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Abstract

Small nucleolar RNAs (snoRNAs) represent a class of non-coding RNAs that play
pivotal roles in post-transcriptional RNA processing and modification, thereby
contributing significantly to the maintenance of cellular functions related to
protein synthesis. SnoRNAs have been discovered to possess the ability to
influence cell fate and alter disease progression, holding immense potential in
controlling human diseases. It is suggested that the dysregulation of snoRNAs in
cancer exhibits differential expression across various cancer types, stages,
metastasis, treatment response and/or prognosis in patients. On the other hand,
colorectal cancer (CRC), a prevalent malignancy of the digestive system, is charac-
terized by high incidence and mortality rates, ranking as the third most common
cancer type. Recent research indicates that snoRNA dysregulation is associated
with CRC, as snoRNA expression significantly differs between normal and
cancerous conditions. Consequently, assessing snoRNA expression level and
function holds promise for the prognosis and diagnosis of CRC. Nevertheless,
current comprehension of the potential roles of snoRNAs in CRC remains limited.
This review offers a comprehensive survey of the aberrant regulation of snoRNAs
in CRC, providing valuable insights into the discovery of novel biomarkers,
therapeutic targets, and potential tools for the diagnosis and treatment of CRC
and furnishing critical cues for advancing research into CRC and the judicious
selection of therapeutic targets.
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Core Tip: Small nucleolar RNAs (snoRNAs) play vital roles in post-transcriptional RNA processing, influencing the cell fate
and diverse disease progression. Dysregulated snoRNAs in various cancers, including colorectal cancer (CRC), show
promise for improving prognosis and diagnosis. Despite this potential, understanding of snoRNAs’ roles in CRC remains
limited, warranting further research into their precise functions.
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INTRODUCTION

For many years, small nucleolar RNAs (snoRNAs) have been considered one of the prime examples of non-coding RNAs
(ncRNAs). They are small RNA molecules, typically consisting of 60 to 300 nucleotides, primarily located within the
nucleolus of the cell[1,2]. The discovery of snoRNAs traces back to the late 1960s when researchers identified a group of
distinct low-molecular-weight RNAs in the nucleoplasm and nucleolus of HeLa cells, in length ranging from 100 to 180
base pairs[3]. However, due to technological limitations of the time, the exact nature and precise locations of these small
RNAs remained largely unknown. It wasn’t until 1976 that scientists first identified a unique RNA in the cell nucleus,
later named snoRNA U3[4], sparking further investigations into snoRNAs.

With the continuous development and application of transcription inhibitors and dynamic labeling techniques,
snoRNAs were gradually confirmed to be stable products transcribed by RNA Polymerase II. In the study of mammals,
frogs, and other organisms, researchers progressively unveiled the structural features of snoRNA expression, particularly
variations like U3, revealing their close association with ribosomal RNA (rRNA)[1,5,6]. Then novel strategies and techno-
logies for analyzing snoRNAs emerged from studies of mRNA splicing[7]. Since then, extensive research has illuminated
snoRNA’s primary role in modifying rRNA, which is its pivotal function to guarantee the proper assembly and
functioning of ribosomes, the cellular machinery responsible for protein synthesis. Moreover, snoRNAs play a
fundamental role in upholding cellular functions related to protein synthesis by actively engaging in the post-transcrip-
tional processing and modification of various RNA molecules[8,9].

However, investigations into the potential roles of snoRNAs in cancer began with a study reporting significant
downregulation of snoRNA in meningiomas when compared to normal brain tissue[10]. Recent research has also shown
differential expression of snoRNAs in various cancers, such as breast cancer and non-small cell lung cancer (NSCLC), in
clinical samples and cell lines, indicating their potential diagnostic and prognostic value[11,12]. These findings
underscore the differential expression of snoRNAs in healthy and tumor tissues as well as body fluids, suggesting that
snoRNAs might have a broader role as major gene regulatory factors at both the transcriptional and epigenetic levels[13].
Aberrant snoRNA expression has been identified as a hallmark of tumorigenesis, suggesting that these RNAs play a more
complex and diverse role in cellular gene regulation[14,15]. Furthermore, changes in snoRNA function and expression
levels have been linked to various diseases, particularly cancers[16], highlighting the active and expanding research field
exploring the roles of snoRNAs in disease onset and progression.

Colorectal cancer (CRC) is a global health concern, has emerged as the leading cause of digestive system cancer-related
deaths, ranking third in new cancer cases and cancer-related deaths, posing a significant threat to human health and
quality of life[17,18]. Patients with early-stage CRC often lack noticeable symptoms, with unspecific manifestations such
as constipation, diarrhea, rectal bleeding, abdominal pain, fatigue, and weight loss emerging as the disease progresses
[19]. Unfortunately, these symptoms typically become apparent only in advanced stages, contributing to a dismal 5-year
survival rate of approximately 14% for late-stage CRC patients. Shockingly, around 25% of CRC patients present with
metastasis at the time of diagnosis[20]. Furthermore, roughly 50% of treated patients eventually experience metastasis
during their lifetime[21,22]. The high mortality rate among CRC patients can be attributed primarily to its significant
heterogeneity and proclivity for metastasis. The inherent characteristic poses a significant challenge to early diagnosis
and treatment, because patients with CRC can be effectively cured if detected and treated in its early stages. Hence, early
detection significantly reduces the mortality associated with CRC[23].

Until now, numerous established diagnostic approaches have contributed to the early management of CRC, thus
enhancing patient prognosis. These methodologies encompass screening procedures such as fecal occult blood tests, fecal
immunochemical tests, and fecal DNA testing[24]. Additionally, colonoscopies permit the direct sampling of irregular
tissues or polyps[25]. Furthermore, blood-based biomarkers, such as carcinoembryonic antigen (CEA) and circulating
tumor DNA, have emerged as non-invasive CRC screening techniques, with limitations regarding sensitivity and
specificity[26,27]. Additionally, fecal DNA testing lacks comprehensive validation. Furthermore, concerns of a practical
nature arise, including the risks associated with invasive colonoscopies, substantial financial outlays, and the need for
skilled endoscopists, as well as patient compliance[28]. Hence, the development of innovative and efficient CRC
diagnostic biomarkers holds paramount importance in facilitating early detection and mitigating CRC-related mortality.
Researchers have identified leukocyte immunoglobulin-like receptor B2 (LILRB2) protein as a distinctive marker of CRC
regarding diagnosis and therapeutics, facilitating early screening and precision treatment[29]. It is also shown that the
combined assessment of the methylation status of SEPT9, SDC2, and ALX4 in plasma has the potential to enhance the
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sensitivity of CRC detection[30]. Recent research has shed light on the significant association between snoRNA and CRC,
delving into the potential role of snoRNAs in the onset and progression of CRC[31]. Aberrant expression or function of
snoRNAs may be associated with the development and progression of CRC, which provides new clues for further
research into the pathogenesis and treatment of CRC[2,32]. This article purposed to review the role and mechanisms of
snoRNAs in the progression of CRC and explore their clinical applications in the diagnosis and prognosis of CRC.

DESCRIPTON OF SNORNA

Basic structure and biological function of snoRNA

SnoRNAs are a class of small ncRNAs with lengths ranging from 60 to 300 nucleotides, primarily named due to their
localization within the nucleolus and typically playing a crucial role in the modification, maturation, and stability of
rRNA by forming complexes with small nucleolar ribonucleoproteins (snoRNPs)[1,7]. Similar to other ncRNAs, snoRNAs
lack translation functionality, but what sets them apart is their specific nucleotide sequences and spatial structures[33].
Based on distinct nucleotide motifs and secondary structures, snoRNAs are primarily categorized into C/D box snoRNAs
and H/ACA box snoRNAs[34,35]. C/D box snoRNAs guide the 2’-O-methylation of specific nucleotides in the target
RNA molecule by binding with four core proteins, namely nucleolar protein 56 (NOP56), NOP58, small nuclear ribonuc-
leoprotein 13 (SNU13), and a methyltransferase fibrillarin (FBL)[36,37], while H/ ACA box snoRNAs associated with
conserved proteins glycine arginine-rich protein 1 (GAR1), non-histone chromosome protein 2 (NHP2), NOP10, and
dyskeratosis congenita 1 (DKC1) guide the conversion of specific uridine nucleotides to pseudouridine[38].

C/D box snoRNAs (SNORDs) are typically 60 nt to 90 nt long and consist of two concise sequence elements, the C box
(5’ RUGAUGAZY) situated at the 5" end and the D box (5'CUGA3’) located at the 3’ end. They contain internal structures
similar to the C and D boxes, referred to as box C" and box D’, respectively, with 4-6 nucleotides of reverse comple-
mentary sequences at both ends, forming a single hairpin structure[39]. SNORDs act as recognition sites for specific
proteins such as NOP56, NOP58, SNU13, and FBL. When these proteins directly bind to SNORDs, they form a scaffold-
like structure, enabling interactions with other proteins to execute various biological functions[40]. SNORDs are crucial
for maintaining the structural stability of snoRNAs and their localization within the nucleolus, involving in the splicing
and processing of TRNA precursors[41]. Most SNORDs contain an upstream segment of more than 21 nucleotides in the
C/D box region, referred to as antisense snoRNA[42]. This segment has the ability to bind to target RNA through comple-
mentary base pairing. Antisense snoRNAs act as guide RNAs, directing the methylation of specific 2’-O-hydroxyl
positions on target molecules, thereby facilitating 2’-O ribose methylation modifications at specific sites on rRNA[43].

H/ACA box snoRNAs (SNORAs) range from 120 nt to 140 nt and exhibit a typical secondary structure known as the
“hairpin-hinge-hairpin-tail” structure. The hinge region consists of a single-stranded nucleic acid segment that acts as a
bridge connecting two hairpin structures and both the hinge and tail regions contain conserved sequence elements
known as the H box (5’ ANANNA3’) and ACA box, respectively, with the ACA box usually located at the third
nucleotides upstream from the 3" end[44,45]. Due to the presence of the H box and ACA box, SNORAs can form a double-
hairpin structure, and within the pseudouridine pockets of these hairpins, there exists antisense snoRNA that binds to
specific sites on target molecules[46]. When antisense snoRNA associates with core proteins, such as GAR1, NHP2,
NOP10, and DKC1, it forms a homologous snoRNP complex, guiding the pseudouridylation modification of target RNA
[47]. In essence, the majority of SNORAs guide the pseudouridylation modification of specific sites within eukaryotic
rRNA and snRNA, converting uridine into pseudouridine[48]. It is revealed that mammalian SNORAs share a similar H/
ACA motif with human telomerase RNA, suggesting that H/ ACA-like structural domains may be associated with cell
proliferation[49,50].

Additionally, small Cajal body-associated RNAs (scaRNAs) are more variable in length, representing a specific subset
of snoRNAs[51]. ScaRNAs play critical roles within the Cajal bodies, small membraneless subcompartments in the cell
nucleus, and are involved in regulating the modification of snRNAs and post-transcriptional regulation of RNA.
Structurally, scaRNAs are similar to snoRNAs, and some scaRNAs contain both C/D box and H/ ACA box sequences
[52]. Moreover, it has been identified a connection between dysregulated scaRNAs and the progression of certain cancers,
including CRC. Notably, SCARNA12[53], SCARNA15[54], and SCARNA22[31] have been observed to have increased
expression levels in CRC cell lines and clinical CRC tissue samples. However, there remains a limited understanding of
their specific biological functions and the underlying molecular mechanisms within the context of CRC.

SnoRNAs participate in various biological processes, including the processing of rRNA[55], regulation of RNA splicing
and translation[56], as well as responses to oxidative stress[57]. In essence, these post-transcriptional modifications are
crucial for the production of efficient and accurate ribosomes, to maintain the intricate cellular functions associated with
protein synthesis[58]. Over the past two decades, the understanding of the cellular functions of snoRNAs has significantly
expanded, including the production of other regulatory RNAs involved in the regulation of gene expression (e.g., the
production of piRNAs[59], the production of miRNAs by shearing of snoRNAs[60,61]), the modulation of mRNA
abundance[62], and the regulation of translational efficiency[63]. There have been reports of orphan snoRNAs, but their
functions and target actions remain unclear[64]. Therefore, traditional snoRNA classifications may not comprehensively
encompass all the functions of snoRNAs (Figure 1).

Pathological importance of snoRNA

In normal physiological processes, snoRNAs stably exist by forming snoRNPs through interactions with specific proteins,
and they subsequently participate in 2’-O-methylation or pseudouridylation of rRNA[35]. With the completion of the
human genome sequencing and the advancement of high-throughput sequencing in the early 21 century, coupled with
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Figure 1 Biosynthesis of small nucleolar RNAs. snoRNA: Small nucleolar RNA; snoRNP: Small nucleolar ribonucleoprotein; rRNA: Ribosomal RNA.

the deepening research in nucleic acids and proteomics, an increasing number of snoRNAs associated with diseases have
been discovered. Currently, the focus of research is to gain a deeper understanding of the functions of snoRNAs under
both normal and pathological conditions[65].

The first report of snoRNAs’ role in human diseases came with Prader-Willi syndrome, suggesting that snoRNA may
have an important role in human diseases[66,67]. Subsequently, abnormal snoRNA expression has been reported in
various human diseases, including congenital heart defects[68], neurodegenerative disorders[69], and cancers[70].
Researchers have observed a significant and pronounced alteration in the expression of snoRNAs in myocardial tissue
affected by Tetralogy of Fallot, compared to healthy control myocardium, suggesting that snoRNA dysregulation might
have an impact on development[68]. In mammals, especially in humans, approximately 90% of snoRNAs are encoded
within introns, often associated with genes related to ribosome biogenesis[71]. This co-localization implies a coordinated
expression designed to facilitate their collaborative functions.

Furthermore, it is revealed that SNORD113-1 suppresses the development of hepatocellular carcinoma (HCC).
Compared to adjacent non-cancerous tissue, the expression of SNORD113-1 is significantly downregulated in HCC.
Moreover, the decreased SNORD113-1 level is notably associated with adverse patient survival outcomes, indicating that
SNORD113-1 plays an anti-cancer role in HCC as a potential diagnostic and therapeutic target for this condition[72].
Additionally, functionally aberrant snoRNAs may play a role in the onset and progression of malignant tumors in
humans. For instance, SNORA42 has been shown to act as an oncogene in lung tumorigenesis[73]. Furthermore,
snoRNAs (SNORD15A, SNORD15B, SNORD22, SNORD17, and SNORDS87) and snoRNPs are frequently overexpressed
in both mouse and human breast cancer and prostate cancer, demonstrating their association with tumorigenicity and
highlighting the significant role of snoRNAs in regulating cancer biology[74].

As snoRNAs can be detected in both plasma and serum reliably, their levels in blood indicate various disease states
and correlate with clinical pathological features, highlighting their applicability as potential disease biomarkers[31]. For
instance, the expression level of SNORD33 in plasma was found to be correlated with the effectiveness of platinum-based
drugs in patients with metastatic triple-negative breast cancer (TNBC), indicating that SNORD33’s expression holds
promise as a potential biomarker for predicting the efficacy of platinum drugs in TNBC patients[75]. Furthermore, the
elevated expression of SNORDS52 in HCC is closely associated with poor clinical prognosis, which promotes HCC
development by upregulating CDK1, thus enhancing the stability of the CDK1 protein, indicating that targeting the
Upfl/SNORD52/CDK1 pathway has therapeutic potential for HCC treatment[76]. In addition, SNORA38B exhibits high
expression in NSCLC tissues and cell lines, correlating with unfavorable prognosis. SNORA38B acts as an oncogene in
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NSCLG, in part, by directly binding to E2F1 and regulating the GAB2/AKT/mTOR pathway[77].

To sum up, in the process of tumorigenesis, ribosomes, which serve as molecular factories for protein biosynthesis, are
typically highly activated to meet the heightened raw material demands of proliferating cancer cells. SnoRNAs play the
critical role in the maturation of ribosomes[5,6]. Consequently, alterations in snoRNA expression may have an extensive
impact on the mechanisms of cancer development and pathological processes. However, current reports are primarily
centered around snoRNA screening and validating their associations with diseases, with an incomplete understanding of
their mechanisms, especially their roles in cellular signal transduction pathways.

PROGRESS OF SNORNA IN CRC

CRC is one of the most prevalent cancers in humans[19]. Currently, advances in cancer prevention, early detection, and
treatment have led to a decrease in mortality rates associated with CRC. However, the 5-year survival rate for this disease
still remains relatively low[78]. Despite the utilization of advanced therapeutic approaches including surgical resection,
chemotherapy, and radiotherapy, there hasn’t been a notable improvement in the mortality rate of CRC patients, due to
the resemblance of early-stage CRC to non-malignant intestinal conditions, a scarcity of distinctive symptoms, and the
consequent delayed diagnoses[79]. Consequently, the absence of efficacious molecular biomarkers for early detection
remains a substantial challenge in addressing CRC. Increasing evidence suggests that snoRNAs serve as key regulators of
gene expression and RNA modification[58]. Defects in the functions of these molecules have become markers of tumori-
genesis and cancer development[74]. Differential expression of snoRNAs in CRC may hold diagnostic and prognostic
value[80,81]. Therefore, a comprehensive understanding of the mechanisms by which aberrant snoRNAs contribute to the
development of CRC is imperative and the involvement of snoRNAs in the progression of CRC is gaining importance as a
reliable molecular biomarker (Table 1). It has the potential to greatly enhance early clinical diagnosis and improve
prognosis for CRC patients.

H/ACA box snoRNAs

SNORA21: SNORAZ2?1 is a type of H/ ACA box snoRNA with a length of 132 nt and its host gene is RPL23. Next-
generation sequencing results have suggested that SNORA21 could be a potential early detection and prognostic
biomarker for NSCLC[93]. Whereafter, Yoshida et al[84] observed an upregulation in the expression levels of SNORA21 in
both colorectal adenomas and CRC through a series of in vitro and in vivo experiments. Using CRISPR/Cas9-mediated
manipulation of SNORA21 expression, they demonstrated its regulatory influence on multiple cancer-associated
pathways, resulting in reduced cell proliferation and diminished invasion and migration capabilities. In summary, this
substantiates the oncogenic function of SNORAZ21 in CRC, wherein it modulates the cell cycle, consequently inducing
alterations in cell proliferation and tumor invasion. Furthermore, SNORA21 has demonstrated the capacity to stimulate
the proliferation of CRC cells by influencing pivotal cancer-related pathways, including the Hippo and Wnt signaling
pathways, and heightened levels of SNORA21 have exhibited a correlation with distant metastasis in the context of CRC.
These findings underscore the pivotal role that snoRNAs may play in cancer biology and suggest SNORA21 as a potential
target for CRC therapy[84].

SNORA24: SNORA24, a type of H/ACA box snoRNA, exhibits a length of 131 nt and originates from the host gene
SNHGS. It is shown that SNORA24 is downregulated in HCC, and may be a tumor suppressor gene[94]. However,
research indicates that SNORA24 is markedly upregulated in various cancers, including CRC. Overexpression of
SNORA?24 promotes cell proliferation and the growth of xenograft tumors by regulating the cell cycle process, partic-
ularly by facilitating the G1/S phase transition. Additionally, silencing SNORA24 induces substantial apoptosis within
cells and modulates the stability of p53 protein through the proteasome degradation pathway[95]. These findings
elucidate the mechanism by which SNORA24 exerts its oncogenic influence in CRC, in a p53-dependent manner,
underscoring its potential utility as a biomarker and therapeutic target for patients with CRC[85].

SNORA42: SNORA42 belongs to the H/ ACA box snoRNA, with a length of 134 nt, and its locus is TTC6. Research
indicates that SNORAA42 is highly expressed in NSCLC tissues and has been experimentally verified for its oncogenic
function[73]. Soon, the study from another group suggests that SNORA24 may function as an oncogene in CRC, as its
overexpression leads to enhanced cell proliferation, migration, invasion, anoikis resistance, as well as tumorigenicity.
Notably, heightened SNORA42 expression levels have been linked to distant metastasis and unfavorable prognosis in
individuals afflicted with CRC. Furthermore, available data indicates that the expression of SNORA42 can be used to
identify high-risk patients with stage II CRC. Consequently, utilizing SNORA42 expression as a molecular biomarker
holds promise in identifying high-risk CRC patients, particularly those with stage II CRC, for postoperative adjuvant
therapy to improve prognosis[31].

SNORA71A: SNORA71A is a H/ACA box snoRNA with a total length of 134 nt, located at the genomic locus
AL080249.26, and its host gene is SNHG17. The transcription of SNORA71A appears to be synchronized with that of
SNHGI17. It has been reported that SNHG17 exhibits upregulation in CRC tissues, implying a potential upregulation of
SNORAT71A in CRC as well[96]. Researchers conducted a comprehensive analysis of snoRNA expression profiles in CRC
utilizing small RNA sequencing technology. The investigation revealed a substantial upregulation of SNORA71A in CRC
tissues and cells. Furthermore, SNORA71A expression displayed a significant correlation with TNM staging and lymph
node metastasis. It demonstrates both high sensitivity and specificity, making it a promising candidate as a biomarker for
CRC. SNORA71A seems to play a role within the NF-xB signaling pathway and Toll-like receptor signaling pathway in
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Table 1 Functions of small nucleolar RNAs in colorectal cancers

Modification  Length  Host . . : :
snoRNA  Type . g Expression Mechanism Potential functions Ref.
site (nt) gene
SNORA5C H/ACA 18S:U1238; 137 TBRG4 Up- Unknown Promote proliferation, and colony [82]
18s:U1625 regulation formation
SNORA15 H/ACA 18S:U1367 133 CCT6A Up- Unknown Exert the oncogenic effect [83]
regulation
SNORA21 H/ACA 28S:U4401; 132 RPL23 Up- Hippo signaling pathway, Promote cell proliferation, and [84]
28S:U4270 regulation and Wnt signaling enhances tumor invasiveness
SNORA23 H/ACA 28S:U3737; 189 IPO7 Up- Unknown Unproved [54]
285:U4331 regulation
SNORA24 H/ACA 18S:U863; 131 SNHGS8 Up- P53 Promote G1/S phase transition, and [54,
185:U609 regulation cell proliferation 85]
SNORA41 H/ACA 18S:U1643 132 EEF1B2 Up- Unknown Exert the oncogenic effect [83]
regulation
SNORA42 H/ACA 18S:U572; 134 TTC6 Up- Unknown Enhance cell proliferation, [31]
185:U109 regulation migration, invasion, anoikis
resistance, and tumorigenicity
SNORA71A H/ACA 18S:U406 138 SNHG17  Up- LBP, NF-kappaB, Toll-like Promote cell proliferation, [54]
regulation receptor migration and invasion
SNORD1IC C/D 285:G4362 78 SNHG16  Up- Wnt/B-catenin pathway  Promote cell proliferation, [86,
regulation migration, invasion and enhance 87]
cancer cell stemness
SNORD12B C/D 285:G3878 91 ZFAS1 Up- Unknown Promote tumorigenesis, prolif- [88]
regulation eration, and metastasis
SNORD12C C/D 285:G3878 89 ZFAS1 Up- ZFAS1-NOP58- Promote cell proliferation (L3},
regulation SNORD12C/78- 89]
EIF4A3/LAMC2
SNORDI4E C/D Unknown 85 HSPAS Up- Unknown Unproved [89]
regulation
SNORD15B C/D 285:A3764 146 RPS3 Up- Unknown Promote proliferation, and colony [82]
regulation formation
SNORD17 C/D 285:U3797 237 SNX5 Up- Unknown Unproved [89]
regulation
SNORD33 C/D 18s:U1326 83 RPL13A Down- Unknown Suppress cell anchorage [83]
regulation
SNORD44 C/D 18S:A166 63 GAS5 Down- Caspase dependent Inhibit tumor growth, and induce ~ [90]
regulation pathway, PI3K/ Akt apoptosis
SNORD48 C/D 285:C2279 64 SNHG32  Up- Unknown Unproved [82]
regulation
SNORD50A C/D 285:C2848; 75 SNHG5 Down- Methylation of 285 rRNA  Promote tumor growth [91]
285:G2863 regulation gene, k-Ras
SNORD50B C/D Unknown 70 SNHG5 Down- Methylation of 285 rRNA ~ Promote tumor growth [91]
regulation gene, k-Ras
SNORD57 C/D 185:A99 72 NOP56 Up- Unknown Unproved [92]
regulation
SNORD67 C/D Ue6:C60 111 CKAP5 Up- Unknown Unproved [89]
regulation
SNORD76 C/D 285:A2350 80 GAS5 Up- Unknown Unproved [31]
regulation
SNORD78 C/D 285:G4593 65 GAS5 Up- ZFAS1-NOP58- Promote cell proliferation [13,
regulation SNORD12C/78- 31]
EIF4A3/LAMC2
SNORD126 C/D Unknown 77 CCNB1IP1 Up- PI3K/ Akt Promote cell growth [65]
regulation
SCARNA12 scaRNA U5:U46 270 PHB2 Up- PI3K/ Akt Promote proliferation and tumori-  [53]
regulation genicity
uisnidenge VVIG | https://www.wjgnet.com 120 January 14,2024 | Volume30 | Issue2



Lan YZ et al. snoRNAs in CRC

SCARNA15 scaRNA U2:U37 127 SNHG21  Up- Unknown Unproved [54]
regulation

SCARNA22 scaRNA Unknown 125 NSD2 Up- Unknown Unproved [31]
regulation

snoRNA: Small nucleolar RNA; scaRNA: Small Cajal body-associated RN As; SNORDs: C/D box snoRNAs.

CRC, suggesting its involvement in the initiation and progression of CRC. And SNORA71A may be necessary for
effective proliferation, migration, and invasion of CRC cells, as the results show that cell proliferation, migration, and
invasion are significantly inhibited when SNORA71A is knocked down. These findings indicate the potential crucial role
of SNORA7Z1A in the malignant transformation, progression, or metastasis of CRC[54].

Other H/ACA box snoRNAs: In addition to the H/ ACA box snoRNAs discussed above, there are several other H/ ACA
box snoRNAs that are closely associated with CRC. For instance, SNORA5C has been linked to promoting the prolif-
erative potential of CRC cells[82], while SNORA15 and SNORA41 have been implicated in the potential oncogenic effects
in CRC[83]. Besides SNOR71A, Zhang et al[54] also reported the high abundance of SNORA23 related to CRC, without
function evaluation. However, the specific molecular mechanisms and biological functions of these snoRNAs require
further investigation.

C/D box snoRNAs

SNORD1C: SNORDI1C is a C/D box snoRNA with a length of 78 nt, and its host gene is SNHGI6. It is well-known that
ALDHI" tumor cells are typically characterized by heightened proliferation rates, enhanced self-renewal capabilities, and
an increased potential for tumor formation in vivo, factors closely linked to cancer recurrence. Mannoor et al[97] found
that SNORDIC exhibits elevated levels in ALDH1* NSCLC cells in comparison to ALDH1" NSCLC cells, indicating the
driving role of SNORD1C in NSCLC[97,98]. However, the precise role of SNORD1C in CRC remains a subject of ongoing
investigation. Researchers have observed significant upregulation of SNORD1C in the serum of CRC patients, and this
upregulation is associated with low tissue differentiation and high CEA expression. Therefore, the elevated expression of
SNORDIC is closely linked to poor outcomes and prognosis in CRC patients[86]. Furthermore, subsequent studies found
that knocking down SNORD1C in CRC cell lines led to reduced cell proliferation, colony formation, migration, and
invasion, as well as promoting apoptosis. Besides, SNORD1C has been proved to augment cancer cell stemness within the
context of CRC, acting through the Wnt/f-catenin pathway. In summary, the suppression of SNORD1C is shown to
reduce Wnt/B-catenin pathway expression. These alterations collectively lead to reduced resistance to chemotherapy,
ultimately hampering the progression of CRC, which strongly suggests the clinical potential of targeting this specific
snoRNA in the treatment of CRC[87].

SNORD12B: SNORD12B is a type of C/D box snoRNA with a length of 91nt and it is hosted by the gene ZFAS1. To
explore factors associated with tumor progression and metastasis, Xu et al[88] examined the role of noncoding RNAs in
CRC and discovered 32 differentially expressed snoRNAs in metastatic and late-stage CRC tissues, with SNORD12B
exhibiting significant upregulation compared to normal samples. Through correlation analysis, they found a significant
correlation between SNORD12B and the expression of miRNAs and mRNAs, suggesting its potential role in regulating
the expression of other RNAs. Interestingly, the upregulation of SNORD12B was positively associated with hypoxia,
tumor metastasis, and upregulated genes in the pentose phosphate pathway, while it was negatively correlated with the
expression of tumor suppressor genes. These findings imply that SNORD12B may be involved in diverse aspects related
to the tumor occurrence, proliferation, and metastasis[88]. Additionally, its host gene, ZFAS1 is also involved in various
human malignancies and associated with many aspects of carcinogenesis, including proliferation, invasion, metastasis,
apoptosis, cell cycle regulation, and drug resistance. Besides, SNORD12, and SNORD12C, hosted by ZFASI, has been also
significantly overexpressed in various human malignant tumors, including CRC. This suggests the potential close
association between ZFASI and its hosted snoRNAs, such as SNORD12B, potentially playing a pivotal role in the
malignant evolution, progression, or metastasis of CRC[99].

SNORD#44: SNORD44 is a C/D box snoRNA, with a length of 63 nt, located within the exon of the GAS5 gene[100].
Researchers assessed the expression levels of SNORD44 and GAS5 in CRC tissues using qRT-PCR and evaluated their
correlation via Pearson correlation analysis. It is observed that both SNORD44 and GAS5 were expressed at low levels in
CRC tissues compared to control samples. Additionally, a positive correlation between the expression of SNORD44 and
GAS?5 in tumor samples was detected. The SNORD44 did not regulate the expression of its host gene, GAS5, and vice
versa. The researchers engineered an oncolytic adenovirus (SPDD-UG) to overexpress SNORD44 and GAS5, and
demonstrated that SNORD44 and GAS5 exhibited anti-tumor effects in CRC cells, inhibiting cancer growth and inducing
apoptosis[90]. It is indicated that SNORD44 exhibited downregulated expression in CRC tissues, and overexpressing
SNORD44 inhibited the growth of CRC cells, suggesting that SNORD44 may function as a tumor suppressor in CRC and
providing a promising direction for potential CRC therapeutic strategies.

SNORDS57: SNORD57 is a C/D box snoRNA with a length of 72 nt, its host gene is NOP56, and its derivative piRNA piR-
54265 found in the 5' end fragment of SNORDS5?7. It is suggested that serum piR-54265 could serve as a biomarker for
early detection and clinical monitoring of CRC[101,102]. After detecting SNORDb57 and its derivative piRNA piR-54265 in
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the serum of CRC patients, it is evident that SNORDS57 exhibits a higher abundance in serum, thus rendering it a
promising non-invasive biomarker for the early detection and clinical monitoring of CRC[92].

SNORD50A/B: SNORD50A, originating from the host gene SNHGS, is a C/D box snoRNA with a length of 75 nt.
Similarly, SNORD50B, also derived from the host gene SNHGS5, is a C/D box snoRNA with a length of 70 nt. Through a
comparative analysis of tumor genomes and normal genomes, researchers have identified that the deletion frequency of
SNORDS50A and SNORD50B genes in various common cancers, including CRC, ranges from 10% to 40%. This deletion
has been correlated with decreased survival rates in patients. It has been observed that SNORD50A and SNORD50B
binds to K-Ras and inhibits K-Ras oncogenic function in various tumor types. Subsequent experiments have revealed that
the absence of SNORD50A and SNORDS50B in tumors augments the activities of K-Ras and its associated signaling
pathway and an increased risk of tumorigenesis. These research findings suggest a potential synergistic interaction
between mutations in the KRAS gene and the deletion of SNORD50A and SNORDS50B in cancer[103]. Notably, KRAS
plays a crucial role in the development, signaling, and proliferation of CRC. Mutations in the KRAS gene result in the
permanent activation of the K-Ras protein, which is pivotal for tumor growth and heterogeneity[104]. Therefore, the loss
of SNORD50A and SNORD50B may play a significant role in the pathogenesis of CRC, at least partially through
interacting with KRAS gene mutations to promote tumorigenesis and progression, providing valuable insights into the
mechanisms of CRC and offer new targets for potential therapeutic strategies.

SNORD12C/78: SNORD12C, arising from the host gene ZFASI, is a C/D box snoRNA with a length of 89 nt. And
SNORDY78, originating from the host gene GAS5, is a C/D box snoRNA with a length of 65 nt. It is reported that
SNORD12C/78 participate in a novel signaling pathway, ZFAS1-NOP58-SNORD12C/78-EIF4A3/LAMC2 axis,
influencing the development and progression of CRC. This sheds light on new molecular mechanisms that underlie the
regulation of CRC initiation and pathogenesis by ZFAS1. ZFAS] assumes a critical oncogenic role in CRC, with its
expression and function are indispensable for the development and maintenance of CRC cells and tissues. Mechanically,
ZFAS] recruits NOP58 as a scaffold protein to maintain the methylation function of SNORD12C and SNORDY78, thereby
facilitating the activities of SNORD12C and SNORD78 mediated 28S rRNA 2’-O-methylation at specific sites. This leads
substantially heightened stability and translational activity of downstream target genes, such as EIF4A3, and LAMC2,
ultimately fostering the proliferation of colon cancer cells. Inhibition of SNORD12C or SNORD?78 results in diminished 2’-
O-methylation modifications under the regulation of ZFASI, thereby suppressing the stability and translational activity
of downstream target genes. Thus, this unveils fresh possibilities for the potential application of snoRNA and cellular 2’-
O-methylation-dependent translation networks in the prevention and treatment of CRC[13].

Other C/D box snoRNAs: In addition to the C/D box snoRNAs discussed above, several other C/D box snoRNAs have
been show a close correlation with diverse characteristics of CRC. The elevated expression of SNORD15B[82] and
SNORD126[65] has found to be associated with the proliferative potential of CRC cells. Conversely, reduced expression of
SNORD33 can inhibit the anchoring function of CRC cells[83]. However, the potential roles of SNORD14E[89], SNORD17
[89], SNORD48[82], SNORD67[89], SNORD76[31], and others in CRC remain unclear, requiring further investigation to
uncover their precise molecular mechanisms and biological functions.

CLINICAL PERSPECTIVES

CRC is a disease characterized by a multitude of genetic and epigenetic features[105,106], with its onset attributable to
various intrinsic and extrinsic factors, including the accumulation of genetic mutations, susceptibility alleles associated
with family history, and chronic or sustained inflammation[107]. Based on the source of mutations, CRC can be
categorized into three types, sporadic (70%), hereditary (5%), and familial (25%). The pathogenic mechanisms leading to
this condition may involve three types, namely chromosomal instability, microsatellite instability, and CpG island
methylator phenotype[108,109]. While the molecular mechanisms of CRC have been extensively studied, there are still
many details that remain unclear.

One of the primary reasons for the poor 5-year overall survival rate in CRC is late detection, missing the window for
effective treatment[17]. Early diagnosis is the critical means of reducing mortality in CRC patients, and biomarker
detection plays a pivotal role in early diagnosis[78]. Recently, the emergence of liquid biopsy techniques has brought new
hope for early disease diagnosis. This method allows the detection of nucleic acids, peptides, proteins, and intact tumor
cells in bodily fluids. Minimally invasive techniques like liquid biopsy are preferred for diagnosing and assessing patient
prognosis, significantly improving clinical management in cancer patients[110,111]. SnoRNAs, due to their location
within the nucleolus, are typically unaffected by hemolysis and remain relatively stable in the bloodstream as they form
complexes with specific proteins. The application of high-quality microarrays and high-throughput sequencing has
unequivocally demonstrated differential snoRNA expression in clinical samples and cell lines, implying diagnostic and
prognostic potential in CRC[54,92]. While mounting evidence supports the functional role of snoRNAs in CRC
development and their potential as biomarkers, there remains a paucity of research on their clinical significance and
functional roles in CRC progression. Overall, snoRNAs possess advantages such as non-invasiveness, high sensitivity,
and specificity, rendering them ideal biomarkers for early cancer screening and diagnosis in the current context.
Moreover, they may exhibit functions akin to non-invasive biomarkers, resembling miRNAs[112,113].

Currently, the treatment for CRC primarily involves surgery, adjuvant chemotherapy, radiation therapy, and immuno-
therapy[21]. Given their abundance and detectability in both solid tumors and blood, snoRNAs may emerge as central
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targets in cancer therapy[16]. Although current understanding of the molecular mechanisms of snoRNAs in tumori-
genesis remains limited, some of their characteristics make them ideal candidates for therapeutic interventions[114]. For
instance, studies indicate that manipulating snoRNA expression, both in vitro and in vivo, can enhance the tumorigenic
and invasive properties of CRC, suggesting that targeting snoRNA expression represents a novel approach for CRC
prevention and treatment[31,84]. Furthermore, snoRNAs involved in transcriptional gene silencing pathways may offer
high therapeutic benefits[115]. Moreover, certain snoRNAs seem to have the potential for protein binding or dependence
on secondary structures, providing a novel means of therapeutic intervention[116], while oncolytic adenovirus vectors
have gained extensive use in cancer therapy[117]. The vectors exhibit selective infectivity towards tumor cells, leading to
oncolysis while causing minimal toxicity to normal tissues[118,119]. Some investigations have explored the deployment
of oncolytic adenovirus vectors for delivering snoRNAs and their host genes for cancer treatment, demonstrating
selective replicability and potential cytotoxicity in cancer cells[90].

Nonetheless, the primary obstacle to implementing snoRNA-based therapeutic strategies in cancer patients primarily
arises from a dearth of understanding regarding their functional roles in tumorigenesis and their specific downstream
gene targets or pathways. As technological limitations are surmounted, snoRNAs may emerge as potential targets for
treatment. While this field appears to be in its nascent stages, it should be currently witnessing the potential of snoRNAs
in cancer therapy. In the near future, it is useful to harness their potential successfully.

CONCLUSION

An increasing body of research on snoRNAs in CRC has expanded the understanding of their molecular mechanisms and
biological processes[2]. Specifically, the dysregulation of snoRNA function appears to be closely associated with the onset
and development of CRC[31]. However, the functional roles of the majority of snoRNAs in CRC remain uncertain. Their
roles in cell signaling pathways, molecular mechanisms, and regulation, require further clarification, and more research is
needed to delve into the snoRNAs present in CRC and their respective targets. As the knowledge of novel snoRNA
functions deepens, research based on snoRNAs has the potential to reshape the landscape of tumor biology and genetics,
possibly uncovering new pathways that drive CRC.

In summary, the study of snoRNAs in the context of CRC is a continually expanding field, and future discoveries may
provide deeper insights into the disease, utilizing snoRNAs as therapeutic targets, as well as diagnostic and prognostic
markers. Current literature underscores the role of snoRNA dysregulation in promoting CRC, emphasizing the
significance of snoRNA regulation in CRC biology and clinical outcomes. Therefore, understanding the roles of snoRNAs
may enhance our comprehension of CRC and potentially harness the robust potential of snoRNAs in the clinical
diagnosis and treatment of CRC in the future.
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