W) Check for updates

Received: 3 March 2021 Accepted: 29 April 2021

DOI: 10.1002/iub.2501

CRITICAL REVIEW wsmBLIFE WILEY

Small nucleolar RNA host genes promoting epithelial-
mesenchymal transition lead cancer progression and
metastasis

Alessio Biagioni' | Shima Tavakol’ | Nooshin Ahmadirad® |

Masoumeh Zahmatkeshan®® | Lucia Magnelli' | Ali Mandegary® |

Hojjat Samareh Fekri®® | Malek Hossein Asadi’® | Reza Mohammadinejad® |
Kwang Seok Ahn®

'Department of Experimental and Clinical Biomedical Sciences “Mario Serio”, Section of Experimental Pathology and Oncology, Florence, Italy
2Cellular and Molecular Research Center, Iran University of Medical Sciences, Tehran, Iran

*Department of Medical Nanotechnology, Faculty of Advanced Technologies in Medicine, Iran University of Medical Sciences, Tehran, Iran
“Department of Pharmacology & Toxicology, School of Pharmacy, Kerman University of Medical Sciences, Kerman, Iran

SStudent Research Committee, Kerman University of Medical Sciences, Kerman, Iran

®Pharmaceutics Research Center, Institute of N europharmacology, Kerman University of Medical Sciences, Kerman, Iran

"Department of Biotechnology, Institute of Science and High Technology and Environmental Sciences, Graduate University of Advanced Technology,
Kerman, Iran

8Department of Science in Korean Medicine, College of Korean Medicine, Kyung Hee University, Seoul, Republic of Korea

Correspondence i
Reza Mohammadinejad, Student Research stract
Committee, Kerman University of The small nucleolar RNA host genes (SNHGs) belong to the long non-coding

Medical Sciences, Kerman, Iran.

RNAs and are reported to be able to influence all three levels of cellular
Email: rrmohammadinejad@kmu.ac.ir

information-bearing molecules, that is, DNA, RNA, and proteins, resulting in

Kwang Seok Ahn, Department of Science the generation of complex phenomena. As the host genes of the small nucleo-
in Korean Medicine, College of Korean
Medicine, Kyung Hee University,

24 Kyungheedae-ro, Dongdaemun-gu, they exert multiple regulatory functions orchestrating cellular homeostasis and

lar RNAs (snoRNAs), they are commonly localized in the nucleolus, where

Seoul, 02447, Republic of Korea. differentiation as well as metastasis and chemoresistance. Indeed, worldwide

Email: ksahn@khu.ac.k . g q q q c
mal: ksahn@khu.ac-kr literature has reported their involvement in the epithelial-mesenchymal transi-

Funding information tion (EMT) of different histotypes of cancer, being able to exploit peculiar fea-
Kerman University of Medical Sciences, tures, for example, the possibility to act both in the nucleus and the cytoplasm.
Grant/Award Number: 40000013;
Associazione Italiana per la Ricerca sul
Cancro; National Research Foundation of role in tumor progression albeit such mechanism is still debated. Here, we
Korea, Grant/Award Number: NRF-
2018R1D1A1B07042969

Moreover, SNHGs regulation is a fundamental topic to better understand their

reviewed the biological functions of SNHGs in particular in the EMT process
and discussed the perspectives for new cancer therapies.

Abbreviations: BCa, bladder cancer; BSG, basigin; CC, cervical cancer; ccRCC, clear cell renal cell carcinoma; CSCC, cervical squamous cell
carcinoma; circRNAs, circular RNAs; CRC, colorectal cancer; EMT, epithelial-mesenchymal transition; EZH2, enhancer of zeste homolog 2;
FKBP1A, FKBP prolyl isomerase 1A; GC, gastric cancer; HCC, hepatocellular carcinoma; HPV, human papillomavirus; lincRNAs, large intergenic
ncRNAs; IncRNAs, long non-coding RNAs; miR, microRNA; MMP-2, matrix metalloproteinase-2; NPC, nasopharyngeal carcinoma; RCC, renal cell
carcinoma; SKIL, ski-oncogene-like; SNHGs, small nucleolar RNA host genes; rRNA, ribosomal RNA; tRNA, transfer RNA; ZEB1, zinc finger E-box-
binding homeobox 1; ZEB2, zinc finger E-box-binding homeobox 2.

IUBMB Life. 2021;73:825-842. wileyonlinelibrary.com/journal/iub © 2021 International Union of Biochemistry and Molecular Biology. | 825


https://orcid.org/0000-0001-9788-5105
https://orcid.org/0000-0002-2882-0612
mailto:r.mohammadinejad@kmu.ac.ir
mailto:ksahn@khu.ac.kr
http://wileyonlinelibrary.com/journal/iub
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fiub.2501&domain=pdf&date_stamp=2021-05-13

BIAGIONI ET AL.

&LW[ ]_Ey_ IUBMB LIFE

cancer, EMT, long non-coding RNAs, small nucleolar RNA host genes

‘ KEYWORDS

1 | INTRODUCTION

The class of non-coding transcripts comprises basically
three wide categories: the transfer RNA (tRNA) and the
ribosomal RNA (rRNA), which are elements of the transla-
tion machinery compartment, the small non-coding RNAs,
which comprise, short interfering RNAs (siRNAs), Piwi-
interacting RNAs (piRNAs), small nuclear and nucleolar
RNAs (snRNAs and snoRNAs) and extracellular RNAs
(exRNAs), and the long non-coding RNA (IncRNAs).'™
The latter is currently the main topic of several scientific
investigations as they are still poorly known, even though
they account for many cellular regulatory functions, and
their dysregulation is often associated with pathologic con-
ditions® such as degenerative diseases and cancers.®™

Recently, it has been proposed an alternative classifica-
tion of the large family of the IncRNA, although still not
widely used: the imprinted IncRNAs, controlling the expres-
sion of imprinted geneslo; the disease-associated IncRNAs,
correlated with particular pathological conditions'™3; the
pathogen-induced IncRNAs, secreted and modulated by
exogenous microorganisms'®; the bifunctional RNAs that
might be also translated into proteins'’; the molecular spon-
ges that interfere with the activity of miRNAs reducing their
cellular bioavailability'®; the circular RNAs (circRNAs)"7;
the large intergenic non-coding RNAs (lincRNAs), which
control gene expression through histone modifications.'®

Long non-coding small nucleolar RNA host genes
(Inc-SNHGs), the host genes for snoRNAs, are over-
expressed in human cancers. SNHGs are able to induce
proliferation, invasion, and metastasis."®*' Therefore,
they are to date an interesting topic of investigation in
order to propose as new anticancer therapies. Commonly,
snoRNAs are derived by only introns transcript while if
the transcript includes also exons, they will be defined as
SNHGs.'?** Moreover, it was reported a positive correla-
tion between a specific SNHG and its corresponding
snoRNA and is often associated with the aggressiveness
and the grade of progression of the disease.”*** Con-
versely, the inhibition of a target SNHG might down-
regulate also the expression of the corresponding
snoRNA, as reported by Yu et al. who described that p53
activation reduced the expression level of SNHG1
suppressing as well the level of SNORD22, SNORD25,
SNORD26, SNORD27, SNORD28, and SNORD75.%> How-
ever, an element that easily distinguishes between
snoRNAs and SNHGs is the cellular localization as the
former are only nuclear while the latter are both in
the nucleus and in the cytoplasm.’

To date were identified at least five different
SNHGs molecular action mechanisms: two associated
with a nuclear localization, where the SNHGs influ-
ence the DNA methylation and interact with transcrip-
tion factors and repressor influencing gene
transcription; three correlated with a cytoplasm locali-
zation, where they are reported to decrease the bio-
availability of miRNAs through a molecular sponging
activity, the repression of translation, and the preven-
tion of ubiquitination (Figure 1).° All the SNHGs exert
a crucial role in oncogenesis and cancer progression
through their ability to influence all three levels of cel-
lular information-bearing molecules, that is, DNA,
RNA, and proteins. The most popular and known
SNHGs are resumed in Table 1.2° The present review
aimed to explain the involvement of several important
SNHGs in tumor progression and also discusses the
relationship between SNHGs and miRNAs as modula-
tory arms in cancer management.

2 | SMALL NUCLEOLAR RNA
HOST GENES IN EMT PROCESS

Epithelial to mesenchymal transition (EMT) comprises
an intricate cascade of phenomena by which epithelial
cells lose their apicobasal polarity and acquire mesen-
chymal features including a fibroblastoid morphology
and a front-rear polarity.”’”*° EMT is a fundamental
process in development, organogenesis, tissue repairing,
cancer progression, and tumor metastasis.** ' Such
transition is commonly induced by external microenvi-
ronmental factors and it is described as a reversible pro-
cess, allowing cancer cells to evade regulated cell death,
and contributing to immunosuppression in early phases
while after dissemination they might revert to an epithe-
lial status.>?73* Indeed, EMT-induced cells demonstrate
enhanced migration, invasion, and frequently express
N-cadherin at the expense of E-cadherin reducing in
this way the intercellular adhesion.’”*’ Moreover, to
intricate an already debated and complex process, can-
cer cells are often reported to display different degrees
of EMT phenotypes.***!

As reported above, SNHGs exert multiple roles being
able to act as molecular sponges for several miRNAs
(Figure 2) or binding proteins modulating in that way
multiple biological processes, including the EMT in can-
cer.”® The known SNHGs in EMT are resumed in
Table 2.
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Glioma and

neuroblastoma * SNHG4, SNHG6, SNHG11, SNHG16, SNHG18

)

Head and neck

cancers *SNHG1, SNHG12, SNHG16

Breast cancer * SNHG1, SNHG3, SNHG6, SNHG7, SNHG15

Lung cancer

* SNHG3, SNHG4, SNHG6, SNHG7, SNHG11, SNHG12, SNHG15

Gastrointestinal
cancers

* SNHG1, SNHG3, SNHG4, SNHG5, SNHG6, SNHG7, SNHG8, SNHG10,
SNHG11, SNHG12, SNHG14, SNHG15, SNHG16, SNHG17, SNHG20

Urologic cancers * SNHG1, SNHG3, SNHG5, SNHG7, SNHG15, SNHG16

Prostate cancer * SNHG1, SNHG3, SNHG7, SNHG15, SNHG17

Gynecologic cancers

* SNHG1, SNHGS5, SNHG7, SNHG8, SNHG12, SNHG16, SNHG20

Osteosarcoma * SNHG1, SNHG7, SNHG16, SNHG20

*SNHG14

] DNA
] methylation
Epithelial- Repression
J Mesenchymal of gene
. transcription
} Transition Small
nucleolar
} RNA host
genes
} Sponging Stabilizing
. microRNAs '\ proteins
} ‘ Translation \
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FIGURE 1 SNHGs can function through different mechanisms including DNA methylation, transcription repression, translation

suppression, miRNAs sponging, and prevention of protein ubiquitination in cancers

TABLE 1 snoRNAs encoded by selected SNHGs

SNHGs snoRNAs Refs.
SNHG1 SNORD22, SNORD25, SNORD26, 151
SNORD27, SNORD28, SNORD29,
SNORD30, SNORD31
SNHG3 SNORA73A, SNORA73B 152
SNHG4 SNORA74A, SNORA74 152
SNHGS5 SNORDS50A, SNORD50B 153
SNHG7 SNORA17, SNORA43 154
SNHGS8 SNORA24 155
SNHG11 SNORA71E, SNORA39 156
SNHG12 SNORA44, SNORA61, SNORA16A, 157
SNORD99
SNHG14 SNORD116 158
SNHG15 SNORA9 159
SNHG16 snoRD1A, snoRD1B, snoRD1C 160
SNHG17 SNORA71A 161
2.1 | Glioma and neuroblastoma

Brain tumors are categorized as benign and malignant
tumors of which the latter characterized by a great aggres-
sive potency.**** SNHG1 was reported to be overexpressed
in invasive pituitary tumor tissues and cell lines promoting
cell proliferation, migration, invasion, and EMT via its
decoy capability toward miR-302/372/373/520 (miRNA-
pool) leading to the upregulation of TGFBR2 and

RAB11A.* It seems that the overexpression of SNHG16
coordinates with the EMT, invasion, and decline of sur-
vival rate in patients. In other words, SNHG16 knockdown
is paired with the enhancement of apoptotic cell death
and inhibition of tumor volumes in vivo.
SNHG16-mediated decrease of miR-20a-5p correlated with
malignancy of glioma.*> Another study demonstrated that
SNHG16 is able to upregulate the HNF4a via the inhibi-
tion of miR-542-3p in neuroblastoma, fueling in such a
way cell proliferation, migration, invasion, and the EMT
in vitro.** Moreover, it is established that SNHG6, 11 and
18 are upregulated in malignant glioma cells.*’~*° Besides,
the level of SNHGS6, 11, 16, and 18 are inversely correlated
with the miR-101-3p, miR-154-5p and miR-20a-5p levels.
It is noteworthy to mention that the level of SNHG6,
11, 16, and 18, and the level of miR-101-3p, miR-154-5p
and miR-20a-5p respectively, are inversely correlated with
the EMT, tumor volume, malignancy, and poor prognosis
in nude mice and patients. It is demonstrated that SNHG6
regulates tumorigenesis through the modulation of miR-
101-3p expression and SNHG16 enhances cell proliferation
through the increasing of E2F1 factor.*® Interestingly,
SNHG18, a IncRNA involved in radioresistance, inhibits
a-enolase nucleocytoplasmic transportation to promote
invasion and EMT via upregulating p-catenin, SNAIL,
SLUG, N-cadherin, and vimentin.*® In last, it is important
to note the role of SNHG4 in neuroblastoma as it was
reported to be positively correlated with the patients’ sur-
vival. Indeed, it represses neuroblastoma cell proliferation,
stimulates cell apoptosis in vivo and in vitro, and inhibits
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* miR-577, miR-101-3p,
miR-302, miR-372, miR-
373, miR-520, miR-145a-
5p, miR-382, miR-15b,
miR-140, miR-497, miR-

* miR-128
* miR-515-5p
* miR-577
* miR-186-5p

195-5p, miR-377-3p,
miR-137, miR-454

* miR-377-3p
* miR-98-5p
* miR-204-5p

* miR-26a-5p

Epithelial cells

I\ Mesenchymal cells

* miR-101-3p * miR-34a
* miR-26a-5p * miR-449a
¢ miR-26a * miR-216b
* miR-543 * miR-425

* miR-324-3p

Epithelial cells

* miR-149-5p

Epithelial cells * miR-326 « miR-5590-3p
* miR-320b * miR-145
* miR-218 * miR-32-5p
* miR-516a-5p * miR-92b-3p
* miR-152-3p

FIGURE 2

migration and invasion abilities paired with a block of the
EMT by the sponging of miR-377-3p.>°

2.2 | Head and neck cancers

Nasopharyngeal carcinoma (NPC), a type of epithelial
malignancy, is one of the most common head and neck
epithelial neoplasms.>>* Various studies have examined
IncRNA SNHGs effects and their mechanisms in the
development and aggressiveness of NPC. For example,
Lan et al.’' demonstrated that SNHG1 through silencing
of miR-145-5p increases the NUAK1 expression and
thereby enhances the invasion of NPC cells by AKT signal-
ing pathway and elicits EMT. In fact, they exhibited that
the SNHG1/miR-145-5p/NUAK]1 axis plays a critical role
in NPC and thus can be targeted for treatment. It was also
indicated that NPC metastasis is regulated by SNHG7, so
that knockdown of SNHG7 suppresses cell invasion and
cell migration of NPC and vice versa in NPC samples and
nude mice. Recent findings showed that SNHG7 promotes
NPC metastasis via eliciting the EMT process.>*

Moreover, SNHG12 is another modulating factor of
NPC cell proliferation, migration, and invasion. Over-
expression of SNHG12 was detected in both NPC tissues
and cell lines and is also significantly associated with
patients' poor prognosis. The data identified that the
silencing of SNHG12 resulted in inhibition of EMT activa-
tion and Notch-1 signal pathway.>* On the other hand, the
expression level of SNHG1 is upregulated in laryngeal

* miR-211-3p Mesenchymal cells

* miR-338-3p

* miR-542-3p, miR-20a-5p,
miR-140-5p, miR let-7b-
5p, miR-605-3p, miR-
4500, miR-128, miR-216-
5p, miR-488, miR-17-5p

Mesenchymal cells

SNHGs can sponge miRNAs to induce EMT in cancer cells

carcinoma tissues and HEp-2 cells. Laryngeal carcinoma is
comprised of ~25% of malignancy in head and neck can-
cers of which the most popular ones are laryngeal squa-
mous cell carcinoma. It was demonstrated that SNHG1
upregulation significantly occurs in laryngeal carcinoma
tissues rather than that in para-carcinoma tissues. The
SNHG1 silencing suppresses cell proliferation, invasion,
and metastasis, and activates apoptosis in HEp-2 cells.
Reduced SNHG1 expression suppresses the invasion and
migration of HEp-2 cells by suppressing the EMT and
expressions of matrix metalloproteinase-2 (MMP-2) and
MMP-9 in cells.”®> A relatively uncommon malignant
tumor affecting the head and neck regions is the oral squa-
mous cell carcinoma characterized by a poor overall
5-year survival rate®® Among several abnormally
expressed IncRNAs, SNHG12 is often detected as an over-
expressed IncRNA in this tumor and it was reported to
regulate cell proliferation, migration, invasion, and EMT
process via miR-326.” SNHG16 is another IncRNA closely
associated with oral squamous carcinoma and its expres-
sion is correlated with c-Myc. It was reported to induce
PCNA, MMP-2, MMP-9, E-cadherin along with reduction
of N-cadherin and Snail starting the EMT induction.>®

2.3 | Breast cancer

Breast cancer is to date considered the most frequent can-
cer in women.”>®® Therefore, finding the involved molec-
ular mechanisms in its pathology to design an effective
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TABLE 2

Cancer type

Osteosarcoma

Osteosarcoma

Osteosarcoma
Osteosarcoma
Osteosarcoma
Oral squamous cell

carcinoma

Oral squamous cell
carcinoma

Oral squamous cell
carcinoma

Pancreatic cancer

Diffuse large B-cell
lymphoma

Diffuse large B-cell
lymphoma

Neuroblastoma

Neuroblastoma

Pituitary tumor

Glioma

Glioma

Glioma

Nasopharyngeal
carcinoma

The roles of SNHGs in EMT process

Cell line/animal model

MG63 and U20S cell lines,
Nude mice

MG63, U208, and SaOS2 cell
lines

MG63 and SaOS2 cell lines

U20S, HOS

MG63, U208, Sa0S2, and HOS
cell lines

CAL-27, SCC9, SCC-25

NHOK, SCC-25, CAL-27

CAL27, TCAS8113, OEC-M1,
TW2.6

Human normal pancreatic cell
line (HPDES), pancreatic cell
lines (BXPC3, CAPANI,
PANC1, SW1990

A20, OCI-Ly7, DB, U2932, and
FARAGE cell lines

OCI-Ly7, OCI-Ly3

SH-SY5Y and IMR-32 cell lines

(SKNBE-2, SK-N-SH, NHOK

GH1 and RC-4B/C

U87, U251, LN229, T98G,
HEK293T

U87, U251, U343, HEB

MO059J, M059K, U87

HEK293T, N69, CNE, HNE-1

SNHGs
SNHG1

SNHG1

SNHG7

SNHG16

SNHG20

SNHG12

SNHG16

SNHG16

SNHG12

SNHG14

SNHG14

SNHG4

SNHG16

SNHG1

SNHG6

SNHG11

SNHG18

SNHG1

Molecular mechanism of
action and regulated
signaling pathways

Sponging miRNAs and
activation of WNT2B/Wnt/
f-catenin signaling

Sponging miRNAs and
enhancing the expression of
ROCK1

Sponging miRNAs and
regulation of TGF-p

Sponging miRNAs and
upregulating ITGA6

Regulating Vimentin, ZEB1,
ZEB2, and E-cadherin

Sponging miRNAs and
regulating E2F1

Promoting cancer progression
and carcinogenesis

Sponging miRNAs and
regulating CCND1

Sponging miRNAs and
contributing cancer
proliferation and invasion

Sponging miRNAs and
upregulating ZEB1

Sponging miRNAs and
promoting oncogenesis and
immune evasion

Sponging miRNAs and
promoting cancer
proliferation, migration, and
invasion

Sponging miRNAs and
regulating HNF4a axis via
RAS/RAF/MEK/ERK
pathway

Sponging miRNAs and
activating the TGFBR2/
SMAD?3 pathway and
RAB11A/Wnt/f-catenin
signaling

Sponging miRNAs and
promoting tumorigenesis

Sponging miRNAs and
promoting cell proliferation,
invasion and migration

Disruption of a-enolase
nucleocytoplasmic transport

Sponging miRNAs and
downregulation of NUAK1

Targeted miRNAs
miR-577

miR-101-3p

miR-34a

miR-488

miR-326

miR-17-5p

miR-320b

miR-5590-3p

miR-152-3p

miR-377-3p

miR-542-3p

miR-302, miR-372,

wsmB LIFE_W I LEY-_L®®

Refs.
145

146

147

162

148

57

58

163

120

150

164

50

46

44

miR-373, miR-520

miR-101-3p

miR-154-5p

miR-145a-5p

48

47

49

51

(Continues)
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TABLE 2

Cancer type

Nasopharyngeal
carcinoma

Laryngeal
squamous cell
carcinoma

Breast cancer

Breast cancer

Breast cancer

Breast cancer

Breast cancer

Breast cancer

Non-small cell lung
cancer

Lung cancer

Lung
adenocarcinoma

Non-small cell lung
cancer

Non-small cell lung
cancer

Lung cancer

Non-small cell lung
cancer

Non-small cell lung
cancer

Gastric cancer

Gastric cancer

Gastric cancer

Gastric cancer

BIAGIONI ET AL.

(Continued)

Cell line/animal model

SUNE1, CNE1, CNE2 68, HNE-
1

HEp-2

MCF-7, MCF-10a, MDA-MB-
231, ZR-75-30, MDA-MB-453

MCEF-7, MDA-MB-231

MCF-7, SK-BR-3, MDA-MB-
231, BT-549

MCF7, SK-BR-3, MDA-MB-231

MCF-7, MDA-MB-157, MDA-
MB-231, MDA-MB-435

MCF-7, MDAMB-231, MCF-
10a, BT-20, ZR-75-1

CMT-167, LLC, CMT-170, and
CMT-181

SK-MES-1, NCI-H520, NCI-
H1437, NCI-H1975, NCI-
H2170

H460, H1299, NCI-H358, NCI-
H1650, A549, HCC827

A549, H1299

A549, HCC827, PC-9, NCI-H23,
NCI-H1975

A549, H1299, H460, SPCA1

A549, H1299

A549

GES-1, N87, SGC7901, MKN-28

SGC-7901, HGC-27, MKN-1,
MKN-28

SNU719, AGS, HGC-27

BGC-823, SGC-7901, MGC-803,
AGS

SNHGs
SNHG12

SNHG1

SNHG1

SNHG3

SNHG6

SNHG6

SNHG7

SNHG15

SNHG3

SNHG4

SNHG6

SNHG7

SNHG11

SNHG11

SNHG12

SNHG15

SNHG1

SNHG1

SNHG4

SNHG6

Molecular mechanism of
action and regulated
signaling pathways

Modulating notch signaling
pathway

Promoting proliferation and
metastasis

Sponging miRNAs and
promoting proliferation and
invasion

Sponging miRNAs and
regulating ZEB1

Sponging miRNAs and
regulating LAMC1

Promoting cell cycle
progression

Sponging miRNAs and
regulating Notch-1 pathway

Sponging miRNAs and
promoting proliferation,
migration, and invasion

Activating TGF-p pathway and
IL-6/JAK2/STAT3 signaling

Sponging miRNAs and
promoting the proliferation,
migration, and invasiveness

Sponging miRNAs and
regulating E2F7 expression

Sponging miRNAs and
regulating TGIF2 axis

Sponging miRNAs and
targeting BSG axis

Activation of Wnt/p-catenin
signaling pathway

Sponging miRNAs and
regulating Slug/ZEB2
signaling pathway

Promoting cell proliferation and
invasion

Sponging miRNAs and
regulation of the DCLK1/
Notchl axis

Sponging miRNAs and
regulation of the ADAM10
axis

Sponging miRNAs and
promotes cell proliferation,
migration, and invasion

Sponging miRNAs and
silencing p27

Targeted miRNAs

miR-382

miR-186-5p

miR-543

miR-34a

miR-211-3p

miR-98-5p

miR-26a-5p

miR-449a

miR-485-5p

miR-218

miR-15b

miR-140

miR-204-5p

miR-101-3p

Refs.
52

55

64

165

166

65

66

67

76

77

78

79

80

81

82

83

86

87

167

88
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TABLE 2

Cancer type

Gastric cancer

Gastric cancer

Gastric cancer

Gastric cancer

Gastric cancer

Esophageal
squamous cell
cancer

Esophageal
squamous cell
carcinoma

Esophagus cancer
cell

Esophageal
squamous cell
carcinoma

Colorectal cancer

Colorectal cancer

Colorectal cancer

Colorectal cancer

Colorectal cancer

Colorectal cancer

Colorectal cancer

Colon cancer

Hepatocellular
carcinoma

Hepatocellular
carcinoma

Hepatocellular
carcinoma

(Continued)

Cell line/animal model

MKN-45, SGC7901, N87

MKN-45, SGC7901

GES-, BGC-823, SGC-7901,
HGC-27

HGC-27, AGS
BGC(C823, SGC-7901, MKN45

Ecal09 and TE-1

KYSE150, KYSE410, KYSE450,
EC109, EC9706

ecal09, EC9706, TE1, Kyse-30,
Kyse-70

(KYSE450, KYSE150, EC9706,
and EC109

Lovo, HCT116, SW480,
CaCO0-2, and HT29

SW480, SW620, HCT8, and HT-
29

LoVo, RKO, HT29, HCT116,
CaC0Oz2, SW480, SW620

SW480, SW620, LOVO, and
HCT-116

LoVo, RKO, SW480, HT-29

HT-29, HCT-116, Caco-2,
SW480, and SW62

LoVo, SW620, SW480, HCT116
and HT-29

HEK-293 T, SW1116, HCT116,
SW480, SW620

Huh-7 and HCCLM3

MHCC97L, Hep3B, HepG2,
Huh7, SMMC-7721,
PLC/PRF/5, HCCLM3

MHCC-97 L, MHCC-97H,
HepG2, Hep3B, SMCC-7721,
Huh7

SNHGs
SNHG7

SNHG11

SNHG14

SNHG16

SNHG20

SNHG1

SNHG12

SNHG16

SNHG20

SNHG1

SNHG6

SNHG6

SNHG7

SNHG14

SNHG14

SNHG14

SNHG15

SNHG1

SNHG3

SNHG5

Molecular mechanism of

action and regulated

signaling pathways

Sponging miRNAs and
regulating Snail-EMT axis

Sponging miRNAs and
activating Wnt/f-catenin
pathway and oncogenic
autophagy

Sponging miRNAs and
targeting SOX9 axis

Downregulation of DKK3

Regulating the GSK-38/
fB-catenin signaling and
inhibiting p21 expression

Regulating notch signaling

Regulation of BMI1 and
CTNNB1

Sponging miRNAs and
regulating ZEB1

Modulating ATM-JAK-PD-L1
pathway

Sponging miRNAs

Sponging miRNAs and
regulating EZH?2 axis

Targeting UPF1 and regulation
of ZEB1

Sponging miRNAs and
upregulating GALNT1

Sponging miRNAs and
regulating SKIL axis

Sponging miRNAs

Targeting EZH2-regulated
EPHA7

Interacting with Slug

Sponging miRNAs and
regulating E-cadherin, N-
cadherin, and Vimentin

Sponging miRNAs and
modulating the CD151
pathway

Sponging miRNAs and
regulating GSK3f signal
pathway

Targeted miRNAs
miR-34a

miR-483-3p/miR-

1,276

miR-145

miR-140-5p

miR-497, miR-
195-5p

miR-26a

miR-216b

miR-32-5p

miR-92b-3p

miR-377-3p

miR-128

miR-26a-5p
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Refs.
89

168

90

91

92

93

95

169

94

170

171

97

98

100

101

102

96

107

108

109

(Continues)
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TABLE 2

Cancer type

Hepatocellular
carcinoma

Hepatic carcinoma

Hepatocellular
carcinoma

Hepatocellular
carcinoma

Hepatocellular
carcinoma

Hepatocellular
carcinoma

Hepatocellular
carcinoma

Hepatocellular
carcinoma

Hepatocellular
carcinoma

Hepatocellular
carcinoma

Renal cell
carcinoma

Renal cell
carcinoma

Renal cell
carcinoma
Bladder cancer
Bladder cancer
Bladder cancer

Prostate cancer

Prostate cancer

Prostate cancer

Prostate cancer

Prostate cancer

BIAGIONI ET AL.

(Continued)

Cell line/animal model

Huh7, Hep3B, HepG2, QGY-
7701, MHCC97L, HCCLM9

HepG2, HCC-LM3

SK-hepl, HepG2, LO2, Huhé,
Huh?7, PLC5

Hep3B, SNU-182, SNU-387,
Huh-7, SK-Hepl

HepG2, Hep3B, Huh-7,
SMMC7721

MHCC97H, HuH7, SMMC7721,
Hep3B, HepG2

HCCLM3, MHCC97L, MHCC-
97H

SMMC-7721, L02, MHCC-97H,
HepG2

Huh-7, HepG2, SMCC7721,
LO2, SK-hepl

MHCC97L, SMCC7721,
MHCC97H and Huh-7

A-498, ACHN, 786-0, Caki-1

ACHN, 786-0, A498, SN12-PM6

ACHN, OSRC-2, 786-0, 769-P,
CAKI-1

5,637, T24

T24, J82 and SW780

UM-UC-3,SW 780

DU145, PC-3, 22RV1, LNCaP,
and C4-2

RWPE-1, PC3, DU145, 22RV1
and LNCaP

RWPE, LNCaP, PC-3 and Du-
145

RWPE, LNCaP, DU145, PC3

RWPE-1, DU145, LNCaP,
VCaP, PC-3

SNHGs
SNHG6

SNHG7

SNHGS

SNHG10

SNHG12

SNHG16

SNHG16

SNHG16

SNHG17

SNHG20

SNHG1

SNHG5

SNHG15

SNHG3

SNHG7

SNHG16

SNHG1

SNHG3

SNHG7

SNHG15

SNHG17

Molecular mechanism of
action and regulated
signaling pathways

Sponging miRNAs and
regulating ZEB1 expression
by interacting with UPF1

Sponging miRNAs and
regulating Wnt/p-catenin
signaling pathway

Sponging miRNAs and
promoting tumorigenesis and
metastasis

Modulating SCARNA13

Sponging miRNAs and
targeting HEG1
Sponging miRNAs and
regulating CDC25B and
HMGA2 expression
Sponging miRNAs and
regulating TRAF6/NF-kB
Sponging miRNAs and
targeting STAT3
Sponging miRNAs and
upregulating RFX1

Promoting cell invasion

Sponging miRNAs and
promotes cancer progression
and metastasis

Sponging miRNAs and
targeting ZEB1

Regulating the NF-«B signaling
pathway

Sponging miRNAs and
regulating GINS2 axis

Regulating proliferation and
invasion

Regulating invasion and
migration

Form a complex with hnRNPL
and coregulating CDH1

Sponging miRNAs and
upregulating SMURF1
expression

Sponging miRNAs and
regulating WNT2B axis

Sponging miRNAs and
regulating FKBP1A axis

Regulating SNORA71B

Targeted miRNAs Refs.

miR-101-3p 110
miR-425 112
miR-149-5p 113
= 114
miR-516a-5p 172
Let-7b-5p 115
miR-605-3p 116
miR-4,500 117
miR-3,180-3p 173
= 118
miR-137 124
miR-205-5p 121
— 122
miR-515-5p 128
— 126
— 127

174
miR-577 132
miR-324-3p 135
miR-338-3p 134
— 133
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TABLE 2 (Continued)

Cancer type Cell line/animal model SNHGs

Cervical cancer Cancer cell lines SNHG5

Cervical cancer HeLa, C-33A SNHG7

Cervical cancer CaSki and SiHa SNHG12

Cervical cancer Endl/E6E7 SNHG16

Cervical cancer HeLa, CaSki, SiHa, C33A SNHG16

Ovarian cancer A2780, OCC1, H8710, SK-OV3 SNHG1

Ovarian carcinoma IOSE25, CAOV-3, SKOV-3, ES2 SNHG1
A2780

Ovarian carcinoma SKOV3, 62 ES2, CaOV3, HG- SNHGS
SOC

Ovarian cancer OVCAR3, SKOV3, A2780, and SNHG20
CAOV-3

medication is of fundamental importance.®’® To reach
this goal, some studies have focused on the role of
SNHGs and miRNAs as the progressive and suppressor
tumor biomolecules. For example, it was demonstrated
that the level of SNHG1, 7 and 15 increased in breast can-
cer patients and cells in good agreement with the cancer
invasion, poorer patient survival, cell proliferation, col-
ony formation, and EMT. In other words, it is indicated
that the knockdown of these SNHGs is correlated with
the less EMT (upregulation of E-cadherin and down-
regulation of N-cadherin, vimentin, and ZEB1) and
breast tumor growth.®*%’

In fact, SNHGI1, 6, 7, and 15 promote breast cancer
sponging and thus inhibiting, miR-382-5p, miR-34a, and
miR-211-3p, respectively. There is an important point in
this regard related to the prominent role of miR-382-5p
on SNHG1; in the presence of si-SNHG1 and miR-211-3p
inhibitors, cells proliferate, migrate, and invade same as
the presence of SNHG1 and miR-211-3p inhibitors abol-
ish the function of si-SNHG1.%* Meanwhile, the level of
SNHGs is parallel to the tumor size, lymph nodes metas-
tasis, and cancer pathological stage.®’ Interestingly, stud-
ies showed that knockdown of SNHGs led to apoptosis
(cleaved caspase3 and BAX), however, apoptosis may
trigger pro-oncogenes in cancers, as well. Therefore, apo-
ptosis may acts as a double-edged knife, from one side it
decreases cell proliferation and from the other side,

wsmB LIFE_W ] LEY-_L%

Molecular mechanism of
action and regulated

signaling pathways Targeted miRNAs Refs.

Sponging miRNAs and miR-132 175
regulating SOX4 pathway

Promoting cell proliferation, — 136
invasion, and prognosis

Regulating ERK/Slug pathway = 137

Sponging miRNAs and miR-128 176
modulating WNT/B-catenin
pathway

Sponging miRNAs and miR-216-5p 139
regulating ZEB1 signal
pathway

Sponging miRNAs and miR-454 177
increasing ZEBlexpression
and activating Akt signaling

Regulating matrix — 141
metalloproteinases

Activating Wnt/p-catenin — 142
pathway

Sponging miRNAs and miR-338-3p 178

regulating MCL1 expression

it may provoke pro-oncogenes. Notwithstanding, despite
the enhancement of apoptosis in vitro and the possibility
of pro-oncogene activation, patient survival enhanced in
the case with lower levels of SNHGs.®” However, the pro-
oncogenic role of Notch-1 and Survivin in the
SNHG7-miR-34a axis should be under consideration.®®

24 | Lung cancer
Lung cancer is considered the first lethal cancer in the
world. The 5-year survival rate of lung cancer is merely
around 10-15%.°®%° As reported by the conventional
pathological classification, lung cancer can be mainly
divided into non-small cell lung cancer (NSCLC) and
small cell lung cancer (SCLC). NSCLC is an intractable
cancer and accounts for about 80% of lung cancers.”®"”?
IncRNAs are significant contributors to the regulatory
mechanism of cancers®®”* and they attended as both
therapeutic and prognostic targets for the cancer treat-
ment.”*”> SNHG3 activated by E2F1 promotes cell prolif-
eration and migration in NSCLC via TGF-f and IL-6/
JAK2/STAT3 pathways.”® SNHG4 acts as a sponge of
miR-98-5p, promotes proliferation, migration, invasion,
and EMT of lung cancer cells in in vivo studies.”” SNHG6
may act as an oncogenic IncRNA in lung adenocarci-
noma carcinogenesis by regulating the miR-26a-5p/E2F7
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axis.”® SNHG7 regulates cell progression in NSCLC by
targeting the miR-449a/TGIF2 axis. On the other hand,
the depletion of SNHG7 inhibits tumor growth in vitro
and in vivo.” Overexpression of SNHG11 in NSCLC
increases growth, migration, and EMT and acts as a miR-
485-5p sponge to upregulate target to Basigin (BSG).*
Also, SNHG11 operates via Wnt/p-catenin signaling path-
way in which it is activated through SNHG11/miR-
4436a/CTNNB1 ceRNA axis.®’ SNHG12 downregulates
miR-218 and upregulates Slug/ZEB2 (zinc finger E-box-
binding homeobox 2) EMT signaling pathway and thus
activates cell migration and invasion.*” Knocking down
of SNHG15 in A549 cells can inhibit cell proliferation,
invasion, and metastasis, and promote apoptosis.*> All
and all, in sum, SNHG may serve as a critical biomarker
and a potential therapeutic target for the treatment of
NSCLC.

2.5 | Gastrointestinal cancers

2,51 | Stomach cancers

Gastric cancer (GC), which is known as the fifth common
malignant disease and also with the reputation of second
leading cancer-related death worldwide, has only about
20% survival rate for 5 years.**®° IncRNAs play an impor-
tant role in regulating gene expression and their dys-
regulation leads to tumorigenesis and metastasis.

During the progression of GC, miR-15b can be consid-
ered to act as a suppressor, however, DCLK1/Notchl
affects the EMT process and cell migration through the
modulation of miR-15b, and SNHGI1 regulates this micro
RNA in GC.*® In addition, proliferation and invasion of
GC cells are promoted by SNHG1 via modulating the
miR-140/ADAM10 axis.?” Furthermore, at a post-
transcriptional level, SNHG6 acts as an oncogene
through regulating miR-101-3p/ZEB1 and silencing at a
transcriptional level by recruiting enhancers of zeste
homolog 2 (EZH2) for the promoter of p27.*® Based on
in vitro studies, downregulation of miR-34a is due to the
attachment of SNHG7 that leads to enhancement of GC
cell migration and invasion through the miR-34a-Snail-
EMT axis.*

It was also indicated that the GC progression may be
promoted through the upregulation of SNHG14 by the
targeting of the miR-145/SOX9 axis and involvement of
PI3 K/AKT/mTOR pathway.”® Moreover, SNHG16 pro-
motes EMT transition in GC through the DKK3 down-
regulation.91 SNHG20 activates the EMT process, which
results in controlling GC cell invasion and also through-
out its epigenetic silencing of the p21 and E-cadherin
expression. SNHG20 mediates the oncogenic effects,

which occur by binding with EZH2, and regulates the
GSK-3p/pcatenin signaling pathway.’* In an overall view,
SNHGs can be a candidate for prognostic biomarkers and
a target for new therapies in GC patients.

2.5.2 | Esophageal cancer
Noteworthy, SNHGs have an important role in esopha-
geal cancer as well. For example, SNHG1, 12, 16, and
20 are responsible for cancer progression in part through
the Notch, BMI1-CTNNBI1, ZEB1, ATM-JAK-PD-L1 sig-
naling pathways, respectively.”%39°

2.5.3 | Colorectal cancer

Colorectal cancer (CRC), which arises from the epithe-
lium mucous or gland of the colorectum, is the third
most commonly diagnosed malignancy, and it is also
known as the fourth most common cause of cancer-
related death. Every year over 1.2 million patients are
diagnosed with colon cancer worldwide, and it is known
as the fourth most common cause of cancer-related
death. SNHG15 promotes cancer cell survival, invasion,
and metastasis through interaction with the Slug's C-
terminal zinc finger domain.”®

It is revealed that in CRC, SNHG6, and EZH2 tran-
scripts are upregulated; meanwhile, miR-26a is down-
regulated in such tissues and cell lines. Furthermore,
SNHG6 sponges miR-26a and regulates EZH2 expression,
which results in the progress of the migration, invasion,
and EMT in CRC cells. Moreover, it may target UPF1
and induces EMT via miR-101-3p, which regulates ZEB1,
which results in activating TGF-/Smad signaling path-
way.”” Also, cell proliferation and metastasis were pro-
moted by overexpressed SNHG7 in vitro and in vivo,
suggesting that SNHG?7 exhibits oncogenic properties par-
tially through the SNHG7/miR-216b/GALNT1 axis in
CRC progression.”® In patients, SNHG11 plays a pro-
tumorigenic role via enhancing cell growth, migration,
and invasion.”

There are conflicting data about SNHG14: in one
study, SNHG14 positively correlated ski-oncogene-like
(SKIL) expression, which caused miR-32-5p/SKIL axis to
sponge miR-32-5p, resulting in promotion in tumor
metastasis in CRC.'® In another research, forced expres-
sion of SNHG14 suppressed miR-92b-3p expression
resulting in restriction of cell proliferation and EMT.'*
Furthermore, another study also suggests that SNHG14
recruits FUS and absorbing miR-186-5p, which inhibits
EPHA7 by upregulating EZH2.'%* All in all, it can be con-
cluded from the noted studies that SNHGs serve as a
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decisive factor for human progressing CRC modulation,
diagnosis, and treatment.

2.5.4 | Liver cancer

Hepatocellular carcinoma (HCC) is established as the
fifth most pervasive malignancy worldwide.'**'* The 5--
year overall survival rate of patients with HCC is less
than 30%.'°>'°° SNHG1 was upregulated in HCC tissues
and cells and progressed metastasis by sponging miR-
377-3p."7 1t is revealed that SNHG3 promotes invasion
via regulating the EMT by miR128/CD151/Akt/PI3K
feedback loop signaling.'®® Moreover, it is indicated that
SNHG5 directly binds to miR-26a-5p and regulates
GSK3p expression.'®® SNHG6 activates the TGF-bl/Smad
signaling pathway, which leads to EMT. SNHG®6 also pro-
motes ZEB1 expression by competitively binding miR-
101-3p and increments Smad7 expression by directly
binding UPF1. The upregulation of ZEB1 and down-
regulation of Smad7 induce EMT, ultimately leading to
HCC invasion and metastasis.""

One of the classical signaling pathways in the regula-
tion process of cell proliferation, differentiation, and tumor-
igenesis is Wnt/p-catenin, which is a classical signaling
pathway.''! Studies revealed that SNHG7 could promote
proliferation and metastasis of HCC in vitro and in vivo
through Wnt/p-catenin/EMT pathway as a miR-425
sponge.''? SNHGS increased proliferation and metastasis
in vivo and in vitro through sponge miR-149 and caused an
increment of PPM1F and HCC tumorigenesis."'> SNHG10
regulates SCARNA13 expression via miR-150-5p/RPL4-c-
Myb-positive feedback loop and SCARNA13 applies its
oncogenic property by modulating SOX9 in HCC.'*
SNHGI16, through its direct action on the let-7b-5p/
CDC25B/ CDK1 axis, promotes the G2/M cell cycle transi-
tion and induces cell metastasis and EMT progression by
regulating the let-7b-5p/HMGA?2 axis in HCC.""> SNHG16
represses HCC metastasis, EMT and NF-kB activation by
interacting with miR-605-3p in vitro and in vivo.''
SNHG16 promotes tumorigenesis and HCC development
via sponging miR-4500 and targeting STAT3 expression.'"”
In patients, SNHG20 mediates tumorigenesis effects on
HCC cells throughout the regulation of E-cadherin expres-
sion via interacting with EZH2.''®

2.5.5 | Pancreatic cancer

Pancreatic adenocarcinoma is to date the second leading
cause of cancer-related death being often diagnosed in
advanced stages when surgery and chemo/radiotherapies
are useless."'® SNHG12 was reported by Cao et al to be
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expressed in pancreatic cancer tissues and cell lines trig-
gering the EMT process by enhancing cell growth and
invasion via the absorption of miR-320b."*°

2.6 | Urologic cancers

2.6.1 | Kidney cancer

Renal cell carcinoma (RCC) is one of the most popular
malignant urogenital cancers with a high mortality rate
per year and 5-year survival of <40%.'*''%* Several stud-
ies demonstrated that the IncRNA SNHGs function as
the important regulators in the development of
tumorigenesis.'**'?

SNHGI1 acts as a ceRNA to antagonize the effect of
miR-137 and elicit RCC progression and metastasis. The
overexpression of SNHG1 also predicts the poor progno-
sis of RCC. Moreover, reduced SNHGI1 expression
inhibited the proliferation, invasion, and EMT capacity
in RCC through regulating miR-137."** SNHGS5 also func-
tions as an oncogene in clear cell renal cell carcinoma
(ccRCC) by SNHG5/miR-205-5p/ZEB1 signaling axis.
Actually, SNHG5 in a miR-205-5p-dependent manner
targets ZEBI, a critical modulator of EMT, activates cell
proliferation, migration, and invasion in ccRCC, in vitro
and in vivo.'*! Meanwhile, SNHG15 silencing inhibited
RCC invasion, migration, and EMT through modulating
the nuclear factor-kB signaling pathway.'**

2.6.2 | Bladder cancer

Bladder cancer (BCa) is the most common malignant
tumor of the urinary system. Noteworthy, IncRNA
SNHGs also function a critical role in the progress and
metastasis of bladder cancer.'”*"'*® It was identified that
the SNHG3 overexpression in bladder cancer tissues sig-
nificantly correlated with poor clinical prognosis. SNHG3
positively enhanced the proliferation, migration, inva-
sion, and EMT process of BCa cells by miR-515-5p/
GINS2 axis, in vitro and in vivo. Evidently, SNHG3
sponge miR-515-5p under a ceRNA mechanism, which
leads to GINS2 upregulation.'*® SNHG7 expression was
also upregulated in bladder cancer tissues and cells. How-
ever, SNHG7 knockdown suppresses cell proliferation
and invasion while promoting apoptosis; it also resulted
in the upregulation of E-cadherin and downregulation of
N-cadherin, Vimentin, and Snail.*?® Furthermore, find-
ings indicated the overexpression of SNHG16 in TGF-
B-induced BCa cells and BCa tissues. Mechanistically,
SNHG16 induced EMT through miR-200a-3p/ ZEB1/
ZEB2 axis.'”’
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2.7 | Prostate cancer

Prostate cancer is the second lethal cancer in men.'*
However, there are some strategies to cure or inhibit its
progression such as surgery, cryotherapy, radiotherapy,
chemotherapy, and high-intensity focused ultrasound
therapy.'*>"*! The same as other cancer, some SNHGs
are overexpressed in prostate cancer and modulate the
invasion of cancer such as SNHG3, 7, 15, and 17.13%!%3
These SNHGs have some binding sites for miRNAs and
both of them negatively influence their overexpression.

It is demonstrated that SNHG3, 7, and 15 sponge
miR-577, miR-324-3p, and miR-338-3p, respec-
tively."*>'**13% 1 et al. disclosed that SNHG3 through
binding to miR-577 decline EMT and cell proliferation
and enhance apoptosis in prostate cancer cells. In other
words, SNHG3 negatively and positively affects the over-
expression of miR-577 and SMURF-1 and vice versa the
overexpression of SMURF-1 reverses the knock-downed
SNHG3 function.'*? Moreover, others demonstrated that
SNHG7 through the sponging of miR-324-3p positively
regulates WNT2B and thereby modulates EMT, migra-
tion, and invasion of prostate cancer cells."*> Zhang et al.
revealed that SNHG15 can act as a competing endoge-
nous RNA for the regulation of miR-338-3p and FKBP
prolyl isomerase 1A (FKBP1A) to exert its invasive and
oncogenic behaviors."** However, signal transducer
and activator of transcription 5A (STATS5A) activates
SNHG17 leading to SNORA71B transactivation via a pos-
itive feedback loop to exert its invasive potential.'**

2.8 | Gynecologic cancers

2.8.1 | Cervical cancer
Cervical cancer (CC) is one of the most common gyneco-
logical malignancies worldwide.'**'*® LncRNA SNHGs
function as tumor promoters in many cancers. For exam-
ple, SNHG?7 is significantly upregulated in cervical cancer
tissues and promoted cell proliferation and invasion.
However, SNHG7 knockdown led to the upregulation of
E-cadherin, and downregulation of N-cadherin and
Vimentin.'** SNHG12 overexpression has been also
reported in cervical squamous cell carcinoma (CSCC).
SNHG12 upregulation may be caused by human
papillomavirus (HPV) type 16 E6 and E7 oncogene via
regulating the transcription factor of c-Myc. Moreover,
SNHG12 induced EMT partly via ERK/Slug/E-cadherin
pathway.'*’

The overexpression of SNHG16 was also identified in
CC tissues and cell lines. Meanwhile, SNHG16 silencing
suppressed proliferation and EMT through modulating

apoptosis and cell cycle. SNHG16/miR-128 axis regulates
the malignant phenotype of CC cells mediated by Wnt/p-
catenin pathway.'*® SNHG16 was also overexpressed in
cervical cancer tissues and cell lines. SNHG16 acts as an
oncogene by sponging miR-216-5p. Data reported that
SNHG16 promoted the tumorigenesis and progression in
CC through the miR-216A-5p/ZEB1 axis and provides a
potential therapeutic option against CC."*

2.8.2 | Ovarian cancer

Ovarian cancer is the third most common gynecologic
malignant tumor.'*'"'** IncRNA SNHGs have been con-
firmed as critical regulators in tumorigenesis. For
instance, the upregulation of SNHG1 was detected in
ovarian carcinoma tissues and cells. However, SNHG1
silencing suppresses the SKOV-3 cells proliferation, inva-
sion, and metastasis underlying the mechanism of
inhibiting the EMT and reducing the MMPs expres-
sions.’*' SNHGS also promotes cell proliferation, migra-
tion, EMT process, and stemness of ovarian carcinoma
through activation of Wnt/p-catenin pathway. SNHG8
positively regulates CAPRIN1 through binding to it. In
addition, CTNNB1 and Axinl showed a binding affinity
to CAPRIN1. Therefore, CTNNBI (or Axinl) expression
or Wnt/p-catenin pathway induction resulted in the
upregulation of SNHGS.'*

2.9 | Osteosarcoma

Osteosarcoma is a relatively rare malignant bone tumor,
associated with young ages, which commonly occurs in
the long bones of legs and arms.'"** SNHG1 was found
upregulated in this kind of tumor and its expression is
closely correlated with tumor size, TNM stage, and
lymph node metastasis, promoting cell proliferation,
migration, and the EMT process through miR-577, which
acts as a ceRNA of SNHGI1. Indeed, miR-577 targeted
WNT2B, which in turn activates Wnt/p-catenin path-
way.'*® EMT program might be also triggered through
the SNHG1-mediated suppression of miR-101-3p, which
physiologically regulates the expression of Rho-associated
coiled-coil-containing protein kinase 1 (ROCK1)."*¢
SNHG7 acts as an oncogene in osteosarcomas promoting
cancer cell proliferation and inhibiting apoptosis by
decoying miR-34a in MG63 and SaOS2 cell lines.'*’
Knockdown of SNHG7 leads to block TGF-B-induced
EMT, inducing apoptosis and G1/S arrest as well.
SNHG20 is another IncRNA reported to be overexpressed
in osteosarcomas activating EMT via the modulation of
Vimentin, ZEB1, ZEB2, and E-Cadherin.'*®
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2.10 | Diffuse large B-cell lymphoma
Diffuse large B cell lymphoma is a lymphoid neoplasia
and the most common form of non-Hodgkin lymphoma
among adults."* SNHG14 was observed by Zhao L. et al
to be upregulated in diffuse large B cell lymphoma cell
lines and samples.'*° Its inhibition caused a slowdown in
cell proliferation and blocked migration and EMT.
Indeed, it acts by sponging and thus inactivating miR-
5590-3p, which is responsible for the upregulation
of ZEB1.

3 | CONCLUSION

Overexpressed SNHGs sponging miRNAs or binding pro-
teins modulate EMT in cancer. Here, we aimed to high-
light how SNHGs exert pleiotropic effects, acting on
several cancer-related axes, and often stimulating the
EMT phenomenon. Such induction is associated with an
obvious increase in the malignancy properties leading to
cancer progression and metastasis. However, several
molecular mechanisms are still not completely clear and
require focusing the attention of current scientific
research. Being capable to induce such a cascade of
events, SNHGs are the perfect targets for new anticancer
therapies based on both antagonist peptides and interfer-
ing RNA. Knockdown of SNHGs increasing the level of
sponged miRNAs effectively inhibit EMT process and
mediate suppressing cancer cell proliferation, migration,
and invasion. However, we still need to face many chal-
lenges applying such techniques in clinical practice, as
the high risk of off-target effects makes such treatments
very hazardous and as we currently lack a reliable deliv-
ery system, which might not induce a generalized
immune response (i.e., viral vectors and exogenous con-
jugated proteins).
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