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Abstract

Cancer has become the most life-threatening disease in the world. Mutations in and
aberrant expression of genes encoding proteins and mutations in noncoding RNAs,
especially long noncoding RNAs (IncRNAs), have significant effects in human cancers.
LncRNAs have no protein-coding abiljty but function extensively in numerous
physiological and pathological processes. Small nucleolar RNA host gene 3 (SNHG3) is
a novel IncRNA and has been reported to be differentially expressed in various tumors,
such as liver cancer, gastric cancer, and glioma. However, the interaction mechanisms
for the regulation between SNHG3 and tumor progression are poorly understood. In
this review, we summarize the results of SNHG3 studies in humans, animal models,
and cells to underline the expression and role of SNHG3 in cancer. SNHG3 expression
is upregulated in most tumors and is detrimental to patient prognosis. SNHG3
expression in lung adenocarcinoma remains controversial. Concurrently, SNHG3 affects
oncogenes and tumor suppressor genes through various mechanisms, including
competing endogenous RNA effects. A deeper understﬁlding of the contribution of
SNHGS3 in clinical applications and tumor development may provide a new target for

cancer diagnosis and treatment.
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Core Tip: This review explores the differential expression of small nucleolar RNA host
gene 3 (SNHG3) as a novel IncRNA in hepatocellular carcinoma as well as other
tumours. SNHG3 is upregulated in most tumours and can influence tumourigenesis
and progression through competing endogenous RNA effects and signalling paﬂ-a'ays,
thereby adversely affecting patient prognosis. Therefore, SNHG3 may become a new
target for the diagnosis and treatment of many cancers, including hepatocellular

carcinoma.




INTRODUCTION

Cancer has become one of the significant sources of mortality worldwide.
Approximately 14.1 million individuals are newly diagnosed each year, and
approximately 8.2 million deaths occurred in 2021 based on GLOBOCANI'. Despite
considerable achievements and advances in clinical practices, cancer remains a dreadful
illness with a poor prognosis and high health burden, which presents a global threat to
healthl2l. Cancer is a heterogeneous disease with substant@genotypic and phenotypic
diversityl®l. Genomic regulation of the cancer genome plays a vital role in cancer
initiation, progression, ﬁ‘ld metastasis*’l. It is of most importance to explore the
intricate link underlying cancer development and progression.

Long noncoding RNAs (IncRNAs) are a class of noncoding RNAs (ncRNAs) with no
protein-coding abilityl®l. Evidence has shown that IncRNAs participate in genomic
regulation at the transcriptional, translational, and epigenetic levelsl®7l. The regulatory
functions of IncRNAs include activation and silencing of genes®?), recruitment of
epigenetic regulator(l¥l, modification of RNA interactions(!!], transcriptional and
posttranscriptional processes!'2l, mRNA decay!®?l, and protein recruitment!4. LncRNA-
associated regulatory functions are dynamically regulated in a cell-, tissue-,
development- and distribution-specific mannerl!5l. LncRNAs in the cytoplasm may act
as sponges, stabilizing mRNAs and regulating the mRNA translation process, thus
modifying downstream target gene expressionl’l. LncRNAs located in the nucleus may
play “cis-acting” or “trans-acting” functions!'71%l. Recently, growing evidence
demonstrates that IncRNAs are involved in various cancer functions and pathological
processes, particularly in the initiation and progression of tumors/2’l. LncRNAs regulate
various malignant activities, including tumor progression, proliferation, apoptosis,
migration, invasion, chromatin remodeling, metabolism[21-23],

More recently, small nucleolar RNAs can be encoded by several IncRNAs called small
RNA host genes, which are significantly differentially expressed in many diseases,
including cancers(?!l. Studies have unveiled that small nucleolar RNA host gene 3

(SNHG3), which is affiliated with the IncRNA class, plays an influential regulatory role




in cancer initiation, development, progression, and tumor-associated microenvironment
formation. LncRNA SNHG3 is located in 1p35.3, as shown in Figure 1 (GeneCards,
http:/ /www.genecards.org). SNHGS3 is mainly localized to the nucleus, mitochondrion,
and extracellular space. Although many studies on SNHG3 and tumors have been
published, clinical studies and research remains limited. This_paper reviews the
upregulation of SNHG3 expression in most human tumors and its relationship with
negative prognosis as well as the role of SNHG3 in the mechanism of tumorigenesis.
Finally, it was concluded that SNHGS3 can function as a biomarker in the diagnosis and

prognosis of different cancers.

CLINICAL CHARACTERS OF LNCRNA SNHG3

Growing evidence has demonstrated that SNHG3 acts as an oncogene and plays a

critical regulatory role in the initiation and development of various cancers. SNHG3
exhibits characteristic oncogenic properties in multiple cancers. Studies have indicated
that SNHGS3 is significantly upregulated in hepatocellular carcinoma (HCC)2526] and
other cancers, such as cervical cancer (CC)P728], and breast cancer (BC)[?>3. Clear cell
renal cell carcinoma (ccRCC)[33], colorectal cancer (CRC)[3638, gliomal3940], HCCI254142],
non-small cell lung cancer (NSCLC)[4347], ovarian cancer (OC)#85l, and papillary
thyroid carcinoma (PTC)P2. Different views exist on SNHG3 expression in lung
adenocarcinoma, as shown in Table 1. Aberrant SNHG3 expression might represent a

prognostic prediction value and therapeutic target in various cancers.

HCC

HCC is one of the most widespread cancerous malignancies, ranking third in cancer-
related deathsl®3. Cures for HCC tend to be more effective when used at an early
stagel54. However, patients at this stage do not have specific symptoms or lack
biomarkers for garly diagnosis, which usually delays diagnosis. Accordingly, the
development g

omarkers for early diagnosis and prognosis is urgent. Recent studies

have shown that SNHG3 expression is upregulated in HCC tissues compared with




normal tissues and positively correlates with tumor stage (P < 0.001), tumor size (P =

0.003), lymph node metastasis (P < 0.001), distant metastasis (P < 0.001), portal vein
tumor thrombosis (P = 0.014), and relapse (P = 0.038)[2>20]. Based on the above evidence
that SNHG3 influences HCC metastasis and growth, SNHG3 has the potential to be a

reliable biomarker for the diagnosis and treatment of HCC.

BC

BC accounts for 30% of all female tumors and is the second leading contributor to
cancer deaths in women!®l. Early detection of BC can reduce mortality and improve
patient survivall5-3l. The discovery of a new biomarker appears critical. Ma et all3!]
reported elevated SNHG3 expression in BC tiss and correlated it with tumor
malignancy. They also reported that SNHG3 expression was assqgiated with
clinicopathological features, such as histological grade (P = 0.016), tumor-node-
metastasis (TNM) stage (P = 0.001), lymph node metastasis (P < 0.001), estrogen
receptor (P = 0.009), and Her-2 (P = 0.001)51. ER and Her-2 are major molecular targets
in the pathogenesis of BC and are associated with prognosis and treatment options for
BCP9l. Therefore, SNHG3 plays a carcinogenic role in the progression and prognosis of
BC. Therefore, SNHG3 may play an oncogenic role in the progression and prognosis of
BC.

cC

CC he fourth most prevalent cancer among women worldwide in terms of incidence
and mortality!53l. The survivability of patients with advanced CC is not desirable, and
early diagnosis and treatment of CC improve its prognosisl®l. It is important to further
explore the mechanisms of CC development to develop new therapeutic approaches/®ll.
The function of SNHG3 in CC has been recognized in several studies. Zhu et all?!
published that SNHG3 expreﬁn was obviously upregulated in CC tissues, and high

SNHG3 expression affected ernational Federation of Gynecology and Obstetrics




IGO) stage (P = 0.011) and metastasis (P = 0.018), implying that SNHG3 is a possible

prognostic biomarker and a target for treatment in CC.

ccRCC

With high orbidity and mortality, ccRCC is the most common and serious type of

renal cell carcinomal®. Using TCGA and GEO databases, Zhang et all® found that

IncRNA SNHGS3 expression was elevated in ccRCC and positively correlated with ma

clinicopathological parameters. They further quantified the relative expression of
G3 in ccRCC tissues compared with normal tissues using qRT-PCR and discovered

that the relative expression of SNHG3 was increased in ccRCC tissuesl®]. These results

revealed that upregulated SNHG3 expression may play an essential role in the ccRCC
pathway.

CRC
CRC is a dominant reason for morbidity and mortality worldwide, yet greater than half
of patients have progressed to stage II/III at the time of diagnosis. The treatment of
CRC typicallyaonsists of curative resection via surgery followed by adjuvant
chemotherapy to reduce the risk of recurrencel®l. Therefore, it is critical to further
elucidate the mecl-ﬁ'lisms of CRC and to pursue the development of effective targeted
therapies. SNHG3 expression was remarkably upregulated in CRC tissues compared to
rby normal tissues and correlated with poor outcomes in CRCI36-38], Moreover, Wen
et all*! explored the connection between SNHG3 and clinicopathological parameters,
and the results reflected a close association with tumor stage (P = 0.006) and distant
metastasis (P = 0.0033). Overall, SNHG3 promotes the progression of CRC, leading to

an unfavorable prognosis.

Glioma
Glioma is a fatal brain tumor that can be treated with radiation and surgery, but the

median survival of patients is only approximately 14-17 mol®l. Effective curative




treatments for glioma are lacking. Thus, it is especially vital to determine the molecular
mechanisms of glioma and identify novel strategies for treatmentl®5l. SNHG3 is hi

expressed in glioma tissues compared to normal tissues®40. Zhang et all®! explored the
relationship between SNHG3 expression and the clinicopathological features of GM
patients, including tumor size (P = 0.0300) and World Health Organizatiohclassiﬁcation
(P = 0.0278). These studies indicated that SNHG3 offer new insights for the future

treatment of glioma.

Lung cancer

Lung cancer is one of the cancers with the highest mortality and morbidity rates
worldwidel®l, with NSCLC accounting for 85% of lung cancer ﬁses["’?]. Shi et all¥
revealed that high expression of IncRNA SNHG3 in NSCLC tissues was associated with
TNM stage (P = 0.0053), lymph node metastasis (P = 0.0006), and tumor size (P =
0.0005). Thus, elevated SNHG3 expression is relevant to the lower overall survival (OS)
rate of NSCLC patients. Liu et all®7l analyzed the TCGA database as well as the
GSE19804 public database and found high SNHG3 expression in lung adenocarcinoma.
These researchers used Kaplan-Meier plotter database analysis to determine that high
SNHGS3 expression decreases the OS time of lung adenocarcinoma patients. However,
Kang et all®®l used quantitative polymerase chain reaction to showdhat SNHG3
expression levels were decreased in lung adenocarcinoma tissues, and Kaplan-Meier
analysis demonstrated&lat patients with low SNHG3 expression levels had a short OS.
In conclusion, SNHGS3 is associated with unfavorable prognosis in lung cancer patients,
but the expression and function of SNHGS3 in lung adenocarcinoma still requires further

research.

QOuvarian cancer
OC claims the lives of 151900 women worldwide each year and is one of the leading
contributors to death in womenl®9l. Because there are no specific symptoms in the early

stages, greater than 79% of OC patients reach stage III or IVF0l. The lack of effective




biomarkers translates a poor prognosis in OC patients. Recently, Hong et all*]
described high SNHG3 expression in OC tissues compared with normal tissues adjacent
to cancer, and a high SNHG3 expression level was positively correlated with the FIGO
stage (P = 0.007) and lymph node metastagis (P = 0.001) of OC patients. This finding
suggests that high SNHG3 expression may be an individual prognostic factor affecting
OS in OC patients.

Papillary thyroid carcinoma

PTC is the most common type of thyroid cancer, and the incidence of PTC is
increasingl”ll. The high rate of metastases in the cervical lymph nodes of PTC patients is
closely related to the recurrence of PTCI7273, It seems relevant to study the mechanism
of metastasis in PTC. Sui et all52l analyzed 42 pairs of tissues and determined that
%HGS expression was higher in PTC tissues compared with controls. High SNHG3
expression was positively correlated with TNM stage (P = 0.014) and lymph node
metastasis (P = 0.0292) in advanced PTC. The above results suggest that SNHG3 could
be a carcinogenic IncRNA in PTC.

Researchers have elucidated the high expression of SNHG3 in acute myeloid
leukemia (AML)4, esophageal cancerl”l, gastric cancer (GC)[7678], laryngeal
carcinomal”®0], oral squamous cell carcinomal®'#2], osteosarcomal®*#, and prostate
cancer8>86], but have not yet explored the relationship between SNHG3 and
clinicopathological features. Subsequent investigatiaus into the biological mechanisms
of SNHG3 in other diseases will further support the potential of SNHG3 as a new

diagnostic and therapeutic biomarker.

SNHG3 IN VIVO STUDIES

SNHG3 may function as an oncogene and has the potential to become a novel potential
therapeutic target for many cancers. Several studies have used animal models to

explore the effect of SNHG3 in vivo. Zhao et all?] assessed the rol SNHG3 in HCC

growth in vivo. They injected stable SNHG3-depleted HepG2 cells subcutaneously into




the right dorsum of female BALB/c nude mice and measured the volume of tumor. The
results showed that SNHG3-depleted tumors grew significantly slower than that of
controls. HCC growth was inhibited in vivo due to the knockdown of the SNHG3
genel?5l. Similarly, SNHG3 gene knockdown inhibited the growth of other tumors, such
as BCP4, CCI#l, ccRCCB3l, CRCPB67, GCI77, gliomal®l, laryngeal carcinomal®,
NSCLCl546], - OCI#9l, PTCI52, prostate cancerl®l. Overall, SNHG3 promoted the

progression of the abovementioned tumors.

OLOGICAL FUNCTION OF SNHG3 IN CANCER

In the following section, we will explore the biological function of SNHG3 in different
cell lines. Many works have shown that SNHG3 affects cancer cell proliferation,
epithelial-mesenchymal transition (EMT)I254144478587], apoptosis, invasion, migration,
and metabolism[2248] specifically through the action of different molecular mechanisms.
In HCC, SNHGS3 affects cell proliferation, apoptosis, metastasis and invasion mainly by
means of competing endogenous RNA (ceRNA) and EMT signaling pathway, as shown
in Figure 2 and Table 2.

SNHGS3 function as a ceRNAs in cancers

LncRNAs and microRNAs (miRNAs) are ncRNAs. LncRNAs compete with miRNAs by
acting as sponges for miRNAs to reduce the activity or expression of miRNAs[®l. These
IncRNAs are called ceRNAs. Numerous studies have found that SNHG3 can function as
a ceRNA by competitively binding to various miRNAs, including miR-758-3p[74], miR-
515-5pl87], miR-330[2%], miR-32612530.3478], miR-384[31.3979], miR-154-3p[32], miR-186-5p375],
miR-3173-5p(®], miR-139-5p[], miR-5390%], miR-182-5pl¥7], miR-370-5pl*], miR-3619-
5pl76], miR-485-5pl#l, miR-128[41, miR-214-3pl4252], miR-340-5p[4#>%], miR-890I8], miR-
1343-3pl#3], miR-216al*¢l, miR-515-5pl#7l, miR-2682-5pl8l], miRNA-151a-3pl83l, miR-196a-
5pl#, miR-339-5pl*l, miR-139-5pl51, miR-5771%%, and miR-487a-3pl*¢l. In HCC SNHG3
plays its role as a ceRNA mainly by binding to miR-128[41], miR-326[25] and miR-214-
3pl42l. SNHGS3 acts as a sponge to bind to miRNAs, subsequently blocking the effects of




miRNAs on their downstream target mRNAs. Thus, SNHGS3 regulates the expression of
oncogenes or tumor suppressor genes, such as SRGNI74, PKMI?l, HDGFB, and c-
Muycl¥l, ultimately affecting cancer cell proliferation, apoptosis, metastasis, metabolism

and EMT, as shown in Figures 3 and 4.

EMT signaling pathway

The EMT process has been shown to be critical in cancer(®91l. Shi et all*4l showed that
human lung cancer cells overexpressing the SNHG3 gene exhibited increased
expression of mesenchymal markers (N-calmodulin and waveform protein) and
reduced expression of epithelial cell markers (E-calmodulin) while also promoting
cancer cell proliferation and metastasis through the TGF-p pathway. In addition, Zhao
et all®l learned that SNHG3 promotes cancer cell migration by upregulating the
expression of ZEB1, a key transcription factor of EMT in HCC cells. The same
conclusion was reached in BCI%1 and NSCLCI46l, Ele above achievements point to the

potential application of SNHGS3 in the tumor EMT signaling pathway.

Notch signaling pathway

The Notch signaling pathway is a strongly co&;erved cellular signaling system in most
multicellular organisms and is required for a variety of cellular processes, including
stem cell functions, cell proliferation, differentiation, and cell death. Several IncRNAs
have been proven to participate in the Notch signaling pathway. Zhang et all5!
demonstrated that SNHG3 promotes OC proliferation and migration by regulating
Notchl. In addition, Jiang et all32], suggested that SNHG3 prom BC cell proliferation
and metastasis through upregulation of the Notch signaling pathway. These studies
indicate that SNHG3 plays a crucial part in Notch pathways, which have the potential

to develop novel therapeutic targets for cancer therapy.

mit/ﬁ-mtenin signaling pathway




Aberrant activation of Wnt/B-catenin signaling was found in some tumors, and Wnt/3-

catenin signaling can regulate oncogenes, such as ¢-Myc and Bcl-2. leading to
tumorigenesis and cell proliferation. SNHG3 may upregulate the Wnt/pB-catenin
pathway by regulating miR-340-5p and YAPI in laryngeal cancer cells/®l. In addition,
SNHG3 may also promote the proliferation and metastasis of oral squamous carcinoma
cells by upregulating the NFYC and Wnt/B-catenin pathways/®2. SNHGS3 is involved in
the Wnt/p-catenin signaling pathway that mediates tumor development and could

represent a new tool for tumor therapy.

STATS3 signaling pathway
Tyrosine kinase signaling delivered by STAT3 is frequently activated in ncer cells,
and the STATS3 signaling pathway plays an important role in cancer progression, where
it can be activated by cytokines, such as IL-62, and growth factors394. STAT3 is
phosphorylated by receptor-associated JAK and thus enters the nucleus to act as a
transcriptional activator, regulating oncogene expression(®’l. The impacts of STAT3
signaliﬁ in suppressing tumor immune surveillance have also been reported!*l,

Sun et al’®l demonstrated that SNHG3 was overexpressed in GC tissues, and cellular
experiments revealed that IL-6-activated STAT3 positively regulates SNHG3 and that
SNHGS3 promotes stem cell-like properties in GC cells. Shi et all¥ found that the IL-
6/JAK2/STAT3 pathway activated SNHG3 in NSCLC and promoted cell proliferation
and migration. This finding leads to the conclusion that the STAT3 signaling pathway

involved in SNHGS3 is a novel mechanism of carcinogenesis, suggesting that SNHG3

may represent a biomarker for the treatment of these carcinomas.

GSK-3p/p-catenin signaling pathway

GSK-3p can negatively regulate pB-catenin signaling, which is also implicated in cell
proliferation(”l. Research has illustrated that GSK-33/p-catenin signaling is, for
example, one of the downstream drivers of SNHG3 in OCI®], and high expression of

SNHGS3 fosters cell proliferation and invasion via GSK-33 / -catenin.




SNHGS3 can revitalize multiple signaling pathways to pro&ate human tumorigenesis,
such as the Notch signaling pathway, Wnt/p-catenin signaling pathway, STAT3
signaling pathway, GSK-3/-catenin signaling pathway, and EMT signaling pathway.

Thus, SNHG3 may become a target in the treatment of tumors.

CONCLUSION

LncRNAs function as multifunctional signaling modulators, facilitating tumor
initiation, progression, and metastasis by regulating tumor cell proliferation, migration,
apoptosis, cell cycle, drug resistance, epithelial-mesenchymal transition, metabolic
reprogramming, Ed immune responsel**1%]l. Compelling studies have suggested that
IncRNAs can act as diagnostic indices, prognostic biomarkers, and therapeutic targets
for diseasesl101102l These reports indicate that SNHG3 expression is upregulated in
tumor tissues, such as HCC, GC, CC, PTC, and AML, compared to adjacent normal
tissues. However, the expression of SNHG3 in lung adenocarcinoma has shown
different results and needs to be further explored. At the same time, SNHG3 has been
associated with various clinicopathological parameters such as staging and distant
metastasis. In addition, SNHG3 has been shown to promote tumour development in in
vIv0o expeﬁnents, and at the cellular level, SNHG3 plays a significant role in promoting
tumour cell proliferation, migration and metastasis, disrupting the cell cycle and
inhibiting apoptosis in a variety of cancers through a variety of signalling pathways,
resulting in a pr prognosis for patients.In short, these findings implied that SNHG3
might function as a new target in the diagnosis and treatment of tumours.

In summary, a better understanding of the function of SNHG3 in the
clinicopathological features and mechanisms of tumor development may help to
improve the efficiency and targeting of treatment. Further studies on SNHG3 and its
regulatory mechanism may pave the way to improve prevention, cancer diagnosis, and

treatment based on patients' biological and pathological characteristics.
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