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Abstract. Hepatocellular carcinoma (HCC) is among the most
common and fatal cancers. It is a multistage and multifacto-
rial carcinoma, in which a number of factors serve roles in its
initiation and progression. Small nucleolar RNAs (snoRNAs),
considered to serve a role in various cancers, have recently
been identified to have significant contributions to HCC
tumorigenesis. Recent studies suggest that snoRNAs have a
critical role in the pathogenesis of HCC. Moreover, detailed
studies have demonstrated that various snoRNAs are involved
in a range of biological processes associated with HCC,
including initiation, proliferation, tumor growth, the cell cycle,
apoptosis and metastasis. In the present review, an overview of
recent studies to date has been provided, focusing on the asso-
ciation of snoRNAs with HCC. Based on the findings, further
studies focusing on the association of snoRNAs with HCC are
required to verify the diagnostic and therapeutic capacities of
snoRNAs in HCC.
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1. Introduction

Hepatocellular carcinoma (HCC) is the most prevalent primary
liver cancer, and is the third leading cause of cancer-related
mortality worldwide and the second leading cause of
cancer-related mortality in China and Southeast Asia (1). HCC
is often detected at an advanced stage, and a lack of effective
therapies for advanced stages contributes to its high rate of
mortality (2,3). HCC is a typical multistage disease, wherein a
number of genes related to various cellular processes including
cell cycle control, cell growth, apoptosis and cell migration
are dysregulated (4). However, the molecular mechanisms of
HCC tumorigenesis have not been fully elucidated to date.
More in-depth knowledge of the molecular changes in HCC
would aid to develop effective intervention strategies for the
treatment of HCC.

As the name suggests, small nucleolar RNAs (snoRNAs)
are located in the nucleolus. SnoRNAs are a class of non-coding
RNAs of 60-300 nucleotides in length, responsible for
post-transcriptional modification of other non-protein coding
RNAs including ribosomal RNAs (rRNAs) and small nuclear
RNAs (snRNAs) (5). SnoRNAs are among the most abundant
groups of noncoding RNAs, with hundreds of them identified
in a variety of organisms (6). SnoRNAs are divided into two
families based on their structure and main function: Box C/D
snoRNAs (SNORDs) and box H/ACA snoRNAs (SNORAs).
SNORDs are responsible for 2'-O-ribose methylation, while
the latter family guides pseudouridylation of nucleotides (7).
As snoRNAs are involved in the process of post-transcrip-
tional modifications of rRNAs, and hyperactive biogenesis
of ribosomes is a common feature of cancer, it is proposed
that dysregulation of snoRNAs may lead to cancer (8). Recent
studies have indicated that snoRNAs may have significant influ-
ence on the development and progression of various cancers.
Roles of various snoRNAs have been studied in cancers of the
lung (9-12), colon and rectum (13), breast (14,15), prostate (16),
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and in B and T cell lymphoma (17,18), which has encouraged
studies on the role of snoRNAs in HCC.

Therefore, the present review is focused on HCC-related
snoRNAs with abnormal expression in tumor tissues and their
mechanisms of action. Although few studies on snoRNAs
in HCC have been published, understanding the unique role
played by snoRNAs in HCC may be important in therapeutic
decision-making. Given the critical roles of snoRNAs in the
initiation and progression of other cancers (10-13,16,18,19),
it follows that researchers have become interested in the role
of snoRNAs in HCC. In vitro and in vivo functional experi-
ments in HCC cells have indicated that snoRNAs are involved
in the regulation of various biological processes, including
tumor cell proliferation, migration, apoptosis, the cell cycle,
tumorigenesis and metastasis. SHoRNAs may also serve as
diagnostic or prognostic biomarkers and therapeutic targets
for HCC (8,20-24). Interpreting the roles of snoRNAs in
tumors may contribute to an improved understanding of the
molecular mechanisms of HCC and assist in the development
of novel therapeutic targets. In the present review, recent
progress in research on the biological functions of snoRNAs
in HCC is summarized, and the clinical implications of
relevant snoRNAs as diagnostic or prognostic biomarkers and
molecular therapeutic targets are evaluated.

A literature search using the PubMed (https://www.ncbi.
nlm.nih.gov/pubmed) and Embase Library (https://www.
embase.com/#search) databases for papers published in
English up to October 2017 was performed using the cross
headings “snoRNA/small nucleolar RNA” and “hepatocel-
lular carcinoma”; these were required to appear in the title or
abstract, with all those articles lacking mention of the search
terms in their title/abstract were excluded from the review.
An overview of current findings regarding the clinical signifi-
cance and biological roles of snoRNAs in the hepatocellular
carcinoma was formulated from the articles obtained.

2.snoRNAs

The roles of snoRNAs in various disease processes and onco-
genesis have been previously studied (6,7), but their role in
HCC has been investigated only more recently. Thus, there are
few studies that regard the roles of snoRNAs in HCC. Although
the underlying mechanisms of HCC-related snoRNAs remain
unidentified, the biological functions of snoRNAs have often
been linked with certain signaling pathways (7,22,24), and
accompany apparent expression of the disease in liver cancer
tissues. The dysregulated snoRNAs in HCC are projected
to become novel biomarkers for diagnosis or the evaluation
of therapeutic efficacy. The present review summarizes six
well-documented snoRNAs in HCC: SNORDI113-1 (21),
SNORDI126 (24), SNORD78 (8), ACAI11 (22), SNORA47
(20) and SNORD76 (23). Among these snoRNAs, upregu-
lated expression in HCC is considered to have an oncogenic
function, while downregulated expression may exert tumor
suppressive effects (Table I).

3.SNORD113-1

The SNORDI113-1 gene is located at chromosome 14q32, and
genomic alterations in 14q32 have been observed in HCC (25).
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A recent study on the role of SNORDI113-1 in HCC demon-
strated that it was significantly downregulated in tumor tissues
compared with non-tumor tissues; furthermore, a statisti-
cally significant association between low-level expression of
SNORDI13-1 and relapse-free survival was also observed,
which signified that downregulation of SNORD113-1 was
associated with the aggressiveness of HCC (21). However, the
expression of SNORDI113-1 was identified to have no significant
correlation with clinicopathological features including age, sex
or hepatitis B surface antigen (HBsAg). Hypermethylation of
the putative promoter region of SNORDI113-1, known as CpG,
lead to a downregulation in the expression of SNORD113-1
in tumor cells compared with normal cells (21). Furthermore,
it decreased tumorigenesis in vitro when studied in HCC cell
lines, and in vivo in a xenograft nude mouse model (21). This
decrease in tumorigenesis was identified to occur through
induction of cell cycle arrest during cell proliferation rather
than through apoptosis. Meanwhile, SNORD113-1 had no
effect on the migration and invasion of the tumor cells.
The transforming growth factor-p and mitogen-activated
protein kinase/extracellular signal-regulated kinase path-
ways were involved in this suppression of tumorigenesis by
SNORDI113-1 (21).

4. SNORD126

SNORDI26 is located within the intron of its host gene,
cyclin Bl-interacting protein 1 (CCNBI1IP1) on chromo-
some 14 (24,26), and alteration in this chromosomal locus
has been identified in HCC (27). A study performed by
Fang et al (24) demonstrated that SNORDI126 was upregu-
lated to a high level in HCC and colorectal carcinoma
compared with non-tumor tissues. Their study also indicated
that SNORDI126 expression was significantly correlated
with Barcelona Clinic Liver Cancer (BCLC) stage in HCC
patients. However, its expression was not associated with
age, gender or alpha-fetoprotein (AFP) or HBsAg expression
in HCC patients (24). Meanwhile, increased expression of
SNORDI126 was associated with shorter survival rate in the
HCC patients. Using Huh-7 cell lines, it was also identified
that SNORDI126 overexpression increased cell growth and
mediated resistance to cisplatin, etoposide and vinblas-
tine (24). However, overexpression of SNORDI126 did not
significantly affect the migration of the Huh-7 cell lines. It
was further observed that SNORDI26 did not regulate the
expression of its host gene CCNBI1IP1 in HCC samples (24).
Invitro and in vivo studies revealed that the phosphoinositide
3-kinase (PI3K)/protein kinase B (AKT) signaling pathway
was involved, through the upregulation of fibroblast growth
receptor 2, in facilitating the SNORDI126-mediated malig-
nancy (24).

5.SNORD78

SNORD78 is located at chromosome 125 (28). Amplification
of this chromosomal region has been frequently reported
in many solid tumors (29), including gastric carcinoma
(30), non-small cell lung cancer (31,32) and colorectal
cancer (33). In a previous study, SNORD78 was identified
to be upregulated in 47 HCC surgical specimens compared
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Table I. HCC-related snoRNAs in the current review.
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Chromosomal Sample size, n, Biological

snoRNA location Dysregulation HCC/control roles Author Refs.

SNORD 113-1 14q32 Downregulated 112/112 Suppresses HCC cell growth Xu et al 21)
and proliferation; no effect on
migration or cell invasion.

SNORDI126 14ql11.2 Upregulated 30/28 Promotes HCC cell growth Fang et al (24)
and promotes resistance
to chemotherapy.

SNORD78 1925 Upregulated 47/47 Promotes HCC cell Ma et al ®)
proliferation, migration
and invasion.

ACALll 4ql16.3 Upregulated 92/92 Promotes proliferation, Wu et al 22)
invasion and migration
in HCC cells.

SNORA47 5q13.3 Upregulated 60/60 Promotes HCC cell Liet al (20)
proliferation, migration,
invasion and metastasis.

SNORD76 1925 Upregulated 66/66 Promotes HCC development, Wu et al 23)

growth and invasion.

HCC, hepatocellular carcinoma; snoRNA, small nucleolar RNA.

with non-neoplastic liver tissues (8). This upregulation of
SNORD78 was linked with the aggressive phenotype and
poor prognosis of HCC. Furthermore, increased expression
of SNORD78 was observed to be associated with decreased
overall survival and recurrence-free survival rates of the
patients with HCC (8). When studied in human HCC cell
lines (Huh7, HCCLMY, Hep3B and SK-Hepl), SNORD78
had no significant effect on expression of its host gene,
growth arrest specific 5 (GASS). Furthermore, knockdown
of SNORD78 in the SK-Hepl cells lead to decreased cell
proliferation, migration potential and invasion ability
and also induced cell cycle arrest at GO/G1 phase while
increasing cell apoptosis (8). This study provided insight
into the association of SNORD78 with HCC, though the
mechanism by which SNORD78 promotes HCC is yet to
be fully elucidated. Further research on this may guide
techniques for earlier diagnosis and improved therapeutic
strategies in the future.

6. ACA11

The ACAII gene is located on chromosome 4q16.3, which
is established to be an amplified chromosomal segment in
solid tumors, particularly HCC (34,35). ACA11 is overex-
pressed in primary bladder, colon and esophageal cancers,
which makes it a possible biomarker for these cancers (36).
A previous study on 92 pairs of human HCC tissues and

corresponding non-tumor tissues revealed that ACA11 was
significantly increased in the HCC specimens compared with
the non-tumor tissues (22). This upregulation was associated
with histological grade, hepatitis B virus (HBV) infection,
BCLC stage and portal vein tumor thrombus (PVTT).
Furthermore, high-level ACA11 expression was associated
with shorter overall survival and higher recurrence rates in
the HCC patients (22). Downregulation of ACA1l in cell
lines with high endogenous expression of ACAll, namely
HCCLM9 and SK-Hepl cells, resulted in reduced cell prolif-
eration, migration ability and invasiveness (22). Accordingly,
an in vivo study in nude mice identified reduced tumor and
weight when ACA11 was downregulated (22). Furthermore,
overexpression of ACA1l in Huh7 cells with low endog-
enous expression of ACA1l resulted in an increased level
of cell proliferation, migration and invasion compared with
controls, which was further supported by increased tumor
weight in an in vivo study in nude mice (22). Collectively
these findings indicated that ACAIll is associated with
the tumorigenesis, aggressive behavior and prognosis of
HCC. Additionally, through in vitro study, it was demon-
strated that the PI3K/AKT pathway was activated during
the ACAll-mediated effects in HCC (22). The PI3K/AKT
pathway regulates cyclin D1 and epithelial-mesenchymal
transition (EMT) markers, which are associated with cell
proliferation, migration and invasion in tumors (37). With
the knockdown of ACA11 in HCCLM9 and SK-Hepl cells,
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the expression of epithelial markers such as claudin-1 was
increased, while cyclin DI and mesenchymal markers
including fibronectin (FNI1), neural (N)-cadherin and
vimentin (VIM) were downregulated; the opposite result
was observed when ACA11 was upregulated in those cell
lines (22). This further suggests that ACA1l has an impact
on HCC cell proliferation, invasion and migration.

7. SNORA47

SNORAA47 is located at chromosomal region 5q13.3 (38),
which is among the frequent locations of chromosomal gain
in HCC (28). Significant upregulation of SNORA47 has
been identified in a study of 60 HCC tissues compared with
normal specimens (20). The level of expression of SNORA47
was significantly correlated with intrahepatic metastasis,
Iymphatic invasion and Tumor-Node-Metastasis stage, while
no association was identified with other clinicopathological
variables including age, gender, size of the primary tumor,
serum AFP, liver cirrhosis, PVTT or tumor differentiation.
Furthermore, patients with high SNORA47 expression had
significantly shorter overall survival rates and statistically
higher recurrence rates than those with low expression of
SNORA47 (20). Among human HCC cell lines (Hep3B,
Huh-7, HCCLM9, SK-Hepl and SMMC-7721), the expres-
sion of SNORA47 was identified to be relatively high in the
SK-Hepl and HCCLMO cells (20). Knockdown of SNORA47
in the SK-Hepl and HCCLMO cell lines induced a decline
in the proliferation of the cells, and the proportion of cells
in early apoptosis was increased, thus implicating that
knockdown of SNORAA47 in those cell lines suppressed cell
proliferation while increasing apoptosis. Furthermore, down-
regulation of SNORA47 in the SK-Hepl and HCCMLDY cell
lines lead to reductions in the migration and invasion abili-
ties of the cells (20). EMT serves a key role in the process of
tumor metastasis and invasion (39,40). In the aforementioned
study, the knockdown of SNORA47 resulted in downregula-
tion of zinc finger E-box binding homeobox 1, VIM, FN1 and
N-cadherin and an upregulation of epithelial (E)-cadherin,
suggesting that SNORA47 induces the expression of these
EMT markers (20). Taken together, it may be proposed that
SNORAA47 is not only upregulated in HCC but also affects
tumorigenesis by inducing EMT.

8. SNORD76

SNORDY76 is located within the third intron of the snoRNA
host gene GASS5 at chromosome 1q25 (28). The chromosomal
locus 1g25 is among the most frequently amplified chromo-
somal segments in solid tumors, particularly HCC (27,41).
SNORD76 has been identified to be markedly upregulated
(up to 3.5-fold) in HCC tissues in comparison to controls (23);
furthermore, the expression of SNORD76 had substantial
predictive significance for HCC in receiver operating charac-
teristic curve analysis. It was proposed that SNORD76 may be
used in clinical practice as a diagnostic marker for HCC (23),
though further large-scale multicenter study is required prior
to any clinical application. Nonetheless, high-level expres-
sion of SNORD76 was associated with histological grade,
HBYV infection, BCLC stage and PVTT in HCC patients (23).
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Additionally, shorter overall survival rate was linked with
the high-level expression of SNORD76. This suggests that
SNORD76 may be a useful prognostic marker of HCC. In HCC
cell lines, SK-Hepl and Huh7, knockdown of SNORD76 caused
arrest of the cell cycle at GO/GI1 phase and increased apoptosis,
while overexpression of SNORD76 significantly induced cell
proliferation (23). An in vivo study in a xenograft nude mice
model supported these findings, as there was decreased tumor
growth when suppressing the expression of SNORD76 (23).
Furthermore, the mesenchymal markers of EMT (vimentin,
N-cadherin and fibronectin) were induced while the epithelial
markers of EMT (claudin-1 and E-cadherin) were reduced
with the overexpression of SNORD76, whereas the opposite
result occurred with knockdown of SNORD76 in vitro (23);
this supports that SNORD76 induces the invasiveness of HCC
via the EMT pathway. The Wnt/f-catenin pathway, a major
pathway involved in the tumorigenesis of HCC (19), was also
implicated in the SNORD76-mediated effects on HCC (23).

9. Conclusion and future perspectives

In conclusion, there are limited studies on the role of snoRNAs
in HCC. Thus, few studies to date have delineated the role of
snoRNAs in HCC with regard to cancer initiation, progression,
metastasis and recurrence, and treatment and prognosis. The
dysregulation of snoRNA in HCC tissues is associated with
these oncological aspects. To date, snoRNA in HCC has been
studied through the use of patient tumor specimens, in addi-
tion to cell lines and xenograft mice models, and its potential
role as a diagnostic and prognostic marker has been suggested.
However, the invasiveness and costs associated with obtaining
tissue specimens for diagnostic purposes may limit its useful-
ness in a clinical environment. Therefore, future studies should
investigate whether or not snoRNAs are highly expressed in
serum or other bodily fluids in patients with HCC. HCC is a
multistage disease and various factors and molecules serve an
interconnected role in its development and progression. It is
critical to understand how snoRNAs interact with RNA, DNA
and proteins and how aberrant crosstalk may be controlled
in HCC. The majority of the previous studies concerning
snoRNAs have been retrospective single-center analyses with
a relatively small sample size. Thus, a multicenter prospec-
tive cohort study with a large sample is required to gain an
improved understanding of the overt roles of snoRNAs in
HCC in various populations and ethnic groups.
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