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Long noncoding RNAs (lncRNAs) play crucial roles in normal physiology

and are often de-regulated in disease states such as cancer. Recently, a class

of lncRNAs referred to as the small nucleolar RNA host gene (SNHG)

family have emerged as important players in tumourigenesis. Here, we dis-

cuss new findings describing the role of SNHGs in gastrointestinal tumours

and summarize the three main functions by which these lncRNAs promote

carcinogenesis, namely: competing with endogenous RNAs, modulating

protein function, and regulating epigenetic marking. Furthermore, we dis-

cuss how SNHGs participate in different hallmarks of cancer, and how this

class of lncRNAs may serve as potential biomarkers in cancer diagnosis

and therapy.

Introduction

Only a small fraction of the human genome is protein

coding [1]. In fact, thousands of transcribed RNAs are

non-protein coding RNAs (ncRNAs). Non-coding

RNAs can be classified into two main groups based on

their transcript lengths: (a) small noncoding RNAs,

with < 200 nucleotides, including well-known RNA

species such as microRNAs (miRNAs), small nucleolar

RNAs (snoRNAs), and Piwi-interacting RNAs (piR-

NAs) and (b) long non-coding RNAs (lncRNAs), which

are longer than 200 nucleotides. Recent studies have

shown that lncRNAs are widely involved in epigenetic

modifications, and regulation of gene expression at
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transcriptional and post-transcriptional levels, affecting

various stages of cancer proliferation, invasion, and

metastasis. These functions designate lncRNAs as suit-

able diagnostic or prognostic markers in cancer [2–4].
Small nucleolar RNAs are a class of conserved and

abundant 60–300 nucleotide ncRNAs that accumulate

in the nucleoli and are involved in post-transcriptional

modification and maturation of ribosomal RNAs

(rRNAs) and spliceosomal RNAs. The nucleolar RNAs

exhibit diverse functions in post-transcriptional gene

regulation and, based on specific motifs within the RNA

structure, can be categorized into two main classes: H/

ACA box snoRNAs (SNORAs) that provide target sites

for nucleotide pseudouridylation and C/D box snoR-

NAs (SNORDs) that promote 2-O-ribose methylation

[5–9]. In addition, recent studies indicate that snoRNAs

are involved in carcinogenesis and can function either as

oncogenes or tumour suppressors [4,9–11]. Of note, a

small number of snoRNAs are transcribed by their own

regulatory elements (i.e. promoter, terminator, and

enhancers). In contrast, most snoRNAs are transcribed

as intronic RNAs that are released by subsequent

splicing of their host RNAs [12]. Among these host

RNAs, the small nucleolar RNA host gene (SNHG)

family represents a main class of lncRNAs that includes

32 identified members in the human genome (GEN-

CODE V33). Although members of this lncRNA family

do not encode proteins and were thought to mainly act

as carriers of snoRNAs [5,13], new findings suggest that

SNHG lncRNAs can contribute to various physiologi-

cal functions. These lncRNAs have attracted great

attention as key modulators of gene expression, protein

function, cell signalling, and epigenetic modifications.

Given these key functions, it is not surprising that

SNHGs can participate in cancer initiation, promotion,

and progression and serve as important prognostic

markers. Accordingly, loss and gain of function experi-

ments have suggested that SNHGs can serve as new

therapeutic targets in cancer [10,14–16].
In this review, we discuss the molecular mechanisms

by which SNHGs participate in cancer development,

highlighting the current gaps and future directions in

this research field. We particularly focus on gastroin-

testinal (GI) tumours that encompass esophageal (EC),

gastric (GC), colorectal (CRC), hepatocellular (HCC),

and pancreatic (PC) cancers [17]. These malignancies

display high mortality risk, limited diagnostic

biomarkers, and ineffective therapies. In recent years,

the number of patients suffering from GI cancers has

gradually increased (about 5 million patients in 2018),

resulting in a higher mortality rate (approximately

3.5 million), which makes these malignancies a major

cause of cancer-related deaths worldwide [18].

Although various treatment strategies can be applied

[19], the overall survival rate remains low in advanced

disease stages, presenting an urgent need for new diag-

nostic and therapeutic markers [20].

Molecular mechanisms of SNHG
family in GI cancers

After the discovery of SNHG1 in 1997 by Frey et al.

[21] other studies identified 22 additional members of

the family that play critical roles in GI cancers

(Table 1). These studies revealed that the carcinogenic

properties of SNHGs are related to their functional

domains including DNA-binding, RNA-binding, and

protein-binding domains [22], as shown in Fig. 1. In

this section, we summarize the main functions of the

SNHG family in GI cancer development.

Acting as competing endogenous RNAs

miRNAs have been recognized as key regulators in

normal physiology across multiple organisms. The

function of miRNAs can be inhibited by competitive

inhibitors known as miRNA-sponges and antisense

oligonucleotides [23,24]. Salmena et al. first presented

the competing endogenous RNA (ceRNA) hypothesis

in 2011 [25] suggesting that lncRNAs can compete

with miRNAs using shared miRNA response elements

(MREs). lncRNAs with ceRNA activity interact with

miRNAs and prevent their binding to target mRNAs

due to sequence similarities, ultimately controlling gene

expression [26,27]. After this seminal discovery, many

cancer-related genes (both coding and non-coding)

were identified, that contain MREs [14]. In recent

years, increasing studies have shown the involvement

of lncRNA-miRNA-mRNA regulatory networks in

tumour initiation, progression, and pathogenesis

including many GI malignancies (Table 2) [14,28].

Here, we used published studies and gathered all

SNHGs that have a role in GI malignancies and sum-

marized all potential interactions with miRNAs and

their target mRNAs (Table S1). Based on this analysis,

we calculated the connection degree of each gene

(SNHG, miRNA, or mRNA) to show its importance

in the ceRNA network (Table S2). Furthermore, con-

nections that have two parameters were selected:

SNHG genes (more than 10) and miRNAs (more than

4) and summarized in Table S3, Additional file.

Finally, the ceRNA network (as Sankey diagram) was

built using the online software sankeyMATIC (https://

sankeymatic.com/build/) as illustrated in Fig. 2. In this

section, we review some examples of SNHGs that

function as ceRNAs in GI cancers.
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miR-195

miR-195 belongs to the miR-15/107 family and is

known to act as a tumour suppressor [29]. SNHG1 is

shown to sponge miR-195 [30,31] or compete with

miR-195-5p to regulate PDCD4 expression, a protein

that exists in the nucleus of proliferating cells, leading

to HCC progression [32]. A recent study also shows

that downregulation of SNHG12 promotes cancer pro-

gression via altered interaction of miR-195-5p and

BCL-9 (a member of the WNT signalling pathway) in

esophageal squamous cell carcinoma (ESCC) [33]. It is

also demonstrated that SNHG16 contributes to HCC

carcinogenesis via direct interaction with miR-195, in

which SNHG16 downregulation decreases the prolifer-

ation and invasion of HCC cells [34]. Moreover,

SNHG16 lncRNA promoted carcinogenesis in PC by

regulating the miR-195/SREBP2 ceRNA axis [35].

miR-140

Given its tumour suppressor role, dysregulation of

miR-140 can lead to tumourigenesis in various tissues

[36–38]. SNHG1 can serve as a miR-140 sponge and

can influence the downstream target ADAM10 to pro-

mote gastric cancer cell proliferation and invasion [39].

More mechanistic studies showed that SNHG1 can

interact with miR-140, enhances TLR4 expression, and

leads to the activation of NF-jB signalling in cholan-

giocarcinoma (CCA) [40]. In ESCC, SNHG16 interacts

with miR-140-5p and upregulates the miRNA target

gene ZEB1 which consequently leads to ESCC cell

proliferation, migration, and epithelial-to-mesenchymal

transition (EMT) [41]. Furthermore, this lncRNA

induces sorafenib resistance in HCC by interacting

with miR-140-5p [42,43]. It was also demonstrated that

SNHG20 can upregulate the N-MYC regulated gene

family member 3 (NDRG3), by ceRNA effects on miR-

140-5p, leading to resistance of GC cells to 5-

fluorouracil (5-FU) [44].

miR-222

Several SNHGs can interact with miR-222, which is a

miRNA deregulated in several cancers with both onco-

miR and tumour-suppressor functions [45]. For

instance, GAS5 can act as a ceRNA for miR-222 to

regulate PTEN, AKT, and mTOR proteins and affects

GC cell proliferation through PTEN/AKT/mTOR

pathway [46]. Additionally, GAS5 can bind to miR-

222-3p and regulates the expression of PTEN, LC3B,

and cleaved Caspase-3 and phosphorylation of AKT

in CRC [47].
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Fig. 1. An overview of small nucleolar RNA host gene (SNHG) family biogenesis and functions in GI tumours. These functions mainly rely

on interactions with macromolecules (RNA, protein, and DNA) and include ceRNA activity, protein interactions, and chromatin remodelling,

leading to deregulated gene expression and aberrant signalling pathways.
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miR-26

Both upregulation and downregulation of miR-26 can

occur in cancer, and miR-26 can act either as an onco-

gene or tumour-suppressor. Studies have shown that

SNHG5 can bind to miR-26a-5p and regulate the

expression of its downstream target GSK3b. As

GSK3b is an important player in WNT/b-catenin sig-

nalling, SNHG5 can, therefore, promote HCC carcino-

genesis by activating WNT/b-catenin signalling [48].

SNHG6 can also act as a sponge for miR-26a and

miR-26b and regulates their target gene TAK1 that

mediates activation of NF-jB and JNK/P38 [49].

miR-302

miR-302 family includes miR-302a/b/c/d and miR-367

that are expressed mainly in human embryonic stem

cells and are downregulated rapidly after differentia-

tion [50]. Based on their inhibitory function, this

miRNA family can suppress more than 450 target

mRNAs in humans [51]. The majority of miR-302s act

as tumour suppressors but some also have opposite

function [52]. It was demonstrated that SNHG16

can regulate AKT expression by interacting with miR-

302a-3p and promoting CRC through SNHG16/

miR302a-3p/AKT axis [53]. Furthermore, in HCC,

upregulation of SNHG16 is associated with poor prog-

nosis via sponging miR-302a-3p and regulating FGF19

levels [54]. The SNHG16 lncRNA also contributes to

pancreas adenocarcinoma through miR-302b-3p/

SLC2A4 axis that is involved in glucose homeostasis

[55].

miR-32

Aberrant expression of miR-32 is associated with a

variety of GI tumours [56–59]. Several studies demon-

strated that expression of some of the miR-32 target

genes can be modulated via SNHGs ceRNA activity.

It was shown that GAS5 can positively affect the

PTEN expression by decreasing the level of miR-32-5p

[60]. Furthermore, overexpression of SNHG5 in GC

cell lines decreases the mature miR-32 via a ceRNA

activity. As Kruppel-like factor 4 (KLF4) is a known

target of miR-32, SNHG5/miR-32/KLF4 axis can act

as a key pathway in GC carcinogenesis [61]. Moreover,

SNHG14 can sponge miR-32-5p and regulate its down-

stream target gene named SKIL. This axis (SNHG14/

miR-32-5p/SKIL) can promote CRC development by

regulating TGF-b and WNT/b-catenin pathways by

affecting p-SMAD2, p-SMAD3, TGF-b1, b-catenin, c-
MYC, and CCND1 expression levels [62].
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miR-101

miR-101 serves as a tumour-suppressor miRNA and

its downregulation promotes tumour proliferation,

invasion, and metastasis, as well as drug resistance

[63]. SNHG6 inhibits apoptosis through binding to

miR-101-3p and regulating EZH2 expression in ESCC

[64]. RNA pull-down, RNA immunoprecipitation, and

luciferase reporter assays confirmed that SNHG6 regu-

lates miR-101-3p in a ceRNA-dependent manner. This

SNHG6- miR-101-3p interaction affects ZEB1 expres-

sion (a key regulator of EMT) and increases MMP-2/9

expression in HCC [65]. Moreover, it was demon-

strated that SNHG6 can activate the TGF-b/SMAD

pathway in CRC by targeting UPF1 and upregulating

ZEB1 to induce EMT [66]. The SNHG6 lncRNA can

also regulate the expression of b-catenin and TCF4 by

interacting with miR-101-3p, consequently promoting

CRC carcinogenesis by affecting WNT/b-catenin sig-

nalling [67]. It was also demonstrated that miR-101

can be sequestered by SNHG14 to promote pancreatic

ductal adenocarcinoma (PDAC) leading to gemc-

itabine resistance in PDAC cells [68].

Regulating protein activity and signalling

cascades

A growing number of studies suggest that lncRNAs

can exert their regulatory roles via several mechanisms

that include affecting the cellular localization of target

proteins, altering protein stability, modulating protein

modifications, or regulating protein–protein interac-

tions, ultimately leading to altered signalling pathways

during cancer development [69–77]. In this section, we

review some of the important signalling pathways that

are influenced by SNHGs in cancer as summarized in

Table 2 and Fig. 3.

Epithelial to mesenchymal transition

The EMT is a biological process during which the

epithelial phenotype is converted to a mesenchymal-

like one. This phenomenon can contribute to some

pathological conditions including tumour progression

and metastasis. In this process, cell adhesion molecules

such as E-cadherin, and cytokeratin are downregulated

whereas mesenchymal cadherins, matrix

Fig. 2. Sankey diagram for the ceRNA network (lncRNA-miRNA-mRNA) in GI cancers. Each gene is represented by a rectangle, and the con-

nection degree of each gene is shown based on the rectangle size. Genes were selected based on the most abundant SNHGs, miRNAs,

and mRNAs with functional roles in GI carcinogenesis.
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metalloproteinases, and Vimentin are upregulated,

leading to loss of cell–cell adhesion and gain of cell

movement abilities (migration and invasion) [78–80].
Various SNHG lncRNAs exert specific functions in

cancer progression via regulating EMT [81]. For

instance, SNHG1 promotes EMT by regulating the

potential cancer stem cell marker DCLK1 in GC [82].

Depletion of SNHG1 in ESCC [83] and HCC [84],

reduces EMT via upregulation of E-cadherin, and

downregulation of Vimentin and N-cadherin expres-

sion. Other examples of EMT-promoting SNHGs

include amongst others: SNHG5 which interacts with

MTA2, leading to its ubiquitin-mediated degradation

in ESCC [85]; SNHG11 which enhances Hippo sig-

nalling by negatively regulating p-YAP and p-LATS1

in CRC [86]; SNHG12 that activates BMI1 and

increases the stability of CTNNB1 in ESCC [87]; and

SNHG15 that upregulates the expression of MMP2

and MMP9 (matrix metalloproteinase molecules,

which are implicated in invasion and metastasis) in

GC [88]. The SNHG15 lncRNA also shows a nuclear

localization and can bind to the zinc finger domain of

SLUG to prevent its ubiquitination and degradation,

leading to EMT in CRC cells [89]. Furthermore, fol-

lowing SNHG16 knockdown in ESCC, the expression

levels of E-cadherin and b-catenin increased while N-

cadherin and Vimentin decreased, indicating that

upregulation of SNHG16 can promote cell migration

via regulating EMT [41]. In addition, this lncRNA can

lead to the upregulation of DDK3 protein and there-

fore induces EMT via SNHG16/DDK3/b-catenin axis in

GC [90]. Lastly, SNHG20 can facilitate metastasis via

regulating the activation of ATM/JAK/PD-L1 pathway

in ESCC [91] whereas SNHG20 is associated with down-

regulation of E-cadherin and upregulation of ZEB1,

ZEB2, Vimentin, and N-cadherin in HCCs [92].

AKT signalling

AKT signalling regulates different cellular processes

related to tumourigenesis including cell proliferation,

migration, and survival [93]. Phosphorylation of AKT

by PDK1 or mTOR leads to the activation of its

downstream targets and cancer progression [94,95].

Some studies indicated that lncRNAs “including

SNHGs” can modulate the AKT pathway leading to

GI malignancies. For example, overexpression of

SNHG1 activates AKT signalling via regulating

SLC3A2, which leads to drug resistance [96]. Investiga-

tion of proteins related to the PI3K/AKT pathway

confirmed that SNHG1 also regulated the activity of

this signalling pathway in PC [97]. On the other hand,

ectopic expression of GAS5 in ESCC cells led to

reduced PI3K expression and reduction of phosphory-

lation of AKT and mTOR [98]. Furthermore, increas-

ing GAS5 inhibited AKT and ERK at both mRNA

and protein levels, leading to CASP9 elevation and

CASP3 inhibition in CRC [99]. Further investigation

revealed that EST1 protein levels decreased signifi-

cantly after SNHG6 overexpression in CRC, hence this

lncRNA can regulate cell proliferation via PI3K/AKT/

mTOR signalling pathway [100]. SNHG12 can bind to

its target named HuR in the cytoplasm and increases

YWHAZ mRNA stability which promoted AKT phos-

phorylation and, therefore, AKT/GSK3b pathway

activation in GC [101]. Lastly, SNHG17 mediates the

PI3K/AKT pathway by enhancing the expression level

of c-MYC in ESCC [102].

WNT/b-catenin signalling

WNT/b-catenin cascade is a key signalling pathway

that can be activated in two different manners b-
catenin-dependent and b-catenin-independent [103].

Increasing lines of evidence have confirmed the role of

lncRNAs (including SNHGs) in WNT/b-catenin sig-

nalling. For example, the expression level of E-

cadherin, b-catenin, CCND1, LEF, TCF4, TCF7,

MMP7, MMP9, and c-MYC showed significant

changes after SNHG1 knockdown [104–106]. More

investigations in CRC revealed that downregulation of

GAS5 can also influence angiogenesis and metastasis

via activation of WNT/b-catenin signalling [107].

Upregulation of SNHG5 in hepatocellular carcinoma

decreased the level of UPF1 and increased WNT1,

WNT3a, and WNT10a which promote WNT-

signalling [108]. Han et al. showed that WNT-

signalling is inhibited in response to SNHG16 down-

regulation in ESCC, as evidenced by alterations in b-
catenin, CCND1, and c-MYC expression levels [109].

Lastly, SNHG20 regulates WNT/b-catenin signalling

by increasing the expression levels of p-GSK3b and b-
catenin in GC cells [110].

TGF-b signalling

TGF-b is a multifunctional cytokine that belongs to

the evolutionary conserved transforming growth factor

superfamily [111] and drives a signalling pathway that

regulates cell proliferation, differentiation, and motility

[111,112]. To date, many lncRNAs (including SNHGs)

have been identified as regulators of TGF-b signalling

[113]. Studies in CRC revealed that GAS5 depletion

leads to decreased IL-12, iNOS, IL-1b, and TNF-a in

M1 macrophages, and increased IL-10, TGF-b, Arg-1,

and Fizz-1 in M2 macrophages. This finding showed
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that GAS5 can prevent CRC cell immune-scape and

tumour growth via polarizing M1 macrophages [114].

It is also demonstrated that SNHG6 can activate the

TGF-b/SMAD pathway by targeting UPF1 and

increasing tumour growth and metastasis [66]. In this

regard, direct interactions between SNHG6 and UPF1

activates the TGF-b/SMAD pathway in HCC [65].

Epigenetic regulation

Over the past few years, new evidence emerged confirm-

ing the crucial role of lncRNAs in epigenetic regulation.

Aberrant expression of lncRNAs including SNHGs can

act as key regulators of histone methylation, histone

acetylation, and DNA methylation to facilitate chro-

matin remodelling in various malignancies [115]. One of

the best-studied interactions between SNHG and epige-

netic modifiers has been reported for the PRC2 complex

(Fig. 4). SNHG family members can interact with

enhancer of zeste homolog 2 (EZH2) and control tran-

scription of target genes. For example, SNHG1 can

interact with EZH2 to silence KLF2 and CDKN2B in

CRC cells, leading to enhanced tumour growth [116].

Other interactions between EZH2 and SNHG members

have been reported, including interaction with SNHG1

to downregulate CDKN1A and CDKN2B expression in

HCC [117] and CDKN1A in CCA [118]; with SNHG3 to

regulate MED18 expression in GC [119]; with SNHG6

to control P21 expression in CRC [120]; with SNHG13

(DANCR) to regulate lncRNA-LET in GC [121]; with

SNHG13 to modulate FBP1 expression in CCA [122];

with SNHG15 to control P15 and KLF2 silencing in PC

[123]; with SNHG17 to downregulate RUNX3 [124] and

repress P17 and P15 [125] in GC and also P57 in CRC

[126]; with SNHG20 to downregulate E-cadherin in GC

[110] and HCC [92]; with SNHG22 to alter five

Fig. 3. The impact of aberrant expression of SNHG family members on various signalling pathways. Each GI malignancy is highlighted in a

different colour in the outer circle.
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suppressing genes including E-cadherin, EAF2,

ADRB2, rap1GAP, and RUNX3 in GC [127] and

finally with SNHG23 (MEG8) to control miR-34a and

miR-302 in PC [128].

Small nucleolar RNA host genes can also alter the

EZH2 chromatin binding ability. For example, chro-

matin immunoprecipitation assays showed that deple-

tion of SNHG6 in GC, reduces EZH2 chromatin binding

and H3K27me3-deposition at the P27 promoter, leading

to increased P27 expression [129]. Furthermore, SNHG6

can control the expression of the senescence factor P21,

a mechanism that is dependent on the EZH2 function

[130]. Moreover, a negative correlation was observed

between SNHG14 and EPHA7 expression in CRC.

Mechanistically, SNHG14 was found to interrupt the

interaction between EZH2 and miR-186-5p leading to

the release of EZH2 from the chromatin and hyperme-

thylation of the EPHA7 promoter [131].

In addition to the effects on the PRC2 complex,

SNHGs can also influence other epigenetic regulators.

For example, SNHG5 can interact with MTA2 and

trap this protein in the cytoplasm leading to increased

acetylation of histone 3 and P53 and increased

tumourigenicity in GC [132]. Moreover, upregulation

of SNHG6 leads to a strong global hypomethylation

in HCC and reduced expression of MAT1A protein by

activation of miR-1297/FUS pathway that resulted in

MAT1A mRNA transportation from the nucleus to

the cytoplasm. In contrast, this lncRNA increased

MAT2A by preventing the interaction between miR-

1297 and MAT2A 30-UTR [133]. Altogether, these

studies demonstrate that SNHGs can directly interact

with epigenetic regulators and modulate their chro-

matin binding or enzymatic activities.

The role of SNHG family in hallmarks
of cancer

Small nucleolar RNA host genes play crucial roles in

promoting carcinogenesis by affecting the expression

or activity of downstream targets, ultimately promot-

ing different hallmarks of cancer. In the previous sec-

tion, some examples of how the SNHG family

contributes to cell proliferation, evading apoptosis,

and metastasis were discussed. Here, we summarize

SNHGs functions on other hallmarks of cancer with a

particular focus on GI malignancies.

Chemotherapy resistance

Drug resistance can be acquired in cancer cells via

genetic mutations or epigenetic alterations in multiple

pathways that include amongst others: increased

expression of ABC transporters, which direct the drugs

out of cells; activation of pathways that prevent cell

death; enhancement of DNA repair; increase in toler-

ance to stress conditions; or alterations in drug meta-

bolism [134]. In this regard, members of the SNHGs

can contribute to drug resistance in different ways.

For example, in HCC, SNHG1 contributes to sorafe-

nib resistance via interacting with miR-21 and subse-

quently inducing SLC3A2 and AKT signalling [96]. In

HCC, overexpression of GAS5 promotes doxorubicin

[135] and cisplatin [136] sensitivity by increasing PTEN

expression and sponging mir-222, respectively. GAS5

lncRNA also decreases MDR-1 protein level through

binding to miR-181c-5p, ultimately promoting

chemoresistance in PC cells [137]. GAS5/miR-221 inter-

action also promotes PC gemcitabine resistance

through EMT progression [138]. Furthermore, in GC,

SNHG5 promotes cisplatin resistance by altering the

expression of apoptosis-specific genes (BAX and BCL-

2) and chemo-resistance-specific genes (MDR1 and

MRP1) [139]. In gastric cancer, SNHG6 interacts

directly with miR-1297 to regulate BCL-2 expression

[140] and miR-325-3p to target GITR expression [141]

leading to cisplatin resistance and tumour progression.

This lncRNA also sponges miR-26a-5p and promotes

5-FU chemoresistance in CRC [142]. Other examples

of drug resistance mediated by SNHGs include

SNHG8 which alters the expression of Caspase-3 and

PARP to promote chemo-resistance in pancreatic ade-

nocarcinoma [143]; SNHG15 that interacts with AIF

and increases resistance to 5-FU in CRC [144]; and

SNHG16 that contributes to 5-FU resistance by target-

ing miR-506-3p in GC [145] and miR-93 in HCC [146].

Stemness

Recent studies have revealed that lncRNAs can induce

stemness in cancer cells by modulating gene expression

at transcriptional and post-transcriptional levels

[147,148]. For example, GAS5 is essential for maintain-

ing stemness in CRC through regulating NODAL sig-

nalling [149] and in PC via promoting EMT [138]. In

GC, SNHG3 upregulates stemness genes including

OCT4, SOX2, and CD44 [150] and in HCC, the direct

interaction between SNHG5 and UPF1 regulates stem-

ness factors [108]. Furthermore, depletion of SNHG12

in ESCCs results in decreased expression of stemness

genes including SOX2, SOX4, OCT4, and NANOG [87].

Neo-angiogenesis

Tumour angiogenesis is another hallmark of cancer

that involves the sprouting of novel vessels from
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existing ones. This phenomenon is a multistep process

that is adapted under some pathological conditions,

such as carcinogenesis and provides oxygen and essen-

tial nutrients to cancer cells that is essential for solid

tumours growth beyond 2 mm. This process is regu-

lated by a balanced act of anti-angiogenic (angiostatin,

endostatin, tumstatin, and IL-12) and pro-angiogenic

(VEGF, bFGF, EGF, PDGF, Ang-1, and Ang-2) fac-

tors in the tumour microenvironment [151]. Recent

studies demonstrate that lncRNAs can participate in

angiogenesis as pro- or anti-angiogenesis mediators

[152,153]. For example, lncRNA GAS5 inhibits

angiogenesis and metastasis of colorectal cancer

through the WNT/b-catenin signalling pathway [107].

SNHG6 promotes angiogenesis via direct interaction

with miR-101-3p and subsequent activation of E2F8 in

CCA [154]. SNHG11 facilitates angiogenesis by target-

ing miR-324-3p and regulating the level of VEGF-A in

PC [155]. SNHG17 can exert its role in angiogenesis

by sponging miR-23a-3p and modulating CXCL12

expression [156]. Lastly, SNHG22 can induce angio-

genesis via miR-361-3p/HMGA1/WNT/b-catenin axis

in GC cells [157] and miR-16-5p/VEGF in HCC cells

[158].

Fig. 4. Dysregulation of small nucleolar RNA host gene (SNHG) family members is associated with altered epigenetic modifications in

various GI malignancies via, among others, the PRC2 complex.
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Immune-escape

Various mechanisms can contribute to the escape of

cancer cells from the immune system; these include,

amongst others, defects in presenting tumour antigens,

abnormal metabolism, resistance to cytotoxic immune

response, and acquiring stem cell-like phenotypes.

Recent studies revealed that lncRNAs can regulate

immune system evasion by controlling immune

response genes [159,160]. For example, GAS5 depletion

leads to the polarization of M1 macrophages and a

decrease in IL-12, IL-1b, iNOS, and TNF-a levels,

promoting immune escape in CRC cells [114]. In con-

trast, GAS5 enhances the NK cell’s cytotoxicity in

HCC by regulating the miR-544-RUNX3 axis [161]. In

GC, SNHG15 can regulate PD-L1 expression via

SNHG15 ceRNA activity on miR-141 and leads to

resistance of cancer cells to the immune system [162].

Conclusion

As cancer represents a major health challenge, new

diagnostic and prognostic biomarkers for early diagno-

sis or timely treatment are urgently required [18]. With

new next-generation sequencing and ultra-deep RNA

sequencing methods, lncRNAs have attracted wide-

spread attention as oncogenes or tumour suppressor

genes in various cancers [163,164]. Furthermore, recent

clinical findings indicate that lncRNAs can be released

into extracellular fluids, such as blood plasma/serum,

which provide opportunities for using lncRNAs as

potential diagnostic or prognostic markers [165].

SNHG family is a large family of lncRNAs with 32

members, that encode snoRNAs at their intronic

regions. Originally, SNHGs were thought to solely reg-

ulate gene expression via releasing the snoRNAs

embedded in their introns [166]. However, more recent

studies indicate that these host genes also have addi-

tional biological functions that are independent of

their co-transcribed snoRNAs [10,167]. Members of

the SNHG family have been recognized as oncogenes,

based on their significant dysregulation (mainly upreg-

ulation) in various cancers [168]. SNHGs play a key

role in the initiation, progression, and pathogenesis of

GI malignancies via multiple cellular processes and are

linked to clinicopathological features such as TNM

stage, lymphatic metastasis, tumour size, and shorter

overall survival (Table 2). Moreover, some members of

this family impact the chemotherapy response of

tumour cells, and thus can provide novel targets to

overcome drug resistance in cancer. In this regard,

SNHGs oncogenic activity can be targeted by silencing

techniques, such as RNA interference or CRISPR-

Cas9 genome editing. Altogether, as SNHGs act as

upstream regulators of a broad range of biological

processes, they can provide new hopes for more tar-

geted and/or more efficient cancer diagnosis or ther-

apy.

Although the importance of SNHGs in GI carcino-

genesis is well-documented, we are still at the early

stages of understanding the involvement and applica-

tions of SNHGs in cancer. Firstly, additional members

of the SNHG family (e.g. SNHG24 to SNHG32) are

not studied yet in GI cancers and will require further

investigation through bioinformatics and experimental

approaches. Secondly, little is known about the

SNHGs expression levels in circulating body fluids

such as plasma or serum samples. In this regard, a

combinatorial panel of several SNHGs may increase

the diagnostic or prognostic power of lncRNAs to

provide a non-invasive method in the early stages of

cancer. Finally, additional studies are required to

investigate the downstream responses to SNHGs tar-

geting therapeutic purposes. In this regard, a lower

dose of antisense oligonucleotides is generally required

for targeting and inhibiting the oncogenic functions of

SNHGs/lncRNAs compared to other anti-cancer

drugs. Addressing these open questions will provide a

better understanding of the SNHGs biology and may

lead to new and more effective cancer diagnostic or

therapeutic approaches.
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