, JF %2
— R AR

AKmiRNABFEA JLA ST A5, /0 EmiR-
NATEREAEIZ W5 07T FP BN, R A o bn 5 i)
71 HUCEmMIRNATEM B AT VB RIFE T, Bl /R it
BRI S AR ARIPTTE. BEAL, miRNATEACHERR ARG
MBS PR, LABGHT B miRNAA: YIRS D T A A
SR, 5, BOEmIRNABBEHOR, K iE— LS imiR-
NATENRP . FA TRy, MR E Rl
B NSRS i A S P A AL A

1 LeeR C, Feinbaum R L, Ambros V. The C. elegans heterochronic gene /in-4 encodes small RNAs with antisense complementarity to /in-14. Cell,

1993, 75: 843-854

2 Wightman B, Ha I, Ruvkun G. Posttranscriptional regulation of the heterochronic gene /in-14 by lin-4 mediates temporal pattern formation in C.

elegans. Cell, 1993, 75: 855-862

3 Reinhart B J, Slack F J, Basson M, et al. The 21-nucleotide /et-7 RNA regulates developmental timing in Caenorhabditis elegans. Nature, 2000,

403: 901-906

4 Pasquinelli A E, Reinhart B J, Slack F, et al. Conservation of the sequence and temporal expression of /et-7 heterochronic regulatory RNA. Nature,

2000, 408: 86-89

5 Lee R C, Ambros V. An Extensive Class of Small RNAs in Caenorhabditis elegans. Science, 2001, 294: 862-864
6 Lagos-Quintana M, Rauhut R, Lendeckel W, et al. Identification of novel genes coding for small expressed RNAs. Science, 2001, 294: 853858

7 LauN C, Lim L P, Weinstein E G, et al. An abundant class of tiny RNAs with probable regulatory roles in Caenorhabditis elegans. Science, 2001,

294: 858-862

8 Reinhart B J, Weinstein E G, Rhoades M W, et al. MicroRNAs in plants. Genes Dev, 2002, 16: 1616-1626

1430


https://doi.org/10.1016/0092-8674(93)90529-Y
https://doi.org/10.1016/0092-8674(93)90530-4
https://doi.org/10.1038/35002607
https://doi.org/10.1038/35040556
https://doi.org/10.1126/science.1065329
https://doi.org/10.1126/science.1064921
https://doi.org/10.1126/science.1065062
https://doi.org/10.1101/gad.1004402

10

12

13

15
16

17
18

19
20
21

22
23

24

25

26
27
28

29
30
31
32
33

34

Llave C, Xie Z, Kasschau K D, et al. Cleavage of Scarecrow-like mRNA targets directed by a class of Arabidopsis miRNA. Science, 2002, 297:
2053-2056

Park W, Li J, Song R, et al. CARPEL FACTORY, a dicer homolog, and HEN1, a novel protein, act in microRNA metabolism in Arabidopsis
thaliana. Curr Biol, 2002, 12: 14841495

Griffiths-Jones S, Grocock R J, van Dongen S, et al. miRBase: microRNA sequences, targets and gene nomenclature. Nucleic Acids Res, 2006, 34:
D140-D144

Landgraf P, Rusu M, Sheridan R, et al. A mammalian microRNA expression atlas based on small RNA library sequencing. Cell, 2007, 129: 1401—
1414

Fahlgren N, Howell M D, Kasschau K D, et al. High-throughput sequencing of Arabidopsis microRNAs: evidence for frequent birth and death of
MIRNA genes. PLoS One, 2007, 2: €219

Yu Y, Zhang Y, Chen X, et al. Plant noncoding RNAs: hidden players in development and stress responses. Annu Rev Cell Dev Biol, 2019, 35:
407431

Lee Y, Jeon K, Lee J T, et al. MicroRNA maturation: stepwise processing and subcellular localization. EMBO J, 2002, 21: 4663—4670

YiR, Qin Y, Macara I G, et al. Exportin-5 mediates the nuclear export of pre-microRNAs and short hairpin RNAs. Genes Dev, 2003, 17: 3011—
3016

MacRae I J, Doudna J A. Ribonuclease revisited: structural insights into ribonuclease III family enzymes. Curr Opin Struct Biol, 2007, 17: 138-145
Diederichs S, Haber D A. Dual role for argonautes in microRNA processing and posttranscriptional regulation of microRNA expression. Cell,
2007, 131: 1097-1108

Wang J, Mei J, Ren G. Plant microRNAs: biogenesis, homeostasis, and degradation. Front Plant Sci, 2019, 10: 360

Chen X. A microRNA as a translational repressor of APETALA?2 in Arabidopsis flower development. Science, 2004, 303: 2022-2025

Kurihara Y, Watanabe Y. Arabidopsis micro-RNA biogenesis through Dicer-like 1 protein functions. Proc Natl Acad Sci USA, 2004, 101: 12753—
12758

Lagos-Quintana M, Rauhut R, Yalcin A, et al. Identification of tissue-specific microRNAs from mouse. Curr Biol, 2002, 12: 735-739

Yang Z, Ebright Y W, Yu B, et al. HEN1 recognizes 21-24 nt small RNA duplexes and deposits a methyl group onto the 2’ OH of the 3’ terminal
nucleotide. Nucleic Acids Res, 2006, 34: 667-675

Zeng Y, Wagner E J, Cullen B R. Both natural and designed micro RNAs can inhibit the expression of cognate mRNAs when expressed in human
cells. Mol Cell, 2002, 9: 1327-1333

Zeng Y, Yi R, Cullen B R. MicroRNAs and small interfering RNAs can inhibit mRNA expression by similar mechanisms. Proc Natl Acad Sci
USA, 2003, 100: 9779-9784

Jonas S, Izaurralde E. Towards a molecular understanding of microRNA-mediated gene silencing. Nat Rev Genet, 2015, 16: 421-433

Iwakawa H, Tomari Y. Life of RISC: formation, action, and degradation of RNA-induced silencing complex. Mol Cell, 2022, 82: 3043
German M A, Pillay M, Jeong D H, et al. Global identification of microRNA—target RNA pairs by parallel analysis of RNA ends. Nat Biotechnol,
2008, 26: 941-946

Seyhan A A. Trials and tribulations of microRNA therapeutics. Int J Mol Sci, 2024, 25: 1469

No authors listed. What will it take to get miRNA therapies to market? Nat Biotechnol, 2024, 42: 1623-1624

Forterre A, Komuro H, Aminova S, et al. A comprehensive review of cancer microRNA therapeutic delivery strategies. Cancers, 2020, 12: 1852
Jiao Y, Wang Y, Xue D, et al. Regulation of OsSPLI4 by OsmiR156 defines ideal plant architecture in rice. Nat Genet, 2010, 42: 541-544
NiuQ W, Lin S S, Reyes J L, et al. Expression of artificial microRNAs in transgenic Arabidopsis thaliana confers virus resistance. Nat Biotechnol,
2006, 24: 1420-1428

Schwab R, Ossowski S, Riester M, et al. Highly specific gene silencing by artificial microRNAs in Arabidopsis. Plant Cell, 2006, 18: 1121-1133

1431


https://doi.org/10.1126/science.1076311
https://doi.org/10.1016/S0960-9822(02)01017-5
https://doi.org/10.1093/nar/gkj112
https://doi.org/10.1016/j.cell.2007.04.040
https://doi.org/10.1371/journal.pone.0000219
https://doi.org/10.1146/annurev-cellbio-100818-125218
https://doi.org/10.1093/emboj/cdf476
https://doi.org/10.1101/gad.1158803
https://doi.org/10.1016/j.sbi.2006.12.002
https://doi.org/10.1016/j.cell.2007.10.032
https://doi.org/10.3389/fpls.2019.00360
https://doi.org/10.1126/science.1088060
https://doi.org/10.1073/pnas.0403115101
https://doi.org/10.1016/S0960-9822(02)00809-6
https://doi.org/10.1093/nar/gkj474
https://doi.org/10.1016/S1097-2765(02)00541-5
https://doi.org/10.1073/pnas.1630797100
https://doi.org/10.1073/pnas.1630797100
https://doi.org/10.1038/nrg3965
https://doi.org/10.1016/j.molcel.2021.11.026
https://doi.org/10.1038/nbt1417
https://doi.org/10.3390/ijms25031469
https://doi.org/10.1038/s41587-024-02480-0
https://doi.org/10.3390/cancers12071852
https://doi.org/10.1038/ng.591
https://doi.org/10.1038/nbt1255
https://doi.org/10.1105/tpc.105.039834

M4 F b B 2025548 F70%E L10H

Summary for “miRNA: JFJi5 5 K RIK R 4070202448 JEi# DR A B 22 B R 24 027

miRNA: starting a new era of understanding gene expression
regulation—an introduction of the 2024 Nobel Prize in
Physiology or Medicine

Yiran Wang, Yu Yu & Xuemei Chen"

School of Life Sciences, Peking University, Beijing 100871, China
* Corresponding author, E-mail: xuemei.chen@pku.edu.cn

The 2024 Nobel Prize in Physiology or Medicine was awarded to American scientists Victor Ambros and Gary Ruvkun for
their groundbreaking discovery of microRNAs (miRNAs) and their pivotal role in post-transcriptional gene regulation.
Gene expression regulation is essential for cell fate determination and cellular activities within organisms, ensuring the
maintenance of normal physiological functions and adaptability to environmental changes. miRNAs are a class of non-
coding small RNAs that precisely regulate target gene expression through sequence complementarity, playing pivotal roles
in development, immune responses, and disease progression.

The journey of miRNA discovery began in 1993 when Victor Ambros identified the first miRNA, lin-4, in the model
organism Caenorhabditis elegans. Meanwhile, Gary Ruvkun’s laboratory localized the target sequence recognized by lin-4
to the 3’ untranslated region (3'-UTR) of the /in-14 mRNA. In 2000, Gary Ruvkun identified the second miRNA, let-7, a
conserved miRNA across animal species. This discovery highlighted the universal regulatory role of these short RNAs and
further advanced the field of miRNA research. By 2001, multiple miRNAs were identified in diverse organisms, leading to
the formal introduction of the term “microRNA”. The field expanded rapidly with the advent of high-throughput
sequencing technologies, resulting in the identification of numerous miRNAs across various species.

miRNAs are endogenous non-coding small RNAs, typically 20-24 nucleotides long, that play key roles in gene
expression regulation. Their biogenesis involves several finely regulated steps. In animals, primary miRNA transcripts
(pri-miRNAs) are processed in the nucleus by the RNase III enzyme Drosha into precursor miRNAs (pre-miRNAs), which
are then exported to the cytoplasm and further processed by Dicer into mature miRNA:miRNA* duplexes. One strand
within the duplex is incorporated into the RNA-induced silencing complex (RISC), and guides the RISC to target mRNAs
for degradation or translational inhibition. In contrast, in plants, the processing of pri-miRNAs into mature duplexes and
the assembly of RISC both take place within the nucleus, after which the RISC is exported to the cytoplasm.

The mechanism of miRNA action differs between animals and plants. In animals, miRNAs recognize target mRNAs via
their seed region (the 2nd to 8th nucleotides from the 5’ end) and are thought to predominantly bind to the 3-UTR of target
mRNAs, thereby inhibiting translation or promoting mRNA degradation. In contrast, plant miRNAs exhibit near-perfect
complementarity to target mRNAs, leading to mRNA cleavage and translation inhibition.

The discovery of miRNAs has revolutionized our understanding of gene expression regulation. This breakthrough earned
Victor Ambros and Gary Ruvkun the Nobel Prize. Their research uncovered a novel layer of gene regulation that occurs at
the RNA level in the central dogma of molecular biology. The significance of miRNAs extends beyond basic research into
clinical and agricultural applications. Numerous miRNA-based therapeutics are currently under development; however, the
progress of miRNA therapeutics faces numerous challenges. In agriculture, miRNAs are being utilized to improve crop
traits, such as developing high-yield, disease-resistant rice varieties.

The recognition of miRNA research by the Nobel Prize underscores its transformative impact on the field of gene
expression regulation. Future research will likely focus on leveraging miRNAs in clinical and agricultural settings, further
realizing their potential to benefit human health and agriculture.

miRNA, gene expression regulation, non-coding RNAs, RISC, dicer
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