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Background: Colorectal cancer (CRC) is the most common cause of cancer-related mortality in

the world. Long non-coding RNAs (lncRNAs) are involved in the development of many cancers.

However, studies on the effect of lncRNA small nucleolar RNA host gene 16 (SNHG16) on the

proliferation, metastasis and apoptosis of CRC are still few.

Methods: Quantitative real-time polymerase chain reaction (qRT-PCR) was performed to deter-

mine the expression levels of SNHG16, microRNA-132-3p (miR-132-3p) and ubiquitin specific

peptidase 22 (USP22). The proliferation, apoptosis, migration and invasion of CRC cells were

evaluated by the 3-(4,5-dimethyl-2 thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) assay,

flow cytometry and transwell assay, respectively. Dual-luciferase reporter assay was used to verify

the interactions among SNHG16, miR-132-3p and USP22. Also,Western blot analysis was used to

assess the protein levels of USP22 and metastasis-related markers. Moreover, mice xenograft

models were used to determine the effect of SNHG16 on CRC tumor growth in vivo.

Results: SNHG16 was highly expressed in CRC tissues and cells. Knockdown of SNHG16

reduced the proliferation, migration, invasion, and promoted the apoptosis of CRC cells. MiR-132-

3p could interact with SNHG16, and its inhibitor recovered the suppression effect of silenced

SNHG16 on CRC cell progression. Besides, USP22 was a target of miR-132-3p, and its over-

expression restored the inhibition effect ofmiR-132-3pmimic onCRCcell progression. In addition,

interference of SNHG16 reduced CRC tumor growth in vivo.

Conclusion: LncRNA SNHG16 might act as an oncogene in CRC. The discovery of the

SNHG16/miR-132-3p/USP22 pathway provided new thinking for the treatment of CRC.
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Introduction
Colorectal cancer (CRC) has become a common type of cancerworldwide and progresses

rapidly.1,2 According to statistics, there were more than 1.8 million new CRC cases

worldwide in 2018, ranking the third and second respectively in morbidity and

mortality.3 In recent decades, significant progress has been made in the prevention,

diagnosis and treatment of CRC.4,5 However, due to the complex pathogenesis of CRC,

the 5-year survival rate of CRCwas still very low.6 Therefore, it is urgent to elucidate the

molecular mechanism of CRC and explore new approaches to treat CRC.

Studies have shown that many pro-cancer and anti-cancer genes, long non-coding

RNAs (lncRNAs) and microRNAs (miRNAs) are correlated with the occurrence of

CRC.7,8 Both lncRNAs and miRNAs belong to non-coding RNAs, with a length of

about 20 to 200 nucleotides (nts), respectively.9 Also, lncRNAs and miRNAs could
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function as the oncogenes or tumor suppressor genes in CRC

development process by regulating cell proliferation, invasion,

apoptosis and prognosis.10–12 For instance, lncRNA Malat1

inducedCRCcell proliferation and inhibited apoptosis through

sponging miR-101, hence promoted the CRC progression.13

Du et al discovered that lncRNA DUXAP8 served as compet-

ing endogenous RNA (ceRNA) to modulate miR-577 to pro-

mote the metastasis of CRC cells.14 Besides, Zhao et al

reported that lncRNA LINC02418 regulated CRC tumorigen-

esis by absorbing miR-1273g-3p.15 Therefore, to explore the

mechanism of lncRNAs in CRC was beneficial to provide

more new evidence for CRC genomic therapy.

Small nucleolar RNA host gene 16 (SNHG16) has been

shown to be highly expressed in many cancers, including

hepatocellular carcinoma, breast cancer and glioma.16–18

Similarly, Li et al found that SNHG16 expression was

increased in CRC and was correlated with the poor prognosis

of CRC patients.19 Furthermore, Christensen et al confirmed

that SNHG16 was related to the lipid metabolism of CRC.20

However, few studies have been conducted on the regulation of

CRC proliferation and metastasis by SNHG16 at present.

In our research, we investigated the role and mechanism of

SNHG16 in CRC progression. The discovery of the SNHG16/

miR-132-3p/USP22 axis established the effect of SNHG16 as

an oncogene in CRC, and provided a new possibility for

targeted therapy of CRC.

Materials and Methods
Tissue Samples Collection
Tumor tissues and adjacent normal tissues of 50 CRC patients

admitted to Liu Zhou People’s Hospital from July 2016 to

January 2018 without any treatment were collected. All

patients signed informed consent, and the study plans were

authorized by the Ethics Committee of Liu Zhou People’s

Hospital.

Cell Culture and Transfection
CRC cell lines (SW480 and SW620) and normal human

colonic epithelial cells (CCD841 CON) were bought

from the American Type Culture Collection (ATCC,

Manassas, VA, USA). Culture medium was contained

with RPMI-1640 (Gibco, Waltham, MA, USA), 10%

fetal bovine serum (FBS; Gibco), 100 U/mL penicillin

and 0.1 mg/mL streptomycin (Invitrogen, Carlsbad, CA,

USA), and all cells were cultured in a 5% CO2 at 37°C

incubator. Small interfering RNA (siRNA) against

SNHG16 and ubiquitin specific peptidase 22 (USP22)

(si-SNHG16 and si-USP22) or negative control (si-NC),

SNHG16 and USP22 overexpression plasmids (pcDNA-

SNHG16 and pcDNA-USP22) or negative control

(pcDNA), miR-132-3p mimic (miR-132-3p), miR-132-

3p inhibitor and their negative controls (miR-NC and

inhibitor-NC) were purchased from RiboBio

(Guangzhou, China). Lentiviral short hairpin RNA

(shRNA) targeting SNHG16 (sh-SNHG16) and negative

control (sh-NC) were synthesized by Genechem

(Shanghai, China). All oligonucleotides or plasmid vec-

tors were transfected into SW480 and SW620 cells

using Lipofectamine 3000 (Invitrogen).

Quantitative Real-Time Polymerase Chain

Reaction (qRT-PCR)
TRIzol reagent (Invitrogen) was utilized for extracting the

total RNA. The Reverse Transcription Kit (Takara, Dalian,

China) was used to synthesize cDNA. SYBR Green (Takara)

was used to quantify the levels of SNHG16, miR-132-3p and

USP22 using ABI7500 system (Applied Biosystems, Foster

City, CA, USA). The amplification process was as below:

denaturation at 95°C for 5 min, followed by 40 cycles of at

95°C for 15 s, annealing at 55°C for 30 s, and extension at

60°C for 1 min. Glyceraldehyde 3-phosphate dehydrogenase

(GAPDH) and U6 were used as internal controls. The pri-

mers were listed as below: SNHG16: F, 5ʹ-CAGAATGCCAT

GGTTTCCCC-3ʹ, R, 5ʹ-TGGCAAGAGACTTCCTGAGG

-3ʹ; USP22: F, 5ʹ-GGCGGAAGATCACCACGTAT-3ʹ, R, 5ʹ-

TTGTTGAGACTGTCCGTGGG-3ʹ; GAPDH: F, 5ʹ-CC

ACATCGCTCAGACACCAT-3ʹ, R, 5ʹ-ACCAGGCGCCCA

ATACG-3ʹ; miR-132-3p: F, 5ʹ-GCGCGCGTAACAGTC

TACAGG-3ʹ, R, 5ʹ-GTCGTATCCAGTGCAGGGTCC-3ʹ;

U6: F, 5ʹ-CTCGCTTCGGCAGCACATATACT-3ʹ, R, 5ʹ-

CGCTTCACGAATTTGCGTGT-3ʹ. The fold-change was

calculated using the 2−ΔΔCt method.

Cell Vitality Assay
The proliferation of CRC cells was determined using

3-(4, 5-dimethyl-2 thiazolyl)-2, 5-diphenyl-

2-H-tetrazolium bromide (MTT) Assay Kit (Beyotime,

Shanghai, China). The transfected SW480 and SW620

cells were cultured with MTT solution for 4 h. After the

cells were washed with phosphate buffer saline (PBS),

dimethylsulfoxide (DMSO) was added for shock disso-

lution for 10 min, and the absorbance at 490 nm was

tested using a spectrophotometer.
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Flow Cytometry
Annexin V-FITC/PI Apoptosis Detection Kit (Yeasen,

Shanghai, China) was used for detecting cell apoptosis.

In brief, after digestion with trypsin, SW480 and SW620

cells were re-suspended with PBS and collected into the

centrifuge tube. Then, the cells were stained with

Annexin V-FITC and PI away from light for 20 min.

Flow cytometer (Merck KGaA, Darmstadt, Germany)

was used to detect the fluorescence signals of cells to

evaluate the number of apoptotic cells.

Transwell Assay
Transwell assay was performed using 8 μm polycarbo-

nate membrane of chambers (Corning Inc., Corning,

NY, USA). The upper chambers were pre-coated with

Matrigel (BD Biosciences, San Jose, CA, USA) to

detect cell invasion, while uncoated to detect cell

migration. The transfected SW480 and SW620 cells

were collected and seeded into the upper chambers.

The upper chambers were filled with serum-free med-

ium, and the lower chambers were filled with serum

medium. After 24 h, the lower chamber cells were

fixed with paraformaldehyde and stained with crystal

violet. Finally, images were taken under a microscope

(Shoif, Shanghai, China) to observe and count the

number of migrated and invaded cells (× 200).

Dual-Luciferase Reporter Assay
The SNHG16 wild-type (SNHG16-WT) and mutant-type

(SNHG16-MUT) reporter vectors containing the miR-

132-3p binding sites and mutant binding sites were

synthesized by General Biosystems (Anhui, China).

Similarly, USP22 3ʹUTR-WT/MUT reporter vectors

were constructed in the same way. The above reporter

vectors were co-transfected with miR-132-3p mimic and

miR-NC into SW480 and SW620 cells using

Lipofectamine 3000. After 48 h, Dual-luciferase

Reporter Assay Kit (Promega, Madison, WI, USA)

was performed to detect the luciferase reaction intensity

of Firefly and Renilla to evaluate the luciferase activities

of cells (Firefly luciferase reaction intensity/Renilla luci-

ferase reaction intensity).

Western Blot (WB) Analysis
SW480 and SW620 cells were lysed with lysis buffer

(Beyotime). Protein concentration was measured using

the BCA Assay Kit (Yeasen). Protein samples were

separated by sodium dodecyl sulfate-polyacrylamide

gel electrophoresis (SDS-PAGE) gel and then trans-

ferred onto polyvinylidene fluoride (PVDF) membranes

(Millipore, Billerica, MA, USA). After blockage with

5% non-fat milk, the membranes were cultured with the

primary antibodies against USP22 (1:2000, Invitrogen),

MMP2 (1:800, Invitrogen), MMP9 (1:1000, Invitrogen)

or β-actin (1:5000, Invitrogen) overnight at 4°C. Then,

the membranes were cultured with horseradish peroxi-

dase-coupled secondary antibody (1:2000, Invitrogen).

Protein signals were observed with an enhanced chemi-

luminescence (ECL) solution (Beyotime).

Mice Xenograft Models
Twelve male BALB/c-nude mice (5-week-old) were bought

from Beijing Vital River Laboratory Animal Technology Co.,

Ltd. (Beijing, China). SW620 cells transfected with sh-

SNHG16 or sh-NC (n = 6 per group) were subcutaneously

injected into the mice. From d 7, the tumor length and width

were recorded to calculate tumor volume every 5 d. After 27 d,

the tumor was removed for weight measurement and qRT-

PCR, and the lung, liver and brain tissues were isolated to

count the number of metastatic nodules. All experiments were

authorized by the Animal Care Committee of Liu Zhou

People’s Hospital and performed in compliance with the

ARRIVE guidelines and the Basel Declaration.

Statistical Analysis
Data were presented as mean ± standard deviation (SD).

Statistical analysis was performed using GraphPad 5.0 soft-

ware (GraphPad Software, La Jolla, CA, USA). The Student’s

t-test and one-way analysis of variance (ANOVA)were used to

analyze the differences between the paired groups andmultiple

groups, respectively. The significant difference was defined as

P < 0.05.

Results
SNHG16 Was Highly Expressed in CRC
To investigate the effect of SNHG16 on CRC, we first

detected the expression of SNHG16 in CRC. As shown

in Figure 1A, compared with adjacent normal tissues,

SNHG16 expression was markedly increased in CRC

tumor tissues. Besides, compared with CCD841 CON

cells, the level of SNHG16 was also up-regulated in

SW480 and SW620 cells (Figure 1B). These indicated

that SNHG16 had an abnormal expression in CRC.
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Figure 2 Silenced-SNHG16 regulated the progression of CRC cells. SW480 and SW620 cells were transfected with si-SNHG16 and si-NC. (A–B) The expression of

SNHG16 was detected by qRT-PCR to evaluate the transfection efficiency of si-SNHG16. The results of MTT assay (C–D), flow cytometry (E) and transwell assay (F–G)

suggested that SNHG16 knockdown inhibited the proliferation, promote the apoptosis and suppressed the migration and invasion of CRC cells. *P < 0.05.
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Figure 1 The expression of SNHG16 in CRC tissues and cells. (A) QRT-PCR revealed that the expression of SNHG16 was highly expressed in CRC tumor tissues (Tumor)

(n = 50) compared to adjacent normal tissues (Normal) (n = 50). (B) The results of qRT-PCR indicated that SNHG16 expression was up-regulated in CRC cells (SW480 and

SW620) compared with that in colonic epithelial cells (CCD841 CON). *P < 0.05.
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Silencing of SNHG16 Suppressed the

Proliferation, Migration, Invasion and

Promoted the Apoptosis of CRC Cells
Subsequently, we verified the effect of SNHG16 on

CRC cell progression by reducing the expression of

SNHG16. The efficiency test results showed that si-

SNHG16 had an excellent inhibitory effect on

SNHG16 expression, which could be used for follow-

up experiments (Figure 2A and B). MTT assay revealed

that knockdown of SNHG16 impaired the proliferation

ability of SW480 and SW620 cells (Figure 2C and D).

Flow cytometry confirmed that si-SNHG16 accelerated

the number of apoptotic CRC cells (Figure 2E). Besides,

transwell assay results further demonstrated that the

migration and invasion capacities of SW480 and

SW620 cells were decreased by SNHG16 silencing

(Figure 2F and G). In addition, we also measured the

effect of SNHG16 overexpression on the proliferation,

migration and invasion of CRC cells. Contrary to the

results of SNHG16 knockdown, we discovered that

overexpression of SNHG16 could promote the prolifera-

tion, migration and invasion of SW480 and SW620 cells

(Supplement Figure 1). These results confirmed that

SNHG16 played a pro-cancer role in CRC progression.
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MiR-132-3p Had a Targeting Relationship

with SNHG16 in CRC
To investigate the effect of SNHG16 on the proliferation

and metastasis of CRC cells, we used the Starbase3.1 tool

to predict the targets of SNHG16 and found that miR-132-

3p had complementary binding sites with SNHG16.

Subsequently, we constructed the SNHG16-WT and

SNHG16-MUT reporter vectors to verify the functional

relationship between SNHG16 and miR-132-3p (Figure

3A). Dual-luciferase reporter assay demonstrated that

miR-132-3p mimic could significantly repress the lucifer-

ase activity of SNHG16-WT, while had no effect on

SNHG16-MUT (Figure 3B and C). Besides, miR-132-3p

expression was increased by SNHG16 knockdown, and

reduced by SNHG16 overexpression, indicating that

miR-132-3p expression was regulated by SNHG16 in

CRC (Figure 3D and E). Through qRT-PCR, we found

that the expression of miR-132-3p was decreased in CRC

tumor tissues and cells (Figure 3F and G). Also, correla-

tion analysis revealed that the expression of miR-132-3p

was negatively correlated with SNHG16 in CRC tissues

(Figure 3H). Therefore, we confirmed that miR-132-3p

could interact with SNHG16 in CRC.

MiR-132-3p Inhibitor Recovered the

Suppression Effect of SNHG16

Knockdown on CRC Cell Progression
To verify whether SNHG16 regulating CRC cell progres-

sion by sponging miR-132-3p, SW480 and SW620 cells

were co-transfected with si-SNHG16 and miR-132-3p

inhibitor. The efficiency experiment results showed that

the miR-132-3p inhibitor significantly blocked miR-132-

3p expression (Figure 4A). Through the test results of

MTT, flow cytometry and transwell assays, we concluded

that miR-132-3p inhibitor could reverse the inhibition

effect of silenced-SNHG16 on the proliferation, migration

and invasion of SW480 and SW620 cells, as well as the

promotion effect on apoptosis (Figure 4B–F). These

results indicated that SNHG16 regulated the proliferation,

apoptosis, migration and invasion of CRC cells through

sponging miR-132-3p.

USP22 Was a Target of miR-132-3p in

CRC
To perfect the mechanism of SNHG16, we used the

TargetScanHuman tool to predict the downstream target

genes of miR-132-3p, and the results showed that USP22
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Figure 4 Knockdown of SNHG16 and miR-132-3p regulated the progression of CRC cells. SW480 and SW620 cells were co-transfected with si-SNHG16 and miR-132-3p
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cells. * P < 0.05.
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had the complementary binding sites with miR-132-3p, so

we constructed USP22 3ʹUTR-WT and USP22 3ʹUTR-

MUT reporter vectors for the validation of dual-

luciferase reporter assay (Figure 5A). The results showed

that overexpression of miR-132-3p remarkably inhibited

the luciferase activity of USP22 3ʹUTR-WT in SW480 and

SW620 cells, without affecting the luciferase activity of

USP22 3ʹUTR-MUT (Figure 5B and C). Then, the mRNA

and protein expression levels of USP22 were down-

regulated in SW480 and SW620 cells transfected with

miR-132-3p mimic (Figure 5D and E). Besides, through

detecting the expression of USP22, we found that UCSP22

was increased in CRC tumor tissues and cells (Figure 5F

and G), and was negatively correlated with miR-132-3p

level in CRC tissues (Figure 5H). These results confirmed

the targeting relationship between USP22 and miR-132-3p

in CRC.

Overexpressed USP22 Restored the

Inhibition Effects of miR-132-3p on CRC

Cell Progression
Subsequently, we determined the effect of USP22 knock-

down and overexpression on CRC cell progression.

Through measuring the proliferation, migration and inva-

sion of SW480 and SW620 cells, we uncovered that

USP22 knockdown could suppress the proliferation,

migration and invasion of CRC cells, while USP22
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Figure 5 USP22 was a target of miR-132-3p. (A) Wild-type and mutant-type USP22 3ʹUTR reporter vectors (USP22 3ʹUTR-WTand USP22 3ʹUTR-MUT) were established

according to the complementary sequences of miR-132-3p. (B–C) Dual-luciferase reporter assay confirmed that USP22 could interact with miR-132-3p in SW480 and

SW620 cells. (D–E) QRT-PCR and WB analysis results revealed that miR-132-3p overexpression could suppress the mRNA and protein levels of USP22 in SW480 and

SW620 cells. (F–G) The expression of USP22 was increased in CRC tumor tissues and cells detected by qRT-PCR. (H) Pearson correlation coefficient analysis suggested

that USP22 expression was negatively correlated with miR-132-3p expression in CRC tissues. * P < 0.05.
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overexpression had an opposite effect (Supplement

Figure 2). To confirm whether miR-132-3p regulated

CRC cell progression through targeting USP22, we co-

transfected with USP22 overexpression plasmid and

miR-132-3p mimic into SW480 and SW620 cells. BY

detecting the mRNA and protein expression of USP22,

we discovered that USP22 overexpression could markedly

restore the inhibition effect of miR-132-3p mimic on

USP22 expression, indicating that the transfection effi-

ciency of miR-132-3p mimic and pcDNA-USP22 was

good (Figure 6A and B). Further experimental verification

showed that overexpression of USP22 reversed the sup-

pression effects of miR-132-3p overexpression on the pro-

liferation, migration and invasion of SW480 and SW620

cells, as well as the acceleration effect of apoptosis

(Figure 6C–G), further confirming that miR-132-3p regu-

lated the progression of CRC by targeting USP22.

SNHG16 Improved USP22 Expression via

Sponging miR-132-3p in CRC Cells
Meanwhile, we examined the expression of USP22

under the premise of knocking down SNHG16 and

miR-132-3p. QRT-PCR results showed that the

SNHG16 knockdown could inhibit the expression of

USP22 in SW480 and SW620 cells, while the addition

of miR-132-3p inhibitor could reverse this effect (Figure

7A and B). Also, WB results confirmed that the inhibi-

tion of si-SNHG16 on the expression of USP22 could be

alleviated by miR-132-3p inhibitor in SW480 and

SW620 cells (Figure 7C and D). Hence, our data
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Figure 6 Overexpression of miR-132-3p and USP22 regulated the progression of CRC cells. MiR-132-3p mimic and pcDNA-USP22 or their negative controls (miR-NC and

pcDNA) were co-transfected into SW480 and SW620 cells. (A–B) The mRNA and protein expression of USP22 was evaluated by qRT-PCR and WB analysis to evaluate the

transfection efficiency of miR-132-3p mimic and pcDNA-USP22. The results of MTT assay (C–D), flow cytometry (E) and transwell assay (F–G) showed that USP22

overexpression could reverse the inhibition effect of miR-132-3p overexpression on the proliferation, migration and invasion, and the increasing effect of it on the apoptosis

of were used to detect the abilities of SW480 and SW620 cells. * P < 0.05.
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suggested that SNHG16 regulated USP22 level through

sponging miR-132-3p in CRC.

Interference of SNHG16 Reduced Tumor

Growth in vivo
We also constructed the mice xenograft models to further

verify the effect of SNHG16 on CRC tumor growth

in vivo. As shown in Figure 8A, the tumor volume of

the sh-SNHG16 group was significantly smaller than that

of the sh-NC group with an increase of transplantation

days. After tumor weighing, we found that the tumor

weight in the SNHG16 knockdown group was obviously

decreased (Figure 8B). According to qRT-PCR analysis,

silenced-SNHG16 blocked the expression levels of

SNHG16 and USP22 and promoted miR-132-3p level in

tumors (Figure 8C). In addition, in isolated lung, liver and

brain tissues, metastatic nodules were observed only in

isolated lung tissues, and by calculating the number of

metastatic nodules, we found that knockdown of

SNHG16 significantly decreased the number of metastasis

nodules (Figure 8D). Furthermore, the protein levels of

metastasis-related markers (MMP2 and MMP9) were

detected to evaluate the metastasis ability of CRC tumors

in vivo. As shown in Figure 8E, the results revealed that
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knockdown on the protein level of USP22 in SW480 and SW620 cells. *P < 0.05.

Dovepress He et al

OncoTargets and Therapy 2020:13 submit your manuscript | www.dovepress.com

DovePress
4291

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


the protein levels of MMP2 and MMP9 in the sh-SNHG16

group were obviously suppressed compared with the sh-

NC group, indicating that SNHG16 knockdown could

inhibit the metastasis ability of CRC tumors in vivo.

These data suggested that silencing of SNHG16 impeded

the tumor growth of CRC through regulating the expres-

sion levels of miR-132-3p and USP22 in vivo.

Discussion
Recent studies have shown that SNHG16 was a potential

oncogene in many cancers. In CRC, Li et al reported that

SNHG16 improved CRC progression and tumor growth.19 In

our system, consistent with published findings, SNHG16was

enriched in CRC tumor tissues and cells. Functional experi-

ments confirmed that SNHG16 knockdown restrained the

progression of CRC cells in vitro and reduced CRC tumor

growth in vivo. Consistent with the role of SNHG16 on other

cancers,16–18 our results revealed that SNHG16 played an

active role in the development of CRC. Therefore, elucidat-

ing the molecular mechanism of SNHG16 in CRC can help

us develop new methods to treat CRC.

MiR-132-3p was a tumor suppressor miRNA in multiple

cancers, including mesothelioma, bladder carcinoma and

breast cancer.21–23 Previous studies have covered the low

level of miR-132-3p in CRC compared with normal samples,

and overexpression of miR-132-3p restrained the
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Figure 8 SNHG16 knockdown regulated the tumor growth of CRC in vivo. SW620 cells transfected with sh-SNHG16 or sh-NC were subcutaneously injected into the

mice to construct the xenograft models. The tumor volume (A) and tumor weight (B) in the sh-SNHG16 group was remarkably reduced compared to the sh-NC group. (C)

QRT-PCR results revealed that SNHG16 and USP22 expression was decreased, while miR-132-3p expression was increased in the tumor tissues of the sh-SNHG16 group
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proliferation and metastasis of CRC cells.24 Song et al sug-

gested that miR-132-3p might involve in the regulation of

XIST on CRC cell proliferation.25 In our researches, we

proved that SNHG16 could sponge miR-132-3p in CRC,

and miR-132-3p expression was regulated by SNHG16

in vitro and in vivo. Consistent with the previous studies,

our results revealed that miR-132-3p expression was reduced

in CRC. Additionally, the results of rescue experiments sug-

gested that SNHG16 regulated CRC proliferation, apoptosis,

migration and invasion by sponging miR-132-3p. Therefore,

we confirmed that miR-132-3p also could act as a tumor

suppressor in CRC. In addition, the anti-cancer effect of

miR-132-3p also helps us better understand the potential

causes of SNHG16 promoting CRC progression.

USP22 is amember of the deubiquitinating enzyme (DUB)

family, which is related to the occurrence and development of

various tumor types, including CRC.26–28 Depletion of USP22

led to the accumulation in G1 phase and blocked the prolifera-

tion of CRC cells.29 It has been identified that high USP22

expressionwasmarkedly associatedwith the poor prognosis of

CRC.30 Consistent with previous research results, here, we

found that USP22 expression was improved in CRC, and it

could play a pro-cancer role in CRC progression. In terms of

mechanism, our results revealed that USP22 was a target of

miR-132-3p. Moreover, the abnormal expression of USP22

recovered the detraction function of miR-132-3p overexpres-

sion on proliferation and metastasis of CRC cells to promote

theCRCprogression. To improve the functional relationship of

SNHG16/miR-132-3p/USP22 axis, we also tested the effects

of SNHG16 and miR-132-3p on USP22 level. Our results

confirmed that SNHG16 regulated USP22 expression by

sponging miR-132-3p. These results perfected the hypothesis

that lncRNA SNHG16 served as a ceRNA to regulate the

expression of downstream target genes through sponging

miRNAs,31 and enriched the study of SNHG16 on CRC

progression.

Of course, the current study has some limitations. For the

proliferation, apoptosis and metastasis of cells, the detection

results of relevant protein levels may further verify our experi-

mental results and enrich our experimental content. In addition,

our study found that the reversal effect ofmiR-132-3p inhibitor

onSNHG16knockdownwas only partial, suggesting that there

may be other miRNAs involved in the regulation of SNHG16

on CRC progression, so further confirmation is needed.

Conclusion
In summary, we concluded that lncRNA SNHG16 regu-

lated USP22 expression to improve CRC progression

through absorbing miR-132-3p. Our results provided

a clear recognizing of the relationship between lncRNA

SNHG16 and CRC molecular pathogenesis, providing

a potential pathway for the treatment of CRC.
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