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functions as a competing endogenous RNA
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Abstract

Increased expression of the small nucleolar RNA host gene 6 (SNHG6) has been reported in different cancers, such as
hepatocellular carcinoma, colorectal cancer, and lung cancer. The high expression level of SNHGE6 is associated with

tumor progression and poor prognosis. This paper provides an overview of recent studies on the oncogenic role and
potential clinical utilities of SNHG6. Upregulated SNHG6 arrests tumor cell cycle and reduces apoptosis but promotes
migration, invasion, metastasis, epithelial-mesenchymal transition (EMT), and chemoresistance in tumors. Mechani-

cally, SNHG6 primarily sponges tumor suppressor microRNA (miRNA), functioning as a competing endogenous RNA.
Once sponged, miRNA is unable to degrade, silence, or hamper the translation of its downstream, mostly oncogenic
genes, ultimately driving cancer-related processes. Thus, SNHG6 might serve as a biomarker for cancer diagnosis and

prognosis.

Keywords: Long non-coding RNA, SNHG6, Competing endogenous RNA, Tumors

Background

With technical progress in sequencing technologies, an
increasing number of noncoding RNAs (ncRNAs) have
been discovered in the last several years. Long ncRNA
(IncRNA), > 200 nucleotides in length, has been reported
to participate in a variety of biological processes, such
as regulation of gene expression, subcellular architec-
ture, and stabilization of protein complexes [1]. The role
of IncRNA in physiology and pathophysiology was also
reported [2]. Mechanistically, IncRNA often sponges
many different types of miRNAs, acting as competing
endogenous RNA (ceRNA) to realize its function. ceR-
NAs are transcripts competing for shared microRNA
(miRNA) by complementary sequences [3]. MicroRNAs
(miRNAs), a class of small ncRNAs typically 22 nucleo-
tides in length, usually bind to the 3’-untranslated region
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of the target-gene mRNA, and once sponged, miRNA
is unable to repress target mRNA translation or induce
mRNA degradation [4]. The hypothesis of “ceRNA” was
posed officially in 2011 when Salmena et al. expounded
that RNA transcripts, similar to mRNAs, transcribed
pseudogenes or IncRNAs containing miRNA-response
elements (MREs), function as ceRNA and de-repress the
activity of other RNAs with similar MREs by competing
for the same miRNA in the available miRNA pool [5].
The subject of ncRNA functioning as ceRNA in tumor
formation and progression has been extensively explored,
and many ncRNAs have been investigated as miRNA
sponges in a variety of cancers. Such ncRNAs include
GASS5 in pancreatic cancer [6], ZFASI in colon adeno-
carcinoma [7], and MALAT1 in endometrioid endome-
trial carcinoma [8]. This review will summarize the most
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recent findings on SNHG®6, focusing on the effect of its
upregulation and its role as ceRNA in tumor progression.

SNHG6—A novel player in human tumors

Human SNHG6 (Ensembl: ENSG00000245910) is the
housekeeping gene of the 5'TOP family, which can
encode two kinds of noncoding RNAs, namely, U87 C/D
box snoRNA, synthesized by the second intron, and
SNHG6 RNA, encoded by exons. SNHG®6 is located in
chromosome 8q13.1 and consists of five transcripts (i.e.,
SNHG6-201 to SNHG6-205). SNHGS6 is localized pref-
erentially in the cytoplasm by cytoplasmic and nuclear
RNA fractions from some cancer cells, such as hepatocel-
lular cells and colorectal cancer cells [9, 10]. According to
recent studies, SNHGS6 is overexpressed in cancer tissues
compared with the corresponding noncancerous tissues
as well as in different cancer cell lines [11-13]. Upregu-
lated SNHG6 relates to advanced tumor progression and
short survival in patients [14, 15]. SNHG6 is responsible
for cell proliferation, migration, invasion, reduced apop-
tosis in vitro, increased tumor size, and increased metas-
tases in vivo [16, 17].

The next section will mainly discuss the information
gained in recent years about the role of SNHG6 in some
relative frequent cancer types, such as hepatocellular car-
cinoma (HCC), colorectal cancer (CRC), gastric cancer
(GC), esophageal squamous cell carcinoma (ESCC), lung
adenocarcinoma (LUAD), breast cancer (BC), bladder
cancer, glioma, and osteosarcoma.

Hepatocellular carcinoma (HCC)

SNHGS6 is upregulated in HCC tissues and cell lines.
Overexpressed SNHG®6 is tightly related to tumor devel-
opment and poor survival [9, 18]. Cao et al. reported that
five SNHG6 transcripts differentially expressed in HCC
tissues, while only SNHG6-003 exerted an oncogenic
function, which serves as ceRNA by binding to miR-
26a/b, thereby regulating transforming growth factor-f3-
activated kinase 1, an oncogene of HCC [18]. Another
study demonstrated that SNHG6 plays an oncogenic role
in liver tumorigenesis by activating the TGF-$1/SMAD
signaling pathway and upregulating zinc finger E-box-
binding homeobox1 (ZEB1) via effectively sponging miR-
101-3p, resulting in epithelial-mesenchymal transition
(EMT) [9]. Chen et al. recently showed that SNHG6 pro-
motes HCC cell proliferation via competitively binding
let-7c-5p and thereby regulating the expression of c-Myc
[19]. Besides, SNHG6 could also activate SERPINHI1
expression by competitive binding to miR-139-5p in
HCC, which is verified by Wu et al. [17]. Guo and his col-
leagues shed light on the role of SNHG6 in genome-wide
hypomethylation in hepatocellular cells. They verified
that SNHG6, negatively correlated with the steady-state
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S-adenosylmethionine (SAMe) concentration in vivo
and in vitro, suppressed MAT1A protein expression by
activating the miR-1297/FUS pathway [20]. Methionine
adenosyltransferase (MAT) are essential enzymes that
catalyze SAMe formation, and MAT2A is expressed in
the proliferating liver during dedifferentiation and in
cancer, while MAT1A is expressed in quiescent adult
hepatocytes [21, 22]. Interestingly, the effect of SNHG6
on genome-wide methylation was inhibited by exogenous
SAMe within a certain concentration range, indicat-
ing the potential benefit of SAMe for treatment of liver
cancer. In summary, these findings demonstrated that
SNHG6 could promote progression of HCC by acting as
a ceRNA from different aspects.

Colorectal cancer (CRC)

In the last 3 years, scholars have explored the role of
SNHG6 in CRC. Generally, SNHG6 was found to be
upregulated in CRC tissues and cell lines and responsible
for high tumor grades and poor patient survival. Highly
expressed SNHG6 could enhance CRC cell prolifera-
tion, invasion, and migration. SNHG6 could also act as
miRNA sponge to induce the dysfunction of the follow-
ing miRNAs: (a) miR-760 [23], (b) miR-101-3p [10, 12],
(c) miR-214-3p [24], (d) miR-26a-5p, miR-26b-5p [24],
and (e) miR-181a-5p [24]. Zhu et al. demonstrated the
role of miR-760 in CRC. They illustrated that miR-760,
as a direct target of SNHG6, could reverse the inhibi-
tory effect of SNHG6 knockdown on CRC progres-
sion by targeting forkhead box C1 [23]. The relationship
between SNHG6 and miR-101-3p is indentified by two
study groups. In Wang’s study, they found that SNHG6
sponges miR-101-3p, inducing an upregulated expression
of ZEB1, which is a key transcription factor in EMT. They
also proved that SNHG6 could activate the TGF-p/Smad
pathway by binding to UPF1 in CRC cells [10]. While
Shao’ data showed that SNHG6 could regulate the pro-
gression of CRC via modulating the expression levels of
miR-101-3p and the activity of Wnt/beta-catenin signal-
ing [12]. Xu et al. proved that SNHG6 could interact with
miR-214 and miR-26a/b and regulate their common tar-
get-EZH2 [24], while another group also showed the rela-
tionship between SNHG6 and miR-26a. In their study,
SNHG6 promotes chemoresistance of CRC cells through
ULK1-induced autophagy by sponging miR-26a-5p [26].
For miR-181a-5p, Yu et al. demonstrated that E2F5, as
a direct target of this miRNA, is upregulated, result-
ing in increased CRC proliferation by regulating the cell
cycle [25]. Moreover, Li et al. proved that SNHG6 could
directly suppress p21 expression by recruiting EZH2 to
the p21 promoter in CRCs [27]. However, in Meng’ study,
they verified that SNHG6 was downregulated in colo-
rectal cancer tissues, suppress ETS1 via the PI3K/AKT/
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mTOR pathway to inhibit CRC cell proliferation and
metastasis [28]. Due to only 30 colon tumors and adja-
cent non-tumor tissues samples were detected, we think
the results is not so convincing compared with many
other studies with positive results. From the above, the
authors concluded that SNHG6 was acting in an onco-
genic role by binding multiple miRNAs and abrogating
its tumor-suppressive function in CRC progression.

Gastric cancer (GC)

Studies have reported some connections between
SNHG6 and GC. Similar to its role in HCC, SNHG®6 is
upregulated in GC and its high expression influences
cancer cell characteristics, such as cell growth, migration
capacity, and EMT. Yan et al. [29] revealed that SNHG6-
promoted cell growth could be due to its influence on
cell cycle through interacting with PRC2 and epigenetic
silencing p27, whereas SNHG6-accelerated migration
could be through miR-101-3p sponging, thereby regu-
lating ZEB1. Li’s study indicated that SNHG6 facilitates
GC progression by upregulating p21 through activa-
tion of the JNK pathway and suppression of EZH2 [30].
Therefore, these data have revealed that SNHG6 plays an
important role in progression of GC through targeting
key promoters in the cell cycle such as P21 and P27.

Esophageal squamous cell carcinoma (ESCC)

Fan’s and Zhang’s groups both found that SNHG6
expression is significantly increased in ESCC tissues and
is associated with tumor size and TNM stage [31, 32].
These two groups both found that SNHG6 knockdown
can inhibit proliferative, colony-forming abilities, and
induce the apoptosis of ESCC cells. They also concluded
that SNHG6 exerts oncogenic function in ESCC and may
be a potential diagnostic marker for this cancer. In Du’
study, they demonstrated that SNHG6 promoted the pro-
liferation, migration, and invasion of ESCC cells through
regulating miR-186-5p/HIFla axis [33]. Above all, the
results may provide a novel therapeutic target-SNHG6
for ESCC. Besides, more functions and detailed molecu-
lar mechanisms of SNHG6 in ESCC need to be explored.

Lung cancer (LC)

Several studies all found that SNHG6 expression was
also significantly increased in non-small cell lung cancer
(NSCLC) tissues and cell lines and its high expression was
correlated with malignant features of NSCLC. In Geng’
study, knockdown of SNHG®6 significantly depressed the
proliferation vitality and migration activity of NSCLC
cells in vitro. Research on mechanisms illustrated that
SNHG6 regulates ETS1 signaling via miR-944 and miR-
181d-5p [34]. In Dong’ study, SNHG6 significantly pro-
moted proliferation and inhibited apoptosis of NSCLC
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cells. Mechanism research demonstrated that SNHG6
regulates miR-490-3p/RSF1 axis [35]. Li and his col-
leagues found that increased expression of SNHG6 was
associated with pathological stage and lymph node infil-
tration, and acted as an independent prognostic factor
of tumor recurrence in patients with NSCLC. Silencing
SNHG6 expression repressed cell growth and invasion
in vitro and in vivo. Mechanically, SNHG6 was identi-
fied to regulate CDYL expression by acting as a sponge of
miR-101-3p [36]. More than that, Liang et al. found that
SNHG6 expression is higher in lung adenocarcinoma
(LAOD) tissues than in adjacent non-tumor tissues, and
its overexpression is related to tumor development and
poor survival in patients. Functionally and mechanically,
SNHG6 promotes cell cycle progression, cell prolifera-
tion, migration, invasion, and EMT by acting as ceRNA
via competitively binding to miR-26a-5p, thereby activat-
ing E2F7 [37]. To summarize, the authors demonstrated
that SNHG6 were involved in progression of lung cancer
by regulating multiple miRNAs, representing promising
targeted therapeutic strategies against NSCLC.

Breast cancer (BC)

Recent TCGA data analysis showed that SNHG6 might
serve as a potential prognostic marker for BC with-
out further experimental validation [38]. Two study
groups showed that high SNHG6 expression increases
BC cell proliferation by targeting miR-26a-5p, and miR-
26a-5p targets respectively to MAPK6 [39] and VASP
[40]. Therefore, the authors conclude that SNHG6 par-
ticipates in BC development through the miR-26a-5p/
MAPK®6 and miR-26a-5p/VASP pathway. Another group
suggested that SNHG6 could also be involved in ion-
izing radiation-induced stress response in a tumor pro-
tein p53-dependent manner [41]. From these results, the
authors concluded that SNHG6 was served as an onco-
gene by binding miR-26a in BC progression.

Bladder cancer

High expression of SNHG6 in bladder cancer cells was
discovered by Wang et al. [42]. Their data suggested that
overexpressed SNHG6 induces EMT through upregu-
lating Snaill/2 and promotes migration and invasion of
bladder cancer cells by sponging miR-125b, thereby acti-
vating the target gene of miR-125b-novel (nua) kinase
family 1 (NUAK1), also known as ARK5. Thus, SNHG6
accelerates bladder cancer cell progression through miR-
125b/NUAK]1 and miR-125b/Snail1/2 pathways.

Glioma

Meng et al. found that SNHG6 also upregulates in glioma
tissues and cells compared with normal brain tissues and
cells [43]. In their research, SNHG6 promotes glioma cell



Page 4 of 10

(2020) 20:219

Wang et al. Cancer Cell Int

sisAjeue sisoydode (19D

10814 S9Y |oYied [og] e VN VN ‘uolieuio) Auojod ‘8yDD 0AOT 91 -1 DH auaboduO 192Ued UO|0D)
J10woud
LZd 341 0} ZHZ3 bul uonewlio}
-Ino31 ybnoayy uon Jowny Yeibousy ‘npig 6C-1H ‘00T ‘81 DH ‘0C9MS
waydolg |01sAyd |19 [o€]je1@ ] -dudsuesy |zd buissaiday YN ‘Uolleuloj AuojoD‘8yYDD  ‘Z-02eD ‘OMY ‘08¥MS ‘9L L1DH auaboduQ 132UPD |B1D3I0|0D
dg-egz-yiu 1oy |opou yeibouay ‘bul
VNY snousbopus bul -[e3Y pUNO ‘Aesse Uols 059 LH-IDN'00FH-IDN'85EH
1ayi0deUleyd pawolg [£€] e 10 buer] -19dwod e se buluondun4 VN -BAUI pue uoneIBIA ‘| [N -DN'ZZ8DDH'66C LH'67SY auabodup euwlouldiedouspe bun
q/e9¢-giw 1o}
VNy snousbopus bul Aesse yimoib 20V/-139 ' LTLL-DNING
2uabodUO [81]e1@ 08D -12dwod e se buuonoun{ €00-99HNS  JOWN} OAIA U] ‘NPT ‘8XDD "/UNH "EWT-DDHHZL-DDHW 2uaboduQ  ewoulied Jejnjjad01edaH
sisAjeue sisordode (19D eWIOUIDIRD ||9
119] |0dUQ [L€] e 10 ueq VN VN ‘uoljeudioy Auojod ‘I |IN 1-31'601-V¥D3 auabodup snoulenbs |eabeydos]
SN Buneanoe 921W apnu
pue zHz3 buiseanap Ul [9pow Yeibouax SENMN'ETS
155 3J [0€] e Aq 174 Buneinbaidn VYN ‘UOBWIO}AUOIOD ‘DD -DDE'L06/-DDS'SOV'E08-DDN auaboduQ Jadued dlsen
[opowi sise}
-Se12W JIAI| PUB [9poW
09/-diuw 1o} 1eibouay ‘Aesse |[ams
VNY snouabopua Hul -uel| ‘bujieay punopp
13y] s19bie] 0dUQ [€7] e nyz  -19dwod e se buiuonoun4 VYN ‘Uoneuliof Auojod ‘gD 9L LIDH LATIA W/ LSTOMY 0N auaboduQ 132UeD |B1D3I0|0D)
sisAjueue
sisordode pue 9240
dg-egz-yiu 1oy |92 ‘AeSSE ||]9MSueI]
VNY snousbopus bul pue buljeay punom
U] (19D J9dueD) [6¥] [e 1@ nYyz  -19dwod e se buiuopouny VN ‘uoljeulioy AUojod ‘| |\ 9O '£096-dSOS auabodUQ 2UIOUIDIRI091SO
[ sisAjeue 9242 ||
pue | 7d 4o uoissaidxs pue sisoxdode ||2) ‘uon
sAydoig waydolg yoly [S¥] e 1o ueny a1 bunenbasumog VN -euoy Auojod ‘Np3 LI SOZN'ES-DON'SOHN EJSE]slenlile) 2UIOUIDIRI031SO
921U apnu
de-10L-yiw 1oy urJowny pajueldsuel)
VNY snousbopua bul ‘Kesse uoiseAu| ‘siskjeue
SIMIBIA [O1G [ U] [ev] |e 32 Busy  -1odwiod e se buluondung VN sisoydode ||92'8)DD 6CC-NT1SCN'/8N'D86L auaboduQ ewolo
dg-egz-yiw 104
vNY snousbopus Hul 92[W apnu Ul Adjusbu 9%-9W-YAW'Q-/¥
J9yjodeulieyd pawolg [6€] 1212 Al -32dwod e se buluonoun4 VYN OWN['|9MSURI'NPI'8YDD  -L'0E-S/-YI' L €C-9N-VYAW v/ -1 2uabodUQ J19dueDd 1seaig
de-101-yiw Joj
VNY snousbopua bul
-12dwod e se uopduny Kesse
pue‘’zHz3 buninioai uoneibIp ‘siskjeue 31940
Aq £7d Jo uoissaidxa |92 pue sisoydode |3 €78-09'106/
wiaypolg [o1sAyd [19D [67] e 19 UBA ay1 bupenbaiumog VN ‘uonewio} AUojod ‘| | -)DS'SOV'E08-DOW auabodUQ 192UeD DLISeD)
|euanor 2dUIBYSY  WSIUBYDIW JBJNdI|O|\  SWI0JOs| spoyjaw Aessy saul| |2 uoiduny 2dA} J9due)

uoissaiboad Jown) pue sisauabriown) ui susaboduo ue si9oHNS L djqeL



Page 5 of 10

(2020) 20:219

Wang et al. Cancer Cell Int

dg-e9z-yiw 4oy
VNY snousbopus bul

|apow Yeibouay

191U 19D J9dueD) [01] e 12 buepy  -12dwod e se bujuonoun VN ‘sisoxdode |10 ‘8¥DD 91 LLDH ‘OMY '671H auabodup 132UeD |B1D310|0D)
|opow yelb
-0UdY ‘9242 |19 pue
dg-e|g|-yiu 1o} sisordode |19 ‘Buljeay
YoIeasay VNY snouabopua Hul PUNOAN ‘ABSSE ||[9Msuel | 91 LLDH '0Z9MS ‘087MS
pue Juawabeue|y JaduedD) [sZ] eI A -12dwod e se bujuonoun VN ‘uorewoy AUojodD I [N ‘7008 ‘671H auabodUQ 130UBD [e123J0[0D)
|apow
1elbouay ‘sisAjeue
dg-qoz-yiw Jo 'dg-egz 3242 ||9D pue sisoidode
-Yiw ‘de-y 1 Z-giw 104 119D ‘Buljeay punom 6C-1H pue
ABojoduQ VNY snousbopus bu ‘Aesse lsmsuel ‘NP3 '1-0710 ‘079-MS ‘087-MS ‘8-LDH
13 ABOJ01PWISH JO [PUINO( [Pzl e nx  -12dwod e se buiuonoun4 VN ‘uolleuliof Auojod ‘gyDD ‘9L 1-1DH auaboduQ 132UBD |B1D310|0D)
de-10L-yiw
10} YNY snousbopus
Bunadwod e se bujuon SIUSWIIIRAXS OAIA U
-duny pue’| 44N buipuig ‘siskjeue sisoydode O/\OT pue
ein Aemyied pews 13D ‘Buljeay punom 9LLLDH ‘OMY ‘0Z9MS ‘08¥MS
195 "PIAN [ I [01] e 1e Buepm /9-4D1 341 buneandy VN ‘Kesse [[amsuel] ‘gD '70DeD '671H 2uabodUQ 130UED |e123J0[0D)
uolssaldxa v | [V ssaud
-dns pue uoissaldxa
YZIYIN 91e|nbaidn
01 sdoo| 3oeqpas)
aAlisod 7 bupeanoe
A|snosueynuis AgaJayy
pue /6¢1-4IW 10} ¥YNY
snousbopua aAiad Aydelbolewoiyd gedaH
Say Jaoued) [07] e 1@ 0oNo -Wwod e se buiuonouny VN  pinbi duewiopad-enin |-daH-)S ‘EWT-DDH ‘ZUnH 2U9HODUQ  PWOUIDIED JejN||9201edaH
Kemyied
QVNS/g4D1L 91eAnde 0}
14dN Buipuiq Apdaup [opow yeibouax
pue de- 0| -Yiw 1o} ‘sisKjeue sisordode ||
VNY snouabopusa bul ‘buijeay punopy ‘Aesse L0ZZ-AD0 ‘6W1DDH
191197 Jadued) [6] Je 3@ BueryD) -19dwod e se bujuopduN VN [leMsUBIL ‘NPT ‘8D “1/6DDHW'gsdaH'zodsH ZunH susboduQ  ewoupled Jejn|jedoiedaH
sisAjeue 9242
|92 pue sisoydode ||9D
1ayiooeUlleyd pawolg [yv] €39 18D Lzd Buissaiday VN ‘uoliewof Auojod ‘LI ON-€£EN "LSTN PPOHS' /8N 2uaboduQ ewolS
INEPEL)
-BL1 pue gszL-yiw oy
Ansiwayd VNY snousbopua bul ‘Aesse uolseAul pue
-0Ig Je|nj|3D 4O [eUINOr 74 '97] ‘|e 19 Buepy  -12dwlod e se bujuondund VYN uoneIbI ‘Aesse ydieids /8-N19 13 7-1Y auaboduQ 190Ued Jappe|g
|Jeuanor 2DUDIBRY  WISIUBYIDW JRNIDJO|\  SWI0JOS| spoyiaw Kessy saul| |9 uonpung adA} 19due)

(panunuod) | ajqel



Page 6 of 10

(2020) 20:219

Wang et al. Cancer Cell Int

pauILIBIdPUN YN

de-10L-giw 1oy
VNY snouabopus bul

[opow yeibousy'Aesse

09%H-IDN pue
CCSH-IDN

190URD)

Jooued Seloy [9€] je32 17 -32dwiod e se buiuonduny VN [[oMmsuel] ‘| |IN '€66 LH-IDN "€ZH-IDN 675V ausboduQ BunT || |fews-uoN
de-067-HIW 10}
VNY snouabopua bul ‘lapow Yyeibouax JER[V]=p)
wieydolpel Jay1olq Jadued) [g€] e buog -19dwod e se buluodun4 VN ‘sisoydode |90 ‘L LN 66¢ LH PUe ‘09vH 675V auabodup BuNn |19 |[eWS-UON
ds-pigl
-yIW pUe H6-YIu 10} ‘Aesse |[omsuel] ‘Bul
VNY snouabopua bHul -|eay punopp ‘94> 19D 667 1H JERIV:})
J2y3 s19b4e3 00UQ [i7€] 12 3@ Busn  -12dwod e se bujuonoun4 YN puesisoidode |90 '8YDD  PUe £/6dNY ‘T67H ‘97ZH '67SY ausaboduQp puny (19D ||lews-UoN
CIRISIED) /£-4DN
e9Z-YIW 1o} ‘Aesse |[emsuel] ‘Buljeay "LET-AN-YAW L TH/SH 'S LY
VNY snousbopus bul punopn ‘skesse NP3 -gN-YaW
10e1d S9Y |oyred [o¥] e -32dwod e se bujuonoun VN ‘Uol1eWIIO) UOJ0D '8-YDD '€68DDVN 'S9SNV 'VZ6 LINAT auabodUQ Jaoued 1sealg
sAesse UoIseAul pue uol} eWOUIDIED [|9D
S9Y |SUel [ WY [91] e 1o bueyz VN VYN -esbiw ‘uopessyjoid (190 V1-13H 12360123 '90/623 auaboduQ snowenbs [eabeydos3
dg-981-yiw 1oy
VNY snouabopua Hul ‘Kesse ||omsuel| 05 LISAM eWIOUIDIED ||9
125 s1g big [e€]le1@Ng  -12dWOd e Se buluonsuny VN ‘uolleuiof Auojod ‘gyDD pue ‘0£3SAN ‘90623 ‘60103 auab0duQ snowenbs jeabeydos]
dg-2/-19] 10}
unwiwo?d VNY snousbopus Hul SNT-DDH
say sAydolg waydolg [61]71e1@ UayD -12dwod e se buluonoun4 VN ‘Kesse gyDD pue H/6-DDHW 9U9HODUQ  BWOUIDIED Je|n||9201edaH
|opow yelb
dg-6€ |-YIW 1o} -0UdY ‘9242 ||9D) ‘Aesse
VNY snouabopus bul [[MSURI] ‘UOI1PULIO) /-YynH pue
32A0 19D [£1]71e1@ npn -32dwod e se buluonoun4 VYN AuojoD ‘Aesse AyjigelA ||9D J7H ‘gedeH ‘7odaH 20/ /-TH 2UaHODUQ  eWOUDIED Jejn||9d01edaH
de-1oL-yiuw 1oy
VNY snouabopua bul ‘Kesse |[amsuel|
Abojosarusonsed JNG [c1]|e320eys -12dwod e se Bujuondun4 VN ‘uorewioy Auojod | [N SO3IH ‘'0Z9MS ‘6C1LH auaboduO 19DUeD |B12310]0D)
Kemyied 'sjsoydode
HOLW/IMY/MEld Bunea 19D "Buieay punopm
day pa 1o [e¥] e 12 Busyy -noe eiA |G| 3 bunabie| VN ‘Kesse [|amsued] ‘] | 91 L1DH '08FMS ‘09FWDN  Jossaiddns Jown| 192UeD |B1D310|0D)
|euanor 2dUIDYSY  WISIUBYDDW JBINDB|O|\  SWI0JOos| spoyiaw Aessy saul| |9 uonduny 2dA} 49due)

(penunuod) | 3jqeL



Wang et al. Cancer Cell Int (2020) 20:219 Page 7 of 10
miR-181d-5p | | miR-139-5p | | miR-101-3p - i mnR iR- miR: let-7c-5p miR-
/miR-944 "Sa/b 186-5p 490-3p
PI3K/AKT/ | ‘ / |
mTOR
SERPINH1 Snail 12 N\
E-cadherin 2
ETSl mm l P21 p27 / l l l MAT2A panmav l l l

Cell
Cell nngmnou and | Pprogression Cell
invasion proliferation

EMT l
L or ] o ] [clmmmion s
invasion

Autop Cell Geuome Cel]
hagy metastasis wide progressi-
hypomethyla on
-tion

Cell proliferation Cell
.migration and proliferation

invasion

Fig. 1 The role and underlying molecular mechanisms of SNHG6 in multiple human cancers. SNHG6 could get involved in the progress of cell
migration and invasion, cell metastasis, cell cycle, cell progression, EMT, autophagy and genome-wide hypomethyltion, mainly via the following
mechanisms: (i) SNHG6 functions as miRNA sponges to antagonize the connections between multiple tumor suppressor miRNAs and their target
mMRNAs. (i) SNHG6 acts as a scaffold RNA molecule by interacting with EZH2, a subunit of the polycomb repressive complex to influence the
expression of downstream effectors of EZH2. (jii) SNHG6 activates JNK pathway, PI3K/AKT/mTOR and TGF3/SMAD pathway

proliferation, migration, and EMT and reduces apoptosis
by downregulating miR-101-3p. Anti-miR-101-3p and
miR-101-3p mimic rescue the effects of si-SNHG6 on
cell malignancy. However, details about the target gene of
miR-101-3p are not shown in this study. Another study
carried out by Cai and his team workers detected that
upregulated SNHG6 is responsible for glioma cell pro-
liferation, which is consistent with Meng’s results [44],
while silencing SNHG6 can induce cell cycle arrest by
upregulating p21.

Osteosarcoma

Ruan et al. revealed that upregulated SNHG6 predicts
poor survival and advanced TNM stage for patients with
osteosarcoma [45]. They investigated that si-SNHG6
represses cell proliferation by arresting cell cycle in the
GO/G1 phase and inducing cell apoptosis. Mechanically,
SNHGS6 is negatively correlated with p21 and Kruppel
Like Factor 2 (KLF2), which is a target gene interacting
with ncRNAs in malignancies [46]. p21 and KLF2 play
vital roles in osteosarcoma progression, such as miR-
95-3p/p21 axis [47], and involvement of KLF2 in drug
resistance to doxorubicin [48]. In Zhu'’s study, they found
that SNHG6 could competitively sponging miR-26a-5p
thereby regulating ULK1, and induced cell apoptosis and
autophagy by targeting caspase3 and ATF3 [49]. Thus,
SNHG®6 is involved in osteosarcoma progression and may
serve as an oncogene.

Conclusion and future perspectives
In a variety of cancers, SNHG®6 is highly expressed in can-
cer tissues in contrast to noncancerous tissues. SNHG6
is also upregulated in the investigated cancer cell lines.
Overexpressed SNHG6 arrests cell cycle and reduces
apoptosis but promotes migration, invasion, metastasis,
EMT, and chemoresistance. The relevant clinicopatho-
logical features and underlying molecular mechanisms
of SNHG6 in various cancers are summarized in Tables 1
and Fig. 1. The molecular mechanisms can be divided
into three categories, as following: (i) SNHG6 func-
tions as miRNA sponges to antagonize the connections
between multiple tumor suppressor miRNAs and their
target mRNAs. (ii) SNHG6 acts as a scaffold RNA mole-
cule by interacting with EZH2, a subunit of the polycomb
repressive complex to influence the expression of down-
stream effectors of EZH2. (iii) SNHG6 activates JNK
pathway, PI3K/AKT/mTOR and TGFB/SMAD pathway.
These studies have focused only on tumor cell prolifera-
tion, apoptosis, invasion, and migration of these classic
phenotypes, especially cell proliferation. Further stud-
ies are needed to explore the phenotypes of SNHG6 in
tumors, such as tumor metabolism and immunity escape.
This review focuses on the role of SNHG6 as ceRNA
and provide details about SNHG®, its sponging miRNAs,
and target genes, which is summarized in Table 2. Given
its contributions to cancer development, using SNHG6
and its targets has potential for diagnosis and treatment
of cancer. In clinical practice, overexpressed SNHG6
could be a vital biomarker for diagnosis and prognosis
of tumor patients. Nevertheless, the chemical stability
of SNHG6 in biological samples (e.g., serum) remains
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Table 2 Details about SNHG6 functioning as ceRNA in tumorigenesis and tumor progression
Cancer type miRNA 3/-5/ sequence PBSto SNHG6 Experimental method  Target protein References
Gastric cancer miR-101-3p AAGTCAATAGTGTCA 12 Luciferase activity assay, ~ ZEB1 Yan et al. [29]
TGACAT RIP. RNA pull down
assay
Breast cancer miR-26a-5p  TCGGATAGGACCTAATGA 8 Luciferase activity assay ~ MAPK6 Ivetal. [39]
ACTT
Glioma miR-101-3p AAGTCAATAGTGTCA 12 Luciferase activity assay NA Meng et al. [43]
TGACAT
Colorectal cancer miR-760 AGGGGUGUCUGGGUC 7 Dual luciferase reporter FOXC1 Zhu et al. [23]
UCGGC assay
Hepatocellular carcinoma miR-26a CGGATAGGACCTAAT 8 RIP, luciferase reporter TAK1 Caoetal [18]
GAACTT assays.
Hepatocellular carcinoma  miR-26b TGGATAGGACTTAAT 8 RIP, luciferase reporter TAK1 Caoetal.[18]
GAACTT assays.
Lung adenocarcinoma miR-26a-5p TCGGATAGGACCTAATGA 8 Luciferase reporter and E2F7 Liang et al. [37]
ACTT RNA pull-down assays
Bladder cancer miR-125b UCACAAGUCAGGCUC 8 Luciferase reporter gene  Snail1/2 and NUAK1 ~ Wang et al. [42]
UUGGGAC assay
Hepatocellular carcinoma  miR-101-3p AAGTCAATAGTGTCA 9 Luciferase assay ZEB1 Changetal. [9]
TGACAT
Hepatocellular carcinoma  miR-1297 AAGTTCATCATTCCCT 11 Luciferase assay MAT2A and FUS Guo et al. [20]
Colorectal cancer miR-101-3p NA NA gRT-PCR ZEB1 Wang et al. [26, 42]
Colorectal cancer miR-214-3p UGACGGACAGACACG 14 Luciferase reporter assay, EZH2 Xu et al. [24]
GACGACA RNA pull-down assay,
ChlIP,RIP
Colorectal cancer miR-26a-5p CGGATAGGACCTAAT 8 Luciferase reporter assay, EZH2 Xu et al. [24]
GAACTT RNA pull-down assay,
ChIP RIP
Colorectal cancer miR-26b-5p  TGGATAGGACTTAAT 8 Luciferase reporter assay, EZH2 Xu et al. [24]
GAACTT RNA pull-down assay,
ChIP RIP
Colorectal cancer miR-181a-5p  TGAGTGGCTGTCGCAACT 7 Luciferase reporter assay ~ E2F5 Yu et al. [25]
TACAA
Osteocarcinoma miR-26a-5p  TCGGATAGGACCTAATGA 8 Luciferase reporter assay ~ ULK1 Zhu et al. [49]
ACTT
Colorectal cancer miR-101-3p AAGTCAATAGTGTCA 13 Luciferase reporter assay ~ (3-catenin Shaoetal. [12]
TGACAT
Colorectal cancer miR-26a-5p  CGGATAGGACCTAAT 8 Dual-luciferase reporter  ULK1 Wang et al. [10]
GAACTT assay
Hepatocellular carcinoma  miR-139-5p UGACCUCUGUGCACG 7 Dual-luciferase reporter ~ SERPINH1 Wuetal.[17]
UGACAUCU assay,RIP
Hepatocellular carcinoma  let-7c-5p ATGGAG 6 Luciferase reporter assay ~ c-Myc Chenetal.[19]
Esophageal squamous miR-186-5p UCGGGUUUUCCUCU- 13 Luciferase reporter assay, HIF1a Du et al. [33]
cell carcinoma UAAGAAAC RNA Pull-Down Assay
Breast cancer miR-26a-5p  GAUUACUUGAACGAG 8 Luciferase assay, RNA VASP Lietal [27]
GCCAC Pull-Down Assay,RIP
Non-Small Cell Lung miR-181d-5p  UGGGUGGCUGUUGUU 10 Dual-Luciferase Reporter  ETS1 Geng et al. [34]
Cancer ACUUACAA Assay, RIP
Non-Small Cell Lung miR-944 GAGUAGGCUACAUGU 13 Dual-Luciferase Reporter  ETS1 Geng et al. [34]
Cancer UAUUAAA Assay, RIP
Non-Small Cell Lung miR-490-3p GUCGUACCUCAGGAG 7 Luciferase reporter assay ~ RSF1 Dong et al. [35]
Cancer GUCCAAC
Non-Small Cell Lung miR-101-3p AAGTCAATAGTGTCA 13 Dual-luciferase reporter ~ CDYL Lietal [36]
Cancer TGACAT assay,RIP

PBS predicted binding sites. NA Undetermined, ChIP Chromatin Immunoprecipitation, RIP RNA Immunoprecipitation
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unclear. Although extensive researches have been car-
ried out on the contribution of SNHG6 to cancer biology,
diagnosis, and prognosis, further studies are needed to
shed light on its possible therapeutic intervention.
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