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Abstract: Long non-coding RNAs (lncRNAs) have been potent regulators in the initiation

and development of human cancers regarding their biological roles in the modulation of

dosage compensation effect, epigenetics and cell differentiation. Recently, aberrant expres-

sion of lncRNA small nucleolar RNA host gene 5 (SNHG5) has been observed in various

solid tumors, which was intently correlated with tumor range, metastasis, pathological stage

and prognosis. Additional mechanical investigation disclosed that SNHG5 was involved in

multiple cellular activities, including proliferation, migration, invasion, cell-cycle, apoptosis

and autophagy, via targeting miRNAs, signaling pathways and other biological molecules or

proteins. In this review, we summarized the latest advances made towards understanding the

roles of SNHG5 in human cancers and further discussed potential methods that could be

adopted for clinical interventions.
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Introduction
The human genome-wide studies have demonstrated that approximately 70% of the

human genome is transcribed into RNAs, while the ratio of non-coding RNAs

(ncRNAs) is up to 98%.1 The ncRNAs consist of long non-coding RNAs (lncRNAs),

microRNAs (miRNAs), small interfering RNAs (siRNAs), transfer RNAs (tRNAs),

ribosomal RNAs (rRNAs), small nuclear RNAs (snRNAs), small nucleolar RNAs

(snoRNAs) and other types of ncRNAs.2 Though ncRNAs were initially considered

transcriptional noises, more researchers have elucidated functional roles of ncRNAs in

various biological activities, especially lncRNAs.3 Transcribed by RNA polymerase II,

lncRNAs are transcripts that are greater than 200 nucleotides in length without func-

tional open reading frame (ORF).4 In the past decades, accumulating studies illustrated

that lncRNAs were pivotal regulatory molecules involved in cellular processes and

drug resistance in multiple cancers.5,6 Therefore, it is an urgent need to explore

biological function and clinical significance of these lncRNAs for more reliable clinical

indicators and targets for cancer treatment.

LncRNASNHG5, a transcript of small nucleolar RNA host gene 5 on 6q15, has been

widely concerned as gathering studies revealed its potential role in human cancers.7,8 For

instance, SNHG5 served as an oncogenic factor in glioma via promoting glucose uptake,

migration, invasion in vitro and in-vivo tumorigenesis.9 While Zhao et al reported that

a suppressive role of SNHG5 was detected in gastric cancer.10 Notably, it was also

confirmed that SNHG5 exerted its oncogenic or suppressive effects on other human

cancers including glioblastoma,11 endometrial cancer,12 acute myeloid leukemia,13
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chronic myeloid leukemia,14 melanoma,15 colorectal cancer16

and osteosarcoma.17 Additional clinical features analysis

revealed that SNHG5 had a close correlation with tumor

stage and overall survival.18 Further functional experiments

unfolded that SNHG5 could act as a sponge formiR-154-5p to

elevate expression level of proliferating cell nuclear antigen

(PCNA), thus markedly promoting proliferation.19 In addi-

tion, Wnt/β-catenin signaling, p38/MAPK signaling, mTOR

signaling and ROCK signaling were significantly activated by

SNHG5.11,13,17,20 Surprisingly, Zhao et al also verified that

several biological molecules or proteins, such as metastasis-

associated genes protein 2 (MTA2), spermatogenesis asso-

ciated serine rich 2 (SPATS2), p27 and TRAIL-R1 (DR4)

were involved in the functional process of SNHG5.10,21-23

In this review, we generalized the latest progress in the

expression, function and regulation of lncRNA SNHG5 in

multiple human cancers (Table 1–2) and further explored

its potential role as a clinical biomarker and therapeutic

target for cancers (Figure 1–3).

Aberrant Expression of lncRNA
SNHG5 in Human Cancers
Glioma and Glioblastoma (GBM)
It has been reported that SNHG5 was high-expressed in 87

glioma tissues and four glioma cell lines (LN229, A172,

U251 and U87) compared with corresponding normal tis-

sues and NHAs.9,20,24 Subsequent analysis of clinical para-

meters revealed that high expression level of SNHG5 was

positively correlated with advanced pathological grade (p

< 0.01), and was independent of other parameters includ-

ing age and gender of glioma patients (p > 0.01), suggest-

ing that SNHG5 may be involved in tumorigenesis and

progression of glioma.20 Accordingly, SNHG5 promoted

glioma cell proliferation, migration, invasion and glucose

uptake in vitro.9,24 Loss-of-function assay also verified

that SNHG5 knockdown repressed malignant cellular phe-

notypes of glioma cells.20 Further in-vivo experiments

disclosed that SNHG5 silencing significantly lowered the

volume and weight of the tumors, which illustrated that

SNHG5 knockdown efficaciously inhibited tumor growth.9

Mechanically, SNHG5 could serve as a competing endo-

genous RNA (ceRNA) to modulate the miR-205-5p/zinc

finger E-box binding homeobox 2 (ZEB2) axis24 as well as

miR-205/E2F transcription factor 3 (E2F3) axis9 in glioma

cells. Wnt/β-catenin signaling also participated in the

oncogenic activities of SNHG5.20 Interestingly, Chen

et al confirmed that SNHG5 overexpression promoted

GBM cellular proliferation and inhibited apoptosis via

p38/MAPK signaling.11 However, the effects of SNHG5

on apoptotic response of glioma cells and xenograft

growth of GBM cells are still uncertain. Taken together,

these results have authenticated the correlation between

the increased level of SNHG5 and malignant features of

glioma, and partially indicated the same effects in GBM,

which still needs further exploration.

Nasopharyngeal Carcinoma (NPC)
The gene detection performed by Liu et.al18 in 64 NPC

tissues and two NPC cell lines (NP69 and C666–1) indicated

that the expression level of SNHG5 was remarkably

increased in NPC tissues and cell lines (p < 0.05).

Clinically, the relative higher expression of SNHG5 was

tightly associated with advanced tumor stage and shorter

overall survival. In-vitro experiments unfolded that SNHG5

facilitated proliferation, migration and invasion in addition to

suppressing apoptosis, which would be testified by additional

in-vivo trials. Further mechanical exploration demonstrated

that lncRNA SNHG5 promoted nasopharyngeal carcinoma

progression by regulating miR-1179/highmobility group box

3 (HMGB3) axis. In summary, SNHG5 served as an onco-

genic factor in the progression of NPC, which could be

adopted as a promising predictor and therapeutic target.

Breast Cancer (BRCA)
Relative to normal ones, the expression level of SNHG5 was

elevated in 30 BRCA tissues and cell lines including MDA-

MB-231, MCF7, SKBR3, T47D, BT474 and BT20.25–27

Zahra et al also confirmed that SNHG5 was involved in

cancer stage, overall grade, mitotic rate and tumor size in

BRCA patients.28 Notably, SNHG5 was detected to correlate

with positive reaction of estrogen receptor, progesterone

receptor and Her2/neu expression,28 which were main sub-

types of BRCA patients.29 Besides, SNHG5 knockdown

inhibited proliferation and induced apoptosis, cell-cycle

arrest at G1 phases in BRCA cells.19 Chi et al also investi-

gated that SNHG5 overexpression facilitated BRCA cell

growth in vivo.19 Further mechanical investigation uncov-

ered that SNHG5 acted as a sponge for miR-154-5p to

weaken the suppressive effect of miR-154-5p on PCNA,

thus facilitating cell proliferation.19 In conclusion, SNHG5

could be utilized as an oncogene in BRCA, which may be

a promising biomarker for different subtypes of BRCA

patients.
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Table 1 Oncogenic or Suppressive Roles of lncRNA SNHG5 in Cancers

Human Cancers Roles Assessed Cell Lines Targets Related Biological Activities Reference

Glioma Oncogene U251, LN229 miR-205-5p/ZEB2 axis ↑proliferation 24

Oncogene U251, U87 miR-205/E2F3 axis ↑migration, ↑invasion, ↑xenograft growth 9

Oncogene U251, U87 Wnt/β-catenin signaling ↑proliferation, ↑invasion, ↓apoptosis 20

Glioblastoma (GBM) Oncogene U87, U251 p38/MAPK signaling ↑proliferation, ↓apoptosis 11

Nasopharyngeal

carcinoma (NPC)

Oncogene NP69, C666–1 miR-1179/HMGB3 axis ↑proliferation, ↑migration, ↑invasion, ↓apoptosis 18

Breast cancer

(BRCA)

Oncogene T47D, MDA-MB-231 miR-154-5p/PCNA axis ↑proliferation, ↑cell-cycle, ↓apoptosis, ↑xenograft

growth

19

Hepatocellular

carcinoma (HCC)

Oncogene HepG2, MHCC-97L miR-26a-5p/GSK3β axis ↑proliferation, ↑invasion, ↑migration, ↑cell-cycle,

↓apoptosis, ↑xenograft growth

30

Oncogene Hep3B, Huh7 miR-363-3p/RNF38 axis ↑proliferation, ↑invasion, ↑migration, ↓apoptosis 31

Gastric cancer (GC) Suppressor SGC7901, MKN45 miR-20a ↑apoptosis, ↑autophagy 32

Suppressor SGC-7901, MGC-803 miR-32/KLF4 axis ↓proliferation, ↓migration 33

Suppressor SGC-7901, MGC-803 MTA2 ↓proliferation, ↓migration, ↓invasion, ↓xenograft

growth

10

Oncogene BGC823, SGC7901 / ↑proliferation, ↓apoptosis 34

Colorectal cancer

(CRC)

Oncogene LoVo miR-132-3p/CERB5 axis ↑proliferation, ↑migration, ↓apoptosis, ↑xenograft

growth

16

Oncogene HCT-116, CACO-2, DLD-1 SPATS2 ↑cell-cycle, ↓apoptosis, ↑xenograft growth 21

Renal cell carcinoma

(RCC)

Oncogene ACHN, 786-O miR-205-5p/ZEB1 axis ↑proliferation, ↑migration, ↑invasion, ↑EMT

process, ↑xenograft growth

35

Oncogene 786-O miR-363-3p/Twist1 axis ↑invasion, ↓apoptosis 36

Bladder cancer (BC) Oncogene UMUC3, 5637 p27 ↑proliferation, ↑cell cycle progression, ↑EMT

process, ↓apoptosis

23

Endometrial cancer

(EC)

Suppressor KLE, HEC-1-B miR-25-3p/BTG2 axis ↓proliferation, ↓migration, ↓invasion 12

Acute myeloid

leukemia (AML)

Oncogene HL60 miR-32/DNAJB9 axis ↑proliferation 13

Oncogene HL-60, KG-1a miR-489-3p/SOX4 axis ↑proliferation, ↓apoptosis, ↑xenograft growth 38

Chronic myeloid

leukemia (CML)

Oncogene K562 DR4 ↑proliferation, ↓apoptosis 22

Oncogene K562 miR-205-5p/ABCC2 axis ↑proliferation 14

Melanoma (MM) Oncogene A375, A2508 miR-26a-5p/TRPC3 axis ↑proliferation, ↑invasion, ↓apoptosis 15

Osteosarcoma (OS) Oncogene 143B, U2OS miR-212-3p/SGK3 axis ↑proliferation, ↑migration, ↑invasion, ↓apoptosis 40

Oncogene MG63, U2OS miR-26a/ROCK1 axis ↑proliferation, ↑invasion, ↑ migration, ↑cell-cycle 17

Abbreviations: ZEB2, zinc finger E-box binding homeobox 2; E2F3, E2F transcription factor 3; HMGB3, high mobility group box 3; PCNA, proliferating cell nuclear antigen;

GSK3β, glycogen synthase kinase 3β; RNF38, ring finger protein 38; KLF4, Kruppel like factor 4; MTA2, metastasis-associated genes protein 2; CERB5, cAMP-responsive

element-binding protein 5; SPATS2, spermatogenesis associated serine rich 2; ZEB1, zinc finger E-box binding homeobox 1; EMT, epithelial-mesenchymal transition; BTG2,

B-cell translocation gene 2; DNAJB9, DNAJ homolog subfamily B member 9; SOX4, sex-determining region Y-box 4; DR4, TRAIL-R1; ABCC2, ATP-binding cassette sub-

family C member 2; TRPC3, transient receptor potential canonical 3; SGK3, serum glucocorticoid regulated kinase 3; ROCK1, Rho-associated protein kinase 1.
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Hepatocellular Carcinoma (HCC)
Compared to matched adjacent non-malignant tissues and

human immortalized hepatic cell line THLE-2, SNHG5

expression was significantly elevated in 79 HCC tissues and

four cell lines (HepG2, MHCC-97L Hep3B, Huh7).30,31

Accumulating clinical studies indicated that various clinico-

pathological parameters of HCC, such as tumor size, HBV

infection, histologic grade, TNM stage and portal vein tumor

thrombus (PVTT), were correlated to SNHG5 expression.30

Regarding the prognosis of patients with HCCs, Kaplan–

Meier and log-rank analysis revealed that SNHG5 knockdown

contributed to longer overall survival and lower recurrence

rates of patients.30 In addition, SNHG5 overexpression was

certified to promote proliferation, invasion, migration, cell-

cycle progression and inhibit apoptosis in vitro, while SNHG5

knockdown had an opposite biological effects.30,31 Further in-

vivo investigation showed the oncogenic role of SNHG5 in

tumor growth and metastasis.30 Accordingly, SNHG5 boosted

the progression of HCC via miR-26a-5p/glycogen synthase

kinase-3β (GSK3β) axis30 or miR-363-3p/ring finger protein

38 (RNF38) axis.31 In brief, SNHG5 was of great clinical

significance in diagnosis and treatment of patients with HCCs,

which forecasted its potential clinical application.

Gastric Cancer (GC)
Compared to normal ones, the expression level of SNHG5

was downregulated in GC tissues and cell lines.32 Zhao et al

reported that SNHG5 overexpression reduced cell prolifera-

tion, migration and invasion in GC cell lines including SGC-

7901 and MGC-803.33 Similarly in vivo, the high expression

of SNHG5 inhibited the growth and metastasis of tumors.10

Mechanically, SNHG5, upregulated by L-methionine-α-

deamino-γ-mercaptomethane-lyase (METase), facilitated

cell proliferation, migration and autophagy via sponging

Table 2 Clinical Implications of lncRNA SNHG5 in Cancers

Human Cancers Numbers (Clinical Cases/Controls) Clinical Significance Reference

Glioma 87 glioma tissues and 81 normal brain

tissues

↑pathological grade 9,20,24

Nasopharyngeal carcinoma

(NPC)

64 NPC tissues and adjacent normal breast

tissues

↑tumor stage, ↓overall survival 18

Breast cancer (BRCA) 30 BRCA tissues and adjacent normal

breast tissues

↑tumor stage, ↑tumor size, ↓overall survival 25–28

Hepatocellular carcinoma

(HCC)

79 HCC specimens and non-tumor tissues ↑tumor size, ↑HBV infection, ↑histologic grade, ↑TNM stage, ↑PVTT,

↓overall survival

30,31

Gastric cancer (GC) 13 pairs of GC tissues and non-tumor

tissues

↑cisplatin resistance 32,33

158 GC tissues and non-tumor tissues ↓CEA level, ↓TNM grade, ↓tumor embolus formation 34

Colorectal cancer (CRC) 69 couples of CRC and adjacent tissues ↑tumor stage 16,21

Renal cell carcinoma (RCC) 52 RCC tissues and adjacent normal kidney

tissues

↑TNM stage, ↑tumor size, ↑lymphatic invasion, ↑distant metastasis 35,36

Bladder cancer (BC) 67 BC tissues and matched non-cancerous

tissues

↑tumor range, ↑metastasis, ↑lymph nodes invasion, ↑pathological stage,

↓overall survival

23

Endometrial cancer (EC) 86 EC tissues and non-cancer tissues ↓clinical stage, ↑overall survival, ↑disease-free survival 12

Acute myeloid leukemia

(AML)

101 AML patients and 53 healthy

volunteers

↑FAB classification, ↑unfavorable cytogenetics, ↓overall survival 13,37,38

Chronic myeloid leukemia

(CML)

40 CML patients and 20 healthy volunteers imatinib resistance 14,22

Melanoma (MM) 50 MM tissues and matched normal tissues ↑pathological stag, ↑metastasis 15,39

Osteosarcoma (OS) 32 pairs of OS tissues and adjacent normal

tissues

↑tumor size, ↑tumor grade, ↑metastasis, ↑Enneking stage, ↓overall survival 17,40

Abbreviations: HBV, hepatitis B virus; TNM, tumor-node-metastasis; PVTT, portal vein tumor thrombus; CEA, carcinoembryonic antigen.
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Figure 1 LncRNA SNHG5 exerted functional activities via sponging miRNAs in cancers LncRNA SNHG5 served as a ceRNA, directly interacting with miRNAs and

regulating the production of mature miRNAs, thus participating in multiple biological activities. SNHG5 sponged miR-205-5p, miR-205, miR-1179, miR-154-5p, miR-26a-5p,

miR-363-3p, miR-132-3p, miR-489-3p, miR-212-3p and miR-26a to exert oncogenic activities while sponging miR-20a, miR-32 and miR-25-3p to suppress tumor progression.

Abbreviations: ZEB1/2, zinc finger E-box binding homeobox 1/2; E2F3, E2F transcription factor 3; HMGB3, high mobility group box 3; PCNA, proliferating cell nuclear

antigen; GSK3β, glycogen synthase kinase 3β; TRPC3, transient receptor potential canonical 3; RNF38, ring finger protein 38; KLF4, Kruppel like factor 4; DNAJB9, DNAJ

homolog subfamily B member 9; CERB5, cAMP-responsive element-binding protein 5; BTG2, B-cell translocation gene 2; SOX4, sex-determining region Y-box 4; SGK3,

serum glucocorticoid regulated kinase 3; ROCK1, Rho-associated protein kinase 1.

Figure 2 Involvement of signaling pathways by lncRNA SNHG5 in cancers LncRNA SNHG5 significantly activated Wnt/β-catenin signaling, p38/MAPK signaling, mTOR

signaling and ROCK signaling, involved in various cellular activities including proliferation, migration, invasion, autophagy, cell-cycle, apoptosis and chemotherapy sensitivity.

Abbreviations: GSK3β, glycogen synthase kinase 3β; mTOR, mammalian target of rapamycin; MAPK, mitogen-activated protein kinase; ROCK, Rho-associated protein

kinase.
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miR-20a and miR-32/Kruppel like factor 4 (KLF4) axis in

GC.32,33 Moreover, MTA2, trapped by SNHG5 in the cyto-

sol, was also involved in suppressive activities of GC.10

However, Li et al found that cisplatin-resistance was usually

observed in GC patients, which was correlated with the high

expression level of SNHG5.34 Clinically, cytotoxicity and

apoptosis experiments revealed that lower expression of

SNHG5 sensitizes GC cells to cisplatin.34 Taken together,

the clinical significance of further investigations for SNHG5

has been demonstrated obviously in GC patients despite the

discrepancy of these findings.

Colorectal Cancer (CRC)
It has been acknowledged that SNHG5 was evidently over-

expressed in CRC tissues and cells.16 Interestingly,

Nkerorema et al also investigated that SNHG5 was signifi-

cantly upregulated both in adenomas and stage I carcinoma as

compared with normal tissues, suggesting that SNHG5 over-

expression acted as activator in CRC progression.21 Further

in-vitro experiments revealed that the elevated expression of

SNHG5 promoted proliferation, migration, metastasis, cell-

cycle progression and inhibited apoptosis.16,21 In addition,

SNHG5 exerted pro-tumor effects of facilitating the progres-

sion and growth of CRCs in vivo.16 Subsequent mechanical

studies illustrated that SNHG5 promoted CRC cell survival by

alleviating STAU1-induced degradation of SPATS2.21

Notably, Zhang et al also confirmed relevance of miR-132-

3p/cAMP-responsive element binding protein 5 (CREB5)

axis in the oncogenic process of SNHG5.16 However, the

effects of SNHG5 on prognosis, clinical stage progression

and overall survival of CRC patients are still obscure. In

conclusion, SNHG5 positively affected progression of CRC

tissues and cells, whichmay be an oncogene for CRC patients.

Renal Cell Carcinoma (RCC)
Concluding from the analysis from The Cancer Genome Atlas

(TCGA) database and 72 pairs of humanRCC tissues and non-

tumor tissues, SNHG5 was significantly elevated in RCC

tissues, which was also positively correlated with tumor-

node-metastasis (TNM) stage, tumor size, lymphatic invasion,

and distant metastasis.35,36 Similar high expression of SNHG5

was also detected in RCC cell lines, including ACHN, 786-O,

Figure 3 Interaction with biological molecules or proteins by SNHG5 in cancers LncRNA SNHG5 could be motivated by YY1 or METase at the transcription level or

expression level respectively. Additionally, lncRNA SNHG5 interacted with MTA2, SPATS2, p27 and DR4, thus participating in the modulation of invasion, metastasis,

survival, cell-cycle progression and apoptosis of tumor cells.

Abbreviations: YY1, Yin-Yang 1; METase, L-methionine-α-deamino-γ-mercaptomethane-lyase; MTA2, metastasis-associated genes protein 2; SPATS2, spermatogenesis

associated serine rich 2; DR4, TRAIL-R1.
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SW13 and Caki-1.36 Subsequent in-vitro experiments dis-

closed that SNHG5 knockdown suppressed RCC cellular pro-

liferation, migration and invasion.35 More importantly,

SNHG5 was involved in the epithelial-mesenchymal transi-

tion (EMT) process and apoptotic response.35,36 In xenograft

models of RCC cells, SNHG5 laid an obvious suppressive

effect on tumor volume, weight and pulmonary metastatic

nodules.35 Mechanically, SNHG5 targeted miR-205-5p/zinc

finger E-box binding homeobox 1 (ZEB1) axis35 or miR-363-

3p-Twist1 interaction36 to affect cellular invasion and apopto-

sis. In conclusion, SNHG5 served as an oncogene in the

progression of RCC cells, which could be utilized as a novel

predictor and therapeutic target.

Bladder Cancer (BC)
Ma et al investigated that the expression level of SNHG5

was aberrantly upregulated in 67 BC tissues and four cell

lines, such as SW780, UMUC3, 5637 and T-24.23

Gathering clinical data demonstrated that SNHG5 over-

expression was closely related to larger tumor range (p =

0.001), metastasis (p = 0.013), lymph nodes invasion (p =

0.001) and advanced pathological stage (p = 0.003).23 For

assessment of prognosis, the elevated expression of

SNHG5 contributed to shorter overall survival in patients

with BCs via Kaplan–Meier method analysis (p <

0.001).23 Ma et al also reported that SNHG5 knockdown

inhibited proliferation, EMT process and induced apopto-

sis, cell-cycle arrest at G1 phase.23 Meanwhile, it is an

urgent demand for further investigation on xenograft mod-

els. Mechanically, SNHG5 exerted its oncogenic effects

on BC via targeting p27.23 In short, these results provided

evidence that SNHG5 could serve as a clinical biomarker

for BC and could be promising therapeutic target, which

still needs further in-vivo experiments.

Endometrial Cancer (EC)
Li et al characterized SNHG5 as a stable cytoplasmic

lncRNAwith downregulated expression in EC tumor tissues

via the public tumor sequencing databases GEPIA and

TIMER.12 The elevated expression of SNHG5 was also

positively correlatedwith early clinical stage, improved over-

all survival and disease-free survival of EC patients.12

Furthermore, SNHG5 knockdown notably facilitated the

proliferation, migration and invasion abilities of EC cells

in vitro, whereas SNHG5 overexpression had the opposite

effect.12 Mechanically, SNHG5 modulated malignant sub-

types of EC via the miR-25-3p/B-cell translocation gene 2

(BTG2) axis.12 However, the effect of SNHG5 on tumor

growth in vivo is still ambiguous, which needs additional

studies. In summary, SNHG5 knockdown is strongly linked

to poor prognosis, clinical stage progression and reduced

overall survival of EC patients, which may be a diagnostic

indicator or promising therapy target for EC patients in the

future.

Acute Myeloid Leukemia (AML) and

Chronic Myeloid Leukemia (CML)
Compared to 101 healthy controls, the expression level of

SNHG5 was significantly upregulated in the bone marrow

and plasma of 274AMLpatients (p < 0.01).37,38 The elevated

level of SNHG5 was more frequently found in AML patients

with advanced FAB classification (p < 0.005) and unfavor-

able cytogenetics (p = 0.001).37 In addition, Kaplan-Meier

analysis revealed that the high expression of SNHG5 was

related to shorter overall survival for patients with

AMLs.37,38 Additional in-vitro trials demonstrated that

SNHG5 silencing repressed proliferation while inducing

apoptosis.38 In vitro, the cytotoxicity tests have confirmed

that the overexpression of SNHG5 promoted adriamycin

(ADM) resistance in AML cells, while SNHG5 knockdown

had an opposite influence.13 Interestingly, tumor volume and

weight of xenograft models were also inhibited by SNHG5

knockdown.38 Mechanically, SNHG5 mainly targeted miR-

489-3p/sex determining region Y-box 4 (SOX4) axis or miR-

32/DNAJB9 axis to act as an oncogenic factor in AML.13,38

Similarly in CML cells, SNHG5 promoted imatinib resis-

tance through evaluating cell viability.14 Further investiga-

tion demonstrated that inhibition of SNHG5 suppressed cell

proliferation and induced differentiation, apoptosis of CML

cells.22 Subsequent mechanical investigation showed that

SNHG5 could serve as a ceRNA sponging miR-205-5p to

regulate imatinib resistance.14 Interestingly, DR4, an onco-

gene in the occurrence and development of tumors, was also

involved in functional process of SNHG5.22 In conclusion,

these composite findings confirmed the imbalance of

SNHG5 in AML and CML, forecasting its potential applica-

tion in chemosensitivity.

Melanoma (MM)
Gao et al reported that the elevated expression level of

SNHG5 was found in 50 MM tissues and cells (A375, SK-

MEL-110, M14, MEL-RM, B16, and A2508).15 Clinically,

the serum levels of SNHG5 in patients with MMs were

upregulated obviously, suggesting that SNHG5 may be

involved in genesis and metastasis of melanoma.39
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Moreover, SNHG5 knockdown exerted tumor-suppressive

function by suppressing cell proliferation, invasion and pro-

moting apoptosis in all MM cell lines, whereas SNHG5 over-

expression had an opposite effect.15 Notably, SNHG5

promoted growth and invasion of MM by regulating the

miR-26a-5p/transient receptor potential canonical 3

(TRPC3) axis.15 In summary, SNHG5 may be an MM pro-

tumor factor that is likely to be a prognostic factor and

a potential therapeutic target, which still needs more investi-

gations in vivo to verify.

Osteosarcoma (OS)
The expression level of SNHG5 was significantly higher in

the OS tissues and cell lines including hFOB, U2OS,

SW1353, HOS, Saos2 and MG63 than the normal ones.17

Clinically, the elevated SNHG5 expression was closely

related to enhanced tumor size (p = 0.013), higher tumor

grade (p = 0.012), increased metastasis (p = 0.012) and

elevated Enneking stage (p = 0.015),17 which was also cor-

related with a poor diagnosis in patients with OS.40 As for

biological function, SNHG5 knockdown suppressed cell

proliferation, invasion, migration, and induced apoptosis,

cell-cycle arrest at G0/G1 in vitro, whereas SNHG5 over-

expression had the opposite influence.17,40 Mechanically,

SNHG5 strengthened the tumorigenesis of OS by sponging

the miR-212-3p/serum glucocorticoid regulated kinase 3

(SGK3) axis40 as well as miR-26a/Rho-associated protein

kinase 1 (ROCK1) axis.17 Above all, these studies testified

that SNHG5 acted as an oncogene in OSs and could provide

a target for the treatment and diagnosis of OS patients

(Table 1–2).

Biological Mechanisms of lncRNA
SNHG5 in Human Cancers
Interaction with miRNAs
Accumulating studies have illustrated that lncRNAs could

serve as ceRNAs, which may directly interact with miRNAs

and regulate the production of mature miRNAs, thus parti-

cipating in multiple biological activities.41 For example,

SNHG5 served as a ceRNA for miR-205-5p to elevate

expression of ZEB2 in facilitating glioma progression.24

Li et al also reported that SNHG5 exerted the same effects

in glioma via sponging miR-205 to elevate expression of

E2F3.9 In nasopharyngeal carcinoma, SNHG5 promoted

tumor progression by regulating miR-1179/HMGB3

axis.18 Moreover, SNHG5 targeted miR-154-5p to weaken

the suppressive effect of miR-154-5p on PCNA, which was

significantly involved in proliferation of breast cancer

cells.19 Furthermore, miR-26a-5p, which markedly sup-

pressed GSK3β, was inversely correlated with SNHG5 in

hepatocellular carcinoma.30 In hepatocellular carcinoma,

SNHG5 acted as an oncogene by regulating miR-363-3p/

RNF38 axis.31 Xin et al also found that SNHG5 had

a negative correlation with miR-20a to boost cellular autop-

hagy in gastric cancer.32 In gastric cancer cells, SNHG5

suppressed proliferation and migration via regulating KLF4

expression in a miR-32-dependent manner.33 In addition,

SNHG5 downregulated miR-132-3p to boost CREB5

expression in colorectal cancer.16

Similar roles of SNHG5 were also investigated in other

solid tumors. In renal cell carcinoma, SNHG5 participated in

the initiation and development targeting miR-205-5p/ZEB1

axis.35 Similarly, a study by Li et al confirmed that SNHG5

affected the invasion and apoptosis via miR-363-3p-Twist1

interaction in renal cell carcinoma.36 In endometrial cancer

cells, SNHG5 played a role as tumor inhibitor through upre-

gulation of B-cell translocation gene 2 (BTG2) by suppressing

miR-25-3p.12 Besides, SNHG5 positively regulated DNAJB9

through miR-32 to promote ADM resistance of acute myeloid

leukemia cells.13 Interestingly, SNHG5 also regulated SOX4

expression through competitive combinationwithmiR-489-3p

in acute myeloid leukemia.38 Similarly in chronic myeloid

leukemia, ATP-binding cassette sub-family C member 2

(ABCC2), one of the ATP-binding cassette transporters, was

dramatically upregulated by SNHG5 targeting miR-205-5p,

thus promoting imatinib resistance.14 Additionally, SNHG5

could facilitate TRPC3 expression via sponging miR-26a-5p

in melanoma.15 In osteosarcoma, SNHG5 downregulated

miR-212-3p to elevate SGK3,40 and activated ROCK1 expres-

sion targeting miR-26a17 (Figure 1).

Involvement in Signaling Pathways
To our surprise, SNHG5 has been reported to be relevant to

several signaling pathways, which were involved in various

aspects during tumorigenesis.42 The elevated expression of

SNHG5 reduced the expression of GSK3β and upregulated

the expression of β-catenin, thus activating Wnt/β-catenin
signaling pathway in glioma.20 Similarly, SNHG5 markedly

facilitated GSK3β expression targeting miR-26a-5p through

Wnt/β-catenin signaling pathway in hepatocellular

carcinoma.30 In glioblastoma, p38/MAPK signaling path-

way was activated by the elevation of p-p38/p38, ELK1

and STAT1, which was positively related to SNHG5.11

Wang et al also found that DNAJB9, elevated by SNHG5,

resulted in a decrease in mTOR and p62 expression, with
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increased LC3B expression, via mTOR signaling pathway in

acute myeloid leukemia.13 Moreover, SNHG5 promoted

ROCK1 expression and further activated the ROCK signal-

ing pathway through upregulation of p-MLC and p-MYPT

in osteosarcoma17 (Figure 2).

Other Biological Molecules
In gastric cancer, SNHG5 promoted MTA2 trapped in the

cytosol.10 In addition, STAU1 could be alleviated by SNHG5,

promoted colorectal cancer cells progression by degradation

of SPATS2.21 Ma et al reported that the effect of SNHG5 on

bladder cancer cells was partially involved with targeting

p27.23 Moreover, the methylation and downregulation of

DR4 could also be induced by SNHG522 (Figure 3).

Conclusions and Future
Perspectives
Many lncRNAs are certified to exhibit low inter-species

homology and high tissue-specific signature, manifesting the

significance of lncRNAs in cellular differentiation and devel-

opment in human cancers.43 Moreover, Abbasifard et al also

found that lncRNAs were involved in multiple pathological

processes, including extracellular matrix (ECM) degradation,

inflammatory responses, apoptosis and angiogenesis.44

Recently, accumulating efforts have been made to investigate

the clinical significance of lncRNAs in human cancers.45 All

the above findings may provide reliable and comprehensive

evidence for clinical application of lncRNAs.

SNHG5, a relatively novel lncRNA, was attached to more

and more attention due to its distinct biological and clinical

effects in human cancers. Concluding from current clinical

investigation results, SNHG5 overexpression was detected in

multiple human cancers, including glioma,20,24 acute myeloid

leukemia,37 breast cancer,25,28 melanoma,15,39 colorectal

cancer,16,21 osteosarcoma,17,40 hepatocellular carcinoma30

and bladder cancer.23 In these cancers, SNHG5 could serve

as an oncogene in tumor size, pathological stage, recurrence

rate and overall survival. Conversely, SNHG5 exerted an

opposite influence in endometrial cancer, of which the over-

expression was correlated with early clinical stage, improved

overall survival and disease-free survival.12 In addition, the

elevated expression of SNHG5 contributed to chemotherapy in

acute myeloid leukemia and chronic myeloid leukemia,13,14

which was consistent with cisplatin-resistant patients in gastric

cancers.34 Taken together, these results have confirmed the

significance of further application for SNHG5 in human

cancers.

Meanwhile, there were some overlaps on the role of

SNHG5 in particular tumors. For example, miRNA-

32,13,33 miR-26a-5p15,30 and miR-363-3p31,36 were

involved in functional processes of SNHG5 in two or

more cancers, suggesting that the three miRNAs may be

specific receptors of SNHG5, which could also be inves-

tigated in other tumors. Moreover, Wnt/β-catenin signaling

pathway could be activated by SNHG5 directly or

indirectly,20,30 indicating its significance in biological

activities of SNHG5. However, overlaps were accompa-

nied by some conflicts deserving additional studies. It was

reported that in gastric cancer, SNHG5 suppressed prolif-

eration, migration, invasion in vitro and inhibited the

tumor growth and metastasis in vivo.10,33 While Li et al

found that SNHG5 acted as an oncogene in facilitating

proliferation and inhibiting cell apoptosis, thus promoting

gastric cancer resistance to cisplatin.34 We suppose that the

main reasons for this differential expression of SNHG5

may result from gene copy variation (deletion or amplifi-

cation), transcription factors, histone modifications or

DNA methylation. For example, the heterogeneity that

tumors vary in gene expression and genetic alterations

could assume the responsibility. Moreover, in the latter

experiment, the tumor microenvironment may be chal-

lenged by the chemotherapy drug, thus inducing the dif-

ferential expression. The two hypotheses would provide

directions for further exploration of SNHG5 and propose

a demand for novel RNA sequencing methods.

To our surprise, some upstream transcriptional regulators

of SNHG5 were also detected in recent years. Yin-Yang 1

(YY1), a transcription factor ubiquitously expressed in all

human tissues, could induce the overexpression of SNHG5,

thus facilitating progression of GBM. Subsequent ChIP

assay results disclosed that YY1 bound with specific sites

(−723~-728: ACCATC) in the promoter of SNHG5, which

might accelerate the transcription rate.11 Xin et al also

explored that SNHG5 could be significantly upregulated by

METase, while the related functional mechanism was still

ambiguous.32 Nevertheless, there are still several limitations

with current investigation. Firstly, the role of SNHG5 in

some known cancers, including glioblastoma and acute mye-

loid leukemia, is still blurred, which needs more experiments

in vitro and in vivo. Secondly, the functions and mechanisms

of SNHG5 in other cancers should be detected. Last but not

least, subsequent exploration of upstream transcriptional reg-

ulators for SNHG5 is urgently needed.

In conclusion, SNHG5 has been verified its role in

cellular activities and clinical practices in human cancers
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via miRNAs, signaling pathways and biological molecules

or proteins, which may be promising clinical biomarker

and therapeutic target for cancer treatment.
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