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Abstract: Small nucleolar RNAs (snoRNAs) are non-coding RNAs in the nucleolus and are mainly
responsible for the 2’-O-methylation and pseudouridine modification of rRNA. snoRNAs regulate various
biological processes, such as tRNA modification, spliceosome snRNA modification, maintenance of the
telomere structure, and alternative splicing of mRNA. Aberrant expression of snoRNA is related to cancer
progression, and it may become a new target for cancer treatment. snoRNAs are stable and easy to detect in
body fluids, so they can be used as a biomarker for clinical diagnosis and prognostic. This article reviews
the biogenesis, classification, structure, and function of snoRNAs and introduces their potential role in the
occurrence and development of hepatocellular carcinoma.
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snoRNAs are mainly located in introns, which are removed after
mRNA splicing, resulting in a lariat containing snoRNAs. The
lariat is then catalyzed by RNA lariat debranching enzyme (Dbrl),
which specifically hydrolyzes the 2'-5" phosphodiester bond in the
intron, thereby transforming the lariat into a linear molecule. Finally,
exonucleases release mature snoRNAs.
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Figure 1 Biosynthesis of snoRNAs"' (This image was
created by Figdraw)
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A: affecting ribosome function; B:
regulating P53 protein; C: adjusting
the signal pathway; D: other control
methods. Me: 2'-O-methylation; ¥:
pseudouridylation; P: phosphorylation; Ub:
ubiquitination; Ac: acetylation.

E3  snoRNAs7ERFfE S HI1E AHLEI
Figure 3 Mechanism of action of

snoRNAs in liver cancer



AYBBRG 38132024 F 55514555488 Cancer Res Prev Treat,2024,Vol.51,No.4 « 287

SNORA23 11k i I T 254141 . SNORA23:t
Fik BEMH T Huh7HISMMC 7721 W5 R4 it 2 14
WagE . IR FIEZE, MFRIIAHZ . SNORA23[1FR
KZPIBK/AKT/mTORKJEYE, Al B ANF 4 5
28SIRNA B #4545, WIRC450610 L 12/-0-H JtAk
TR A kAl # . eAh, SNORA23iA
AT LU P mTORGHE #% T e 51 4 % [H F-4EZ
44 M1 (4E binding protein 1, 4EBP1) MRk
PHIPI3K/AKT/mTORE AR, H5 A% 2= A PhA]
YER, WA MG, 670N B 40 MRS A e 45
T A58 T R AR R A BTR CR Y (B AE S —
WEgE R, il TCGARMHR XS b &3, HIE
WAL, SNORA237EHCCH FifH. 7EHepG2
FTHuh-77% F -9 40 M 2 P A FR SNORA23 J5 B AIG
T YNNG S, VAR R AT A AE . it
Ab, TEISNORA23HAIL T Wnt3afllB-catenin ik
KA, TR A Wnt/B-catenin{F 53 i, WEH] 1
SNORA23;ii 32 1545 Wnt/B-cateninid & /& 2 21 ffd
B

SNORA18L5 ( H/ACA box 18-like 5) 7ZEHCC
R BURAME, SNORA1SLS5T 3357 i 25 {1t #F
18STRNAFI28SIRNA R 2, I A WA i £ ) %
A, TS T R 2 FIRPLS FMIRPL 1Y &
B, HGEN T, Joik 5SMDM245 & Il
g, SFEMDM2A R pS3E KR,
i fEdEHCCHE R,
3.2 WpS3EN

pS31E Ry —Fh E S B 0 R T, 7ER RS
J AT LA 9 200 B %) 240 B SR B RV . A LR T A %
SRR, SR A e R, pS3
Al HEAE A VR#EFBL, MM PP RNAF L&,
SR A % A LA mRN AR R S 2", ps3
TR TP IIRE R, R IR B E I Z—
—LEsnoRNASTE 1 pS5 318 % Hh A #4 B SEAE ]

TEHCCHAMNMEH, SNORA42(YFRIKHH T
T IERE AL AN, HSNORA42HIFRIE S
HCCHREM TG A R, MILSNORA42)5, &
M T SK-Hep 1 FTHCCLMO W 1 98 20 il 2 (1)
YRR, T AN RS AR R, (R AN
P, T FRIKSNORAL2M P A A I Y45 SR, 1568
SNORA427EHCCH R HUR/E A . BiILSNORA42
(A4 M 2R 5 0 BRZEL AR L, A 22 59 2R 8 1 5L DR A 4
JL R A Fp 5355l i h s 4L . JF H., SNORD42
T AR I B4 988 40 28 PR TP S 3 Flp2 1 36 ik /K - B i
A, Tiiad #6 ik SNORA42 (A ZE S5 > M, 1

SNORA423 11411 il pS 3475 5 B A F HCClk g™,

SNORD 177 Z Filt A 2 Jif 8 v ke 598 75
FEJF 9 SNORD 171 ik, K #iBESNORD17
M HepG24H il ( HepG2-KO ) FIxf 84 ( HepG2-
WT) BN, HepG2-KO W3 AL T 57
JHgeE B R AR B B i, A SNORDI 742 1 T {4
PR R 4 A A RS . X LU R BR SNORD 75 22
FRIBIEN G K, p53M5 T i@ % 5SNORD17
()35 A%, SNORD17H 5MYB%E 47 [
1A (MYB binding protein 1A, MYBBP1A ) Fli%#
1 (Nucleophosmin 1, NPM1 ) Z54, FEEmFp
EAEETERZA Y, fEHONERUE s B4,
T TNPMI/MDM2I 254, e #EMDM2%f
pPS3MIREFEVERT, DAL TMYBBP1A/p3004-F
(RIpS3ELIET". 1eAh, 7ESNORDITIHIE 81 X,
AFTEPS3M A G AL, p3004rFH)p53 ZMEfk ]
DLt Sk 454 SNORD I TR 8 1, #HISNORD17
BTk, MpS3H /> X5k T SNORD17 /)%
ik, SNORDI17F1p53 22 [a] (4 33 FfoAH EL R 15 B 1 1
— MR R A R TR ) IE R R R
3.3 ESE

— S SAMEN A . AN . AR T RS
238 %% L Wnt/p-catenin, PI3K/Akt, MAPK/ERK
SEAEHCCH U F S, RIEMBIER™. F£
snoRNAs A DL ixf 15 2 8% (] 4 8 25 05 538 4 52 M)
Ji e A I

SNORDI1261f ik T AKT ., GSK-3pA
p70SO6K MR K-, I Thm 1 L EF 420 e A
KR F3Z1k2 ( fibroblast growth factor receptor 2,
FGFR2 ) #y#i5™!, FGFR2W] I TEPI3K-AKT
MWEEEY S g5 &L, SNORDI26: g 454
hnRNPKEF, ARG 5EFFGFR2IGA ST 1, 2
HEHAE S BOEPBK-AKTE I, & FESUEIER™,
BT 4 %7 ( Hepatitis C virus, HCV ) &g &
HCCK B 25N Z —, SNORDI1263d £ ik ¢
HETHCVIEYY, bR W AH 5z, HOAT e o BT
PI3K-AKTi# I, Whn'E% &% N (claudin-1,
CLDN1 ) ik, {E#HFHCVHEATLE F 4012,

fEHuh7 40 g Wi £ 359K )LsnoRNA ACA11
9 T p-PI3KFIp-AKT . cyclinD1 L) % [a] &
WREM L EE T (fibronectin) . N-45%5FE
( N-cadherin ) . WIEEH (vimentin) , 1M F
WT FEiREY (claudin-1) , FEPI3KIN KI5
LY2940024b # 4 2K ACA 11 Y Huh 741}l )5, &
ERRAK T p-PI3KFIp-AKTHI K-, FE30H T a4



* 288 ¢

ADBBLG 38372024 F 55514555488 Cancer Res Prev Treat,2024,Vol.51,No.4

MofsEsE . TR AR ZE, KTACATLME L FG
PI3K/AKTi# A dEan A & | TRz 28, o
M hneyclinD13K35, HSEMT?, SNORD76
FEHCCH BB FiH, @i f)5 vl B & B IKHuh 7 40
Jitg FpB-catenin, c-MycAHlcyclinD1 [ FiAKF, i
FRN A, FEWISNORDT76H] DL ) 1% Wnt/
B-catenin{ S %, {EHFHCCRIBURIE, HAb,
snoU2- 1941 A L% Wnt/B-cateninfF 51 #% {2 i
HCCHifE, ikl ana a0,

SNORDI13-1 LA MEVER , fEHCCH £k
BETHE, IFSRENREEFREEME. 7
SNORD 13- 15K 1Y )5 3l X3 i Cp G F B AL 7E
HCCIE 0 2 i T 05 2041, SNORDI113-13
1 MAPK/ERK FITGF-B{5 53 i - ERK 1/2F1
SMAD2/3f{ iR Ak 1fii & F#EAE . SNORDS0A/B
W H BN ELAG PR T RE 7 R A0 2
&, HEUR SR B A AR . BFSE
K, SNORDSOA/BEtZL )G, fHiK-Rasr) i P
fn, AT i Ras-ERK 1/ERK 244 FE# TS, Je Xk
PLSNORDS0A/B3 i3 5 K-RasZh 4 40 il Hd 1
KA,
3.4 HAREEE

ID2 (inhibitor of DNA Binding 2 ) #J DL if
) 78 5 R 1~ 5 DN LA I 23545 33 55 00 200 i 2 K Fn 4
b, BT & B, ID2A] LIfE SEHCCAN el s . 3
AT . 572 7B%H . IncRNA-LALR1A]
DIRG9 EJESNORDT2, S M AZ A 1)
W, T Eid FIRID23F2 2 1D2 mRNA,
i 3 iy A= 4 {2 285, SNORDS27E JiF 4 21 41
hR S, FEEBEETREDIME. TXNTH
mRNAREf#174% ( nonsense-mediated mRNA decay,
NMD ) E—FIRNAYTALE, FE9IR50 I i
TR e A P A AT 2R %S 1 ( premature
termination codon, PTC ) FmRNA, Upfl (Up
frameshift proteinl ) /- SNMD, nJ¥ HIAZEE S
PTCHYmMRNA I, MG > e shF Xk
H AL S8 UpfL R, il TNMDUEE, A
AER AN SNORDS2, F{#iSNORDS2:H #ik,
SNORD525CDKI1 ( cyclin dependent kinase 1) %%
G REAK T CDK 12 Z AL RN [ BB f, 34 m T
BRR ALK, BA3R T CDK 18R 17K F K R ok
AT A A0 20 40, e AR O R ) & A P
WA #53snoRNASTEHCCHR A fE R A 2 5%, Horp
SNORD78. SNORDI105Z7EHCCH %35 [,
SNORA31., SNORA52, SNORA71Z7EHCCH

FIK NI, (HHATHAE R A e L A B
i, IR

4 BESRE

il 7 5 3 e I R R R R, Bk 2 (Y E
FEUESE T snoRNASTERE H 1Y 22 J 3Rk, JF il
i) Z R AR R R R . % T U A T
e, A IERB PRSI E], IR B2
FIFIE A5 ) SR 7 AR A

HH, 4 ZFhsnoRNAsE 8% & B Al DLJE
i P HE R, H AR ML AN B i 75 2 0 — 2545
Ko FEE X snoRNASIIFFEARWITRA, FRATXSH
7 B b Sh BE FNAIL ] A0 BR A LB AT IR . RSk
A5 AT — 204K T snoRNAs BT i /E AL, IF
FER A HIGTT FEmG, A e ) T e T B it
B SR B T

FEMRERR:

A B AT AE M 43 58

SE K :

[1] Weinberg RA, Penman S. Small molecular weight monodisperse
nuclear RNA[J]. J molecular biology, 1968, 38(3): 289-304.

[2] Ojha S, Malla S, Lyons SM. snoRNPs: functions in ribosome
biogenesis[J]. Biomolecules, 2020, 10(5): 783.

[3] Romano G, Veneziano D, Acunzo M, et al. Small non-coding RNA
and cancer[J]. Carcinogenesis, 2017, 38(5): 485-491.

[4] Kiss T, Fayet-Lebaron E, Jady BE. Box H/ACA small
ribonucleoproteins[J]. Molecular cell, 2010, 37(5): 597-606.

[5] Zhang M, Li K, Bai J, et al. A snoRNA—tRNA modification
network governs codon-biased cellular states[J]. Proceedings of
the National Academy of Sciences, 2023, 120(41): €2312126120.

[6] Lestrade L, Weber MJ. snoRNA-LBME-db, a comprehensive
database of human H/ACA and C/D box snoRNAs[J]. Nucleic
acids research, 2006, 34(suppl_1): D158-D162.

[7] Coley AB, Stahly AN, Kasukurthi MV, et al. MicroRNA-like
snoRNA-Derived RNAs (sdRNAs) promote castration-resistant
prostate cancer[J]. Cells, 2022, 11(8): 1302.

[8] Challakkara MF, Chhabra R. snoRNAs in hematopoiesis and blood
malignancies: A comprehensive review[J]. J Cell Physiol, 2023,
238(6): 1207-1225.

[9] Antal M, Boros E, Solymosy F, ef al. Analysis of the structure
of human telomerase RNA in vivo[J]. Nucleic Acids Res, 2002,
30(4): 912-920.

[10] Falaleeva M, Surface J, Shen M, et al. SNORD116 and
SNORD115 change expression of multiple genes and modify each
other’s activity[J]. Gene, 2015, 572(2): 266-273.

[11] Gong X, Chi H, Strohmer DF, et al. Exosomes: A potential tool for

immunotherapy of ovarian cancer[J]. Front Immunol, 2023, 13:



AYBBRG 38132024 F 55514555488 Cancer Res Prev Treat,2024,Vol.51,No.4

* 289 -

1089410.

[12] Baral D, Wu L, Katwal G, et al. Clinical significance and
biological roles of small nucleolar RNAs in hepatocellular
carcinoma[J]. Biomed Rep, 2018, 8(4): 319-324.

[13] McMahon M, Contreras A, Holm M, et al. A single H/ACA small
nucleolar RNA mediates tumor suppression downstream of
oncogenic RAS[J]. Elife, 2019, 8: ¢48847.

[14] Liu XL, Ding J, Meng LH. Oncogene-induced senescence: a
double edged sword in cancer[J]. Acta Pharmacol Sin, 2018,
39(10): 1553-1558.

[15] Liu Z, Pang Y, Jia Y, et al. SNORA23 inhibits HCC tumorigenesis
by impairing the 2'-O-ribose methylation level of 28S rRNA[J].
Cancer Biol Med, 2022, 19(1): 104-119.

[16] Qiao S, Zhang X, Wu Z, et al. snoRNA23 enhances the progression
of hepatocellular carcinoma via regulation of the Wnt/B-catenin
pathway[J]. Cell Mol Biol (Noisy-le-grand), 2021, 67(2): 155-160.

[17]Cao P, Yang A, Wang R, et al. Germline duplication of
SNORAI18L5 increases risk for HBV-related hepatocellular
carcinoma by altering localization of ribosomal proteins and
decreasing levels of p53[J]. Gastroenterology, 2018, 155(2):
542-556.

[18] Joerger AC, Fersht AR. The p53 pathway: origins, inactivation
in cancer, and emerging therapeutic approaches[J]. Annu Rev
Biochem, 2016, 85: 375-404.

[19] Marcel V, Ghayad SE, Belin S, ef al. p53 acts as a safeguard
of translational control by regulating fibrillarin and rRNA
methylation in cancer[J]. Cancer Cell, 2013, 24(3): 318-330.

[20] Wang G, Li J, Yao Y, et al. Small nucleolar RNA 42 promotes the
growth of hepatocellular carcinoma through the p53 signaling
pathway[J]. Cell Death Discov, 2021, 7(1): 347.

[21] Liang J, Li G, Liao J, et al. Non-coding small nucleolar RNA
SNORD17 promotes the progression of hepatocellular carcinoma
through a positive feedback loop upon p53 inactivation[J]. Cell
Death Differ, 2022, 29(5): 988-1003.

[22] Dimri M, Satyanarayana A. Molecular signaling pathways and
therapeutic targets in hepatocellular carcinoma[J]. Cancers (Basel),
2020, 12(2): 491.

[23] Fang X, Yang D, Luo H, et a/. SNORD126 promotes HCC and
CRC cell growth by activating the PI3K—AKT pathway through
FGFR2[J]. J Mol Cell Biol, 2017, 9(3): 243-255.

[24] Dufour C, Guenou H, Kaabeche K, er a/. FGFR2-Cbl interaction
in lipid rafts triggers attenuation of PI3K/Akt signaling and
osteoblast survival[J]. Bone, 2008, 42(6): 1032-1039.

[25] Xu W, Wu Y, Fang X, et al. SnoRD126 promotes the proliferation
of hepatocellular carcinoma cells through transcriptional
regulation of FGFR2 activation in combination with hnRNPK[J].
Aging (Albany NY), 2021, 13(9): 13300-13317.

[26] Qian X, Xu C, Wu B, ef al. SNORD126 promotes hepatitis C virus
infection by upregulating claudin-1 via activation of PI3K-AKT
signaling pathway[J]. Front Microbiol, 2020, 11: 565590.

[27] Wu L, Zheng J, Chen P, et al. Small nucleolar RNA ACA11
promotes proliferation, migration and invasion in hepatocellular
carcinoma by targeting the PI3K/AKT signaling pathway[J].
Biomed Pharmacother, 2017, 90: 705-712.

[28] Wu L, Chang L, Wang H, ef al. Clinical significance of C/D
box small nucleolar RNA U76 as an oncogene and a prognostic
biomarker in hepatocellular carcinoma[J]. Clin Res Hepatol
Gastroenterol, 2018, 42(1): 82-91.

[29] Wang H, Ma P, Liu P, et al. Small nucleolar RNA U2_19 promotes
hepatocellular carcinoma progression by regulating Wnt/B-catenin
signaling[J]. Biochem Biophys Res Commun, 2018, 500(2):
351-356.

[30] Xu G, Yang F, Ding CL, et al. Small nucleolar RNA 113-1
suppresses tumorigenesis in hepatocellular carcinomalJ]. Mol
Cancer, 2014, 13: 216.

[31] Siprashvili Z, Webster DE, Johnston D, et al. The noncoding RNAs
SNORDS50A and SNORD50B bind K-Ras and are recurrently
deleted in human cancer[J]. Nat Genet, 2016, 48(1): 53-58.

[32] Mao LH, Chen SY, Li XQ, ef al. LncRNA-LALRI upregulates
small nucleolar RNA SNORD72 to promote growth and invasion
of hepatocellular carcinoma[J]. Aging (Albany NY), 2020, 12(5):
4527-4546.

[33] Huth M, Santini L, Galimberti E, et al. NMD is required for timely
cell fate transitions by fine-tuning gene expression and regulating
translation[J]. Genes Dev, 2022, 36(5-6): 348-367.

[34] Li C, Wu L, Liu P, et al. The C/D box small nucleolar RNA
SNORDS2 regulated by Upfl facilitates Hepatocarcinogenesis by
stabilizing CDK1[J]. Theranostics, 2020, 10(20): 9348-9363.

[35] Huang ZH, Du YP, Wen JT, et al. snoRNAs: functions and
mechanisms in biological processes, and roles in tumor
pathophysiology[J]. Cell Death Discov, 2022, 8(1): 259.

[RERXT: R E]
fEE Tk

REE. FELsk A bLBE

it OfE: B

738 # UM R SRR, BB



