3

ORIGINAL RESEARCH

Long Noncoding RNA SNHG 2 Indicates the
Prognosis and Accelerates Tumorigenesis of
Diffuse Large B-Cell Lymphoma Through Sponging

microR-195

Li-Yan Chen

Xiao-Min Zhang

Bi-Qing Han

Hai-Bin Dai

Department of Hematology, The 2nd
Affiliated Hospital of Harbin Medical

University, Harbin 150001, Heilongjiang,
People’s Republic of China

Correspondence: Hai-Bin Dai
Department of Hematology, The 2nd
Affiliated Hospital of Harbin Medical
University, Harbin 150001, Heilongjiang,
People’s Republic of China

Email haibindail | @aliyun.com

This article was published in the following Dove Press journal:
OncoTargets and Therapy

Background: Small nucleolar RNA host gene 12 (SNHG12) expression is associated with
multiple cancers, including renal cell carcinoma, prostate cancer, cervical cancer, nasophar-
yngeal carcinoma, colorectal cancer, and hepatocellular carcinoma. However, SNHG12
biological function is unclear in diffuse large B-cell lymphoma (DLBCL).

Methods: SNHG12 expression and associated clinicopathological characteristics were eval-
uated in DLBCL tissues. CCK-8 and transwell assay were used to analyze the in vitro role of
SNHG12 in DLBCL progression. The xenograft model was used to explore the in vivo role
of SNHG12 in DLBCL growth. The physical interaction between SNHG12 and miR-195
was confirmed using bioinformatics analysis and a dual luciferase assay.

Results: SNHG12 expression was upregulated in DLBCL tissues and correlated with
patients’ prognosis. SNHG12 downregulation inhibited cell growth, migration, and invasion
of DLBCL cells in vitro, while its overexpression promoted these cellular processes.
Moreover, SNHG12 knockdown repressed tumorigenesis of DLBCL cells in vivo. Further
experiments demonstrated that miR-195 is a target of SNHG12 in DLBCL and that their
expression negatively correlates in DLBCL. SNHG12 functioned as a competing endogenous
RNA for miR-195 in DLBCL cells and miR-195 upregulation abolished the effects of
SNHGI12 on of DLBCL progression.

Conclusion: SNHG12 predicts poor clinical outcome and serves as a novel oncogene in
DLBCL via miR-195 sponging. We also suggest that SNHG12 can be used as a potential
therapeutic candidate for DLBCL patients.
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Introduction

Lymphoma is a common cancer that develops in the hematologic and lymphoid
systems, such as the lymph nodes, spleen, thymus and extra-nodal lymphatic tissues
and organs.'” Diffuse large B-cell lymphoma (DLBCL) is one of the most pre-
valent types of non-Hodgkin’s lymphoma, that has an increasing incidence,
accounting for almost 30% and 45.8% of non-Hodgkin’s lymphoma in Western
countries and in China, respectively.”* DLBCL is a heterogeneous clinical, patho-
logical and molecular entity, with a 5-year survival percentages ranging between 32
and 81%.> Despite the optimal therapeutic response rate of the combination ritux-
imab with chemotherapy, a significant proportion of DLBCL shows strong
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refractory and relapse tendencies, that suggest a limited
response to first-line treatment.*” Currently, emerging
treatment strategies based on novel molecular targets are
of vital importance in improving DLBCL patients’
prognosis.

Long noncoding RNAs (IncRNAs) are transcripts of
more than 200 nucleotides in length with limited or no
ability to encode proteins. Increasing evidence indicated
that IncRNAs can influence several biological processes,
including inflammation, differentiation, proliferation,
apoptosis, invasion and metastasis.>’ Moreover, several
IncRNAs have been previously reported to be involved
in various cancers, including DLBCL.'® During tumori-
genesis, LncRNAs that possess microRNA binding sites,
can compete for shared miRNAs and interact and regulate
each other’s expression levels, thus acting as competing
endogenous RNAs (ceRNAs)."! The small nucleolar RNA
host gene 12 (SNHG12) is located at chromosome 1p35.3
and is involved in multiple cancers, including cervical
cancer, renal cell carcinoma, prostate cancer, nasopharyn-
geal carcinoma, colorectal cancer and hepatocellular
carcinoma.'””"” However, SNHG12 biological role and
related mechanisms in DLBCL remain unknown.

In the present study, we found that SNHGI12 is upre-
gulated in human DLBCL tissues and that its expression
was closely associated with prognosis and clinicopatholo-
gic parameters. We showed that SNHG12 could promote
the growth, migration, and invasion abilities of DLBCL
cells in vitro, but also their growth in vivo. Furthermore,
we demonstrate that SNHG12 could promote the progres-
sion of DLBCL cells by targeting miR-195. Our findings
suggest that SNHGI12 is involved in DLBCL tumorigen-
esis and is a novel biomarker that can be used as

a therapeutic candidate for DLBCL patients.

Patients and Methods

Patients and Clinical Samples

After obtention of patients’ written informed consent,
a total of 80 biopsy tumor samples were collected form
patients with activated B-cell like DLBCL at the 2nd
Affiliated Hospital of Harbin Medical University (Harbin,
China) from 2015 to 2018. The other 80 control biopsy
specimens were obtained from patients with reactive lym-
phoid hyperplasia (RLH), who were suspected of lym-
phoma during the same period. The specimens were
stored at —80°C until use. None of the patients underwent
previous diagnostic biopsies, and all them were confirmed

by two independent pathologists. Some clinical para-
meters, including age, gender, B symptoms, clinical
stage, extra-nodal invasion, serum lactate dehydrogenase
(LDH) level and International Prognostic Index (IPI) score
were recorded. All DLBCL patients were enrolled into the
follow up survival survey, which was censored on
September 2019. The Overall survival (OS) was calculated
from the time of resection to the time of death or last
follow-up. Disease-free survival (DFS) was calculated
from the time of resection to the first time of recurrence
diagnosis, death or last follow-up. The protocol for tissue
collection was approved by the Ethics Committee of the
2nd Affiliated Hospital of Harbin Medical University
(Harbin, China). The study was conducted in compliance
with the Declaration of Helsinki and the guidelines of the
committee.

Cell Culture

The human DLBCL cell lines OCI-LY7 and OCI-LY3, and
the normal B lymphocytes IM-91 were purchased from the
Cell Bank of Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). OCI-LY7 and
OCI-LY3 cell lines were grown in IMEM medium
(Gibco) that contained 10% fetal bovine serum (FBS;
Invitrogen). IM-9I cells were cultured in RPMI 1640 cul-
ture medium (Gibco) supplemented with 10% FBS
(Invitrogen). Cells were maintained at 37°C and in
a humidified atmosphere containing 5% CO,.

RNA Preparation and Quantitative

Real-Time PCR (gqRT-PCR) Detection
Total RNA was
(Invitrogen; Thermo Fisher Scientific, Inc.) and reverse-

extracted using TRIzol reagent
transcribed to cDNA using the PrimeScript RT reagent kit
(Takara Bio, Inc.), according to the manufacturer’s instruc-
tions. SYBR® Premix Ex Taq (Takara Bio, Inc.) was used
for qRT-PCR. The thermocycling conditions used for the
PCR were as follows: 95°C for 1 min; 40 cycles of 95°C
for 12 sec and 58.5°C for 40 sec. SNHG12 and miR-195
Fold changes were normalized to GAPDH and U6, respec-
tively and using the 2~ **“" method. All used PCR primers
are shown in Table 1.

Cell Transfection

SNHG12 small interfering RNA (siRNA) and the non-
targeting control sequence (si-NC) were synthesized by
Sangon Biotech Co., Ltd. The SNHGI2 expressing
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Table | The Sequences of PCR Primers

Name Sequence

SNHG12 Forward primer TCTGGTGATCGAGGACTTCC
SNHG12 Reverse primer ACCTCCTCAGTATCACACACT
miR-195 Forward primer GGCTAGCAGCACAGAAAT
miR-195 Reverse primer GTGCAGGGTCCGAGGT

GAPDH Forward primer CCTTCATTGACCTCAACTACA
GAPDH Reverse primer GCTCCTGGAAGATGGTGAT

U6 Forward primer CTCGCTTCGGCAGCACATATACT
U6 Reverse primer ACGCTTCACGAATTTGCGTGTC

plasmid was constructed by inserting the full-length
human SNHGI2 sequence into pcDNA3.1 vector from
Sangon Biotech Co., Ltd. MiR-195 mimics (#HMI10320)
and the scramble miRNA control (miR-NC) (#HMI0321)
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were purchased from Sigma-Aldrich (Sigma, USA). Cell
transfections were performed using Lipofectamine 2000
reagent (Invitrogen) and at appropriate concentrations.

Cell Proliferation Assay
Cell proliferation was measured using the cell counting
kit-8 (CCK-8, #CO0037, Beyotime, Shanghai, China).
A total of 5 x 10° cells was seeded in each well of a 96-
well plate, and incubated for 24 h. Ten Microliter WST-8
from the CCK-8 Kit was added to each well and the
optical measured at

density was 450 nm using

a microtiter plate reader at 0, 1, 2, 3 and 4 days.

Transwell Assay
A 24-well Transwell assay (#3395, 8.0um, Corning) was
used to examine the migration and invasion abilities of
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Figure | SNHGI2 expression was upregulated in DLBCL tissues and correlated with clinical prognosis. (A) Relative expression of SNHG 12 was verified in DLBCL (n = 80)
tissues compared to control lymphoid hyperplasia tissues (n = 80) by quantitative real-time PCR. (B) Relative expression of SNHG 12 was verified in DLBCL cell lines. The
overall survival (C) and disease-free survival (D) of patients with low and high expression of SNHG 12 (SNHGI2 high, n = 40; SNHG2 low, n = 40). Data are presented as

mean + SD of three independent experiments. ***P < 0.001.
Abbreviation: DLBCL, diffuse large B-cell lymphoma.
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Table 2 SNHGI2 Expression and Clinicopathologic Features in
80 Cases of DLBCL

Variables Total SNHGI2, n (%) P-value
n=80
( ) High Low
Expression Expression
(n=40) (n=40)
Age, year
<60 39 21 (52.5) 18 (45.0) 0.502
260 41 19 (47.5) 22 (55.0)
Gender
Male 40 24 (54.5) 16 (44.4) 0.369
Female 40 20 (45.5) 20 (55.6)
B symptoms
Absent 40 19 (57.6) 21 (44.7) 0.256
Present 40 14 (42.4) 26 (55.3)
Stages
-1l 45 16 (40.0) 29 (72.5) 0.003
ln-v 35 24 (60.0) 11 (27.5)
Extra-nodal
invasion
Yes 49 30 (75.0) 19 (47.5) 0.012
No 31 10 (25.0) 21 (52.5)
Serum LDH
<300 39 14 (35.0) 25 (62.5) 0.014
2300 41 26 (65.0) 15 (37.5)
IPI score
0-2 31 14 (35.0) 17 (42.5) 0.491
3-5 49 26 (65.0) 23 (57.5)

Note: P < 0.05 is showed in bold.
Abbreviations: DLBCL, diffuse large B-cell lymphoma; LDH, lactate dehydrogen-
ase; IPI, International Prognostic Index.

DLBCL cells. For the migration assay, 150uL cell suspen-
sion (1 x 10° cells) was seeded into the upper chamber.

For the invasion assay, the upper chamber was precoated

with Matrigel (BD Biosciences). Next, 500 pL IMEM
medium with 10% FBS was placed into the lower cham-
ber. The cells were maintained at 37°C in a humidified
atmosphere with 5% CO,. After 48 hours incubation,
invasive cells were fixed with 100% methanol at 4°C for
15 min and stained with 0.1% crystal violet at 4°C for
10min. Five fields were randomly selected and the cells
were counted under a light microscope (Olympus
Corporation) at x200 magnification.

Tumorigenesis in vivo

A total of 8 male BALB/c nude mice (~5 weeks old) were
raised under standard conditions. OCI-LY7 cells (1x10°
cells/mouse), transfected with si-SNHG12 or si-NC, were
injected into the right flanks of the nude mice (4 mice per
group). The mice were monitored, and tumors’ volume
weekly measured using the simple formula (0.5 x length x
width?). After 4 weeks, the mice were sacrificed, the tumors
excised, photographed and weighed. The in vivo xenograft
assay was approved by the Animal Ethical and Welfare
Committee of the 2nd Affiliated Hospital of Harbin
Medical University (Harbin, China). The study was per-
formed in accordance with NC3Rs ARRIVE guidelines.'®

RNA Immunoprecipitation (RIP) Assay
The RIP assay was conducted using the Magna RIP Kit
(#17-700, EMD Millipore). Human anti-Ago2 antibodies
(#06-642, Millipore) were used to capture the RNAs used
for qRT-PCR analysis. SNHG12 or miR-195 expression
were measured by qRT-PCR.

Luciferase Reporter Assay
Cells were placed in a 24-well plate and co-transfected
with SNHG12 mutant (MUT) or wild-type (WT)

Table 3 Univariate and Multivariate Analyses for Overall Survival in 80 Cases of DLBCL

Variables Univariate Multivariate
HR (95% CI) P-value HR (95% CI) P-value

Age, 260 vs <60 1.082(0.694—1.796) 0.674

Gender; male vs female 1.101(0.799-1.556) 0.565

B symptoms, present vs absent 1.355(0.778-2.335) 0.089

Stages, -1V vs |-l 1.456(1.234-1.656) <0.001 1.334(1.210-1.598) 0.002
Extra-nodal invasion, yes vs no 1.543(0.834-1.845) 0.210

Serum LDH, 2300 vs <300 1.482(0.821-1.898) 0.121

IPI score, 3-5 vs 0-2 1.897(1.667-2.120) 0.010 1.776(1.554-2.012) 0.034
SNHG12 expression, high vs low 1.319(1.180-1.510) 0.009 1.232(1.128-1.434) 0.003

Note: P < 0.05 is showed in bold.

Abbreviations: DLBCL, diffuse large B-cell lymphoma; LDH, lactate dehydrogenase; IPI, International Prognostic Index.
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Table 4 Univariate and Multivariate Analyses for Disease-Free Survival in 80 Cases of DLBCL

Variables Univariate Multivariate
HR (95% CI) P-value HR (95% CI) P-value

Age, 260 vs <60 1.132(0.544-1.821) 0.564

Gender, male vs female 1.051(0.746—1.589) 0.433

B symptoms, present vs absent 1.243(0.453-1.998) 0.112

Stages, IV vs I 1.632(1.145-1.778) 0.001 1.523(1.112-1.711) 0.008
Extra-nodal invasion, yes vs no 1.441(0.764—-1.998) 0.531

Serum LDH, 2300 vs <300 1.556(0.712-2.001) 0.212

IPI score, 3-5 vs 0-2 1.667(0.807-2.341) 0.090

SNHGI2 expression, high vs low 1.445(1.060-1.730) 0.005 1.332(1.034-1.698) 0.021

Note: P < 0.05 is showed in bold.

Abbreviations: DLBCL, diffuse large B-cell lymphoma; LDH, lactate dehydrogenase; IPl, International Prognostic Index.

SNHG12, and miRNAs (miR-195 mimic or mi-NC)
using Lipofectamine®™ 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.). After 24 h of incubation, the cells were
lysed, and reporter activities were determined using
a dual-luciferase reporter

assay system (Promega

Corporation).

Statistical Analysis

All data were analyzed with GraphPad Prism 5 (GraphPad
Software Inc., CA, USA) and the SPSS 20 software pack-
age (IBM SPSS Inc, Chicago, IL). All results were
expressed as mean =+ standard deviation. Student’s #-test
or one-way ANOVA analysis were used to analyze the
difference. Categorical data were compared using the chi-
square test and Pearson’s correlation analysis was applied
to analyze the correlations between SNHG12 and miR-
195. Kaplan—Meier curves were generated for overall sur-
vival (OS) and disease-free survival (DFS). A p-value of
< 0.05 was considered as statistically significant.

Results
Clinical Significance of SNHGI2

Expression in DLBCL

SNHG12 expression was first determined by qRT-PCR
analysis of tissue samples from 80 DLBCL and RLH
patients, and we found that SNHG12 was considerably
increased in DLBCL tissues compared with RLH tissues
(p < 0.001, Figure 1A). Next, we examined SNHGI12
expression in the human DLBCL cell lines OCI-LY7 and
OCI-LY3 and in normal B lymphocytes IM-91, and the
results revealed that SNHG12 was overexpressed in the
DLBCL cells compared with IM-9I cells (»p < 0.001,
Figure 1B). Furthermore, using SNHGI12 expression

median value as cut-off value, we classified DLBCL
patients into two groups: SNHG12 low (below the median,
40 patients) and SNHG12 high (above the median, 40
patients). The results showed that DLBCL patients, with
high SNHGI12 expression, had worse OS and DFS that
those with lower SNHG12 expression (Figure 1C and D;
p=0.001 and p = 0.023, respectively). Collectively, all the
above results showed that SNHG12 was highly expressed
in DLBCL tissues and this correlated with patients’ poor
prognosis.

In this group of 80 DLBCL patients, the relationship
between SNHG12 expression and clinicopathologic para-
meters, was also explored. As shown in Table 2, the
number of patients with high SNHGI12 expression was
higher in clinical stages m-[] (p = 0.003). In the high
SNHG12 expression group the proportion of extra-nodal
invasion was higher compared with the low SNHG12
expression group (p = 0.012). The high SNHG12 expres-
sion group had more patients with a serum LDH > 300,
while the low SNHGI2 expression group had more
patients with LDH < 300 (p = 0.014). In addition, the
multivariate analysis showed that SNHG12 expression
was a significant prognostic factor both for OS
(p = 0.003, Table 3) and DFS (p = 0.021, Table 4).

Downregulation of SNHG12 Inhibits the
Growth, Migration and Invasion of
DLBCL Cells in vitro

Based on the above clinical findings, experiments were
further conducted to investigate the biological function of
SNHG12 in DLBCL growth and metastasis in vitro. To
downregulate SNHGI12 expression, siRNA and non-
targeting control sequence (si-NC) were transfected into
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Figure 2 SNHGI2 knockdown inhibited proliferation, migration, and invasion of DLBCL cells in vitro. (A and B) Relative expression of SNHGI2 was detected after
transfection with siRNA plasmid by quantitative real-time PCR in OCI-LY7 and OCI-LY3 cells. (C and D) The effects of SNHG 12 knockdown on the viability of OCI-LY7 and
OCI-LY3 cells were assessed by CCK-8 assays. (E) The effects of SNHG12 knockdown on the migration and invasion of OCI-LY7 cells were assessed by the transwell assay.
(F) Calculation of OCI-LY7 cells that migrated through the filter following eosin staining by transwell assay. (G) The effects of SNHG12 knockdown on the migration and
invasion of OCI-LY3 cells were assessed by the transwell assay. (H) Calculation of OCI-LY3 cells that migrated through the filter following eosin staining by transwell assay.
Data are presented as mean + SD of three independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001.

OCI-LY7 and OCI-LY3 cells. The efficiency of SNHG12
knockdown was confirmed by qRT-PCR (p < 0.001, Figure
2A and B). Subsequently, the effects of SNHG12 on the
proliferation of DLBCL cells were assessed by the CCK-8
assay, and the results showed that SNHG12 knockdown
significantly inhibited the growth abilities of both OCI-
LY7 and OCI-LY3 cells (p < 0.05, Figure 2C and D). In

addition, the migration and invasion abilities of OCI-LY7
and OCI-LY3 cells, assessed by the transwell assay, were
significantly inhibited following SNHG12 downregulation
(p < 0.05, Figure 2E-H). Taken together, these results
demonstrate that SNHG12 downregulation inhibits the
growth, migration, and invasion abilities of DLBCL cells
in vitro.
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Figure 3 SNHGI2 overexpression promoted proliferation, migration, and invasion of DLBCL cells in vitro. (A and B) Relative expression of SNHG2 was detected after
transfection with pcDNA-SNHG 12 plasmid by quantitative real-time PCR in OCI-LY7 and OCI-LY3 cells. (C and D) The effects of SNHG 12 overexpression on the viability
of OCI-LY7 and OCI-LY3 cells were assessed by CCK-8 assays. (E) The effects of SNHG 2 overexpression on the migration and invasion of OCI-LY7 cells were assessed by
the transwell assay. (F) Calculation of OCI-LY7 cells that migrated through the filter following eosin staining by transwell assay. (G) The effects of SNHG 12 overexpression
on the migration and invasion of OCI-LY3 cells were assessed by the transwell assay. (H) Calculation of OCI-LY3 cells that migrated through the filter following eosin staining
by transwell assay. Data are presented as mean + SD of three independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001.

SNHG12 Overexpression Promotes the
Growth, Migration and Invasion of

DLBCL Cells in vitro
To further evaluate the function of SNHG12 in DLBCL
cells, pcDNA3.1-SNHG12 was transfected in OCI-LY7

and OCI-LY3 cells and the efficiency of transfection was
confirmed by qRT-PCR (Figure 3A and B). The results of
CCK-8 assay demonstrated that SNHG12 overexpression
significantly promoted the growth abilities of OCI-LY7
and OCI-LY3 cells (p < 0.05, Figure 3C and D). In addi-
transwell indicated that SNHGI2

tion, the assay
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Figure 4 SNHGI2 knockdown suppressed tumorigenesis of DLBCL cells in vivo. (A) Representative images of the tumors generated by si-NC and SNHG12 knockdown
OCI-LY7 cells (4 mice per group). (B) Relative expression of SNHGI2 was detected by quantitative real-time PCR in xenograft tissues. (C) Growth (mm3) curves of the
tumors. (D) Tumor weight (g) of the tumors. Data are presented as mean  SD of three independent experiments. ***P < 0.001.

overexpression promotes the migration and invasion of
OCI-LY7 and OCI-LY3 cells (Figure 3E-H). These results
demonstrate that the SNHGI12 overexpression promotes
the growth, migration, and invasion of DLBCL cells
in vitro.

SNHGI2 Knockdown Suppresses

Tumorigenesis of DLBCL Cells in vivo

To investigate SNHG12 role in the growth of DLBCL
cells in vivo, xenograft mouse models were established
using OCI-LY7 control and SNHG12 knockdown cells.
The results showed that SNHG12 downregulation inhibits
tumor growth after 4 weeks (Figure 4A). QRT-PCR ana-
lysis was performed to confirm SNHGI12 downregulation
in the SNHG12 knockdown tumors compared to control
tumors (Figure 4B). Moreover, the tumors in the SNHG12
knockdown group grew slower and were lighter compared
to the control group tumors (n = 4, p < 0.001) (Figure 4C
and D).

SNHG2 Serves as a Sponge for miR-196

in DLBCL
As predicted by the online software Starbase v2.0 (http://

starbase.sysu.edu.cn/starbase2/), SNHG12 contains one

miR-195 conserved target binding site (Figure 5A).
SNHG12 localization has been reported to be mainly

cytoplasmic;'’

thus, we supposed that SNHGI12 may
form an RNA-induced silencing complex (RISC) with
miRNAs in DLBCL. To investigate this possibility,
a RIP assay was conducted using human anti-Ago2 anti-
bodies and that showed a significant enrichment of
SNHG12 in DLBCL cells (Figure 5B). Using the same
assay, we also found a significant enrichment of miR-129-
5p in DLBCL cells (Figure 5B). The expression of miR-
195 showed a decreasing trend in DLBCL tissues com-
pared with RLH tissues (p < 0.001, Figure 5C). Pearson
correlation analysis demonstrated that SNHG12 expres-
sion negatively correlates with miR-195 expression in
DLBCL tissues (p < 0.001, Figure 5D). Besides, miR-
195 had lower expression levels in DLBCL cells compared
to IM-91 (p < 0.001, Figure 5E). To investigate potential
physical interactions between SNHGI12 and miR-195,
a luciferase reporter assay was conducted in OCI-LY9
and OCI-LY3 cells that were co-transfected with the WT
or MUT SNHGI2 reporters and miR-195 mimic or mi-
NC. The results showed that miR-195 overexpression
results in a significant reduction of the WT reporter activ-
ity in OCI-LY9 and OCI-LY3 cells. Yet, the mutant repor-
ter activities in all transfected cells showed no significant
changes (Figure 5F). These results indicated that SNHG12
and miR-195 interaction was an independently regulatory
factor. In addition, si-SNHG12 transfected cells showed an
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Figure 5 Relationship of regulation between SNHGI2 and miR-195. (A) Predicted binding site of miR-195 in SNHGI2 using starBase v2.0. (B) RNA immunoprecipitation
(RIP) experiments for SNHG 12 and miR-195 in OCI-LY7 and OCI-LY3 cell lines. (C) Relative expression of miR-195 was verified in DLBCL (n = 80) tissues compared to
control lymphoid hyperplasia tissues (n = 80) by quantitative real-time PCR. (D) Pearson correlation analysis between SNHG 2 and miR-195 expression levels in DLBCL
tissues. (E) Relative expression of miR-195 was verified in DLBCL cell lines. (F) Luciferase reporter plasmid containing wild-type (WT) SNHGI12 or mutant (MUT) SNHGI2
were co-transfected into in OCI-LY7 and OCI-LY3 cell lines with miR-195 mimics or mimics control. (G) Relative expression of miR-195 was verified in OCI-LY7 and OCI-
LY3 cells after knockdown or overexpression of SNHG2. Data are presented as mean * SD of three independent experiments. ***P < 0.001. ns, not significant.

Abbreviation: DLBCL, diffuse large B-cell lymphoma.

increased expression of miR-195, while the cells trans-
fected with pcDNA-SNHG12 had a decreased expression
of miR-195 (Figure 5G). Collectively, these results
showed that SNHG12 directly suppresses the expression
of miR-195 by sponging miR-195 in DLBCL.

To determine whether miR-195 is involved in SNHG12
oncogenic role in DLBCL, we transfected miR-195 mimic

or mi-NC in SNHG12 overexpressing OCI-LY9 and OCI-
LY3 cells. As demonstrated in Figure 6A-F, miR-195
upregulation rescued the effects of SNHG12 on the pro-
liferation, migration and invasion of DLBCL cells. This
result indicates that miR-195 prevents the proliferation,
migration and invasion capabilities of DLBCL cells by
interacting with SNHG12.
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migration and invasion of OCI-LY3 cells were assessed by the transwell assay. (F) Calculation of OCI-LY3 cells that migrated through the filter following eosin staining by
transwell assay. Data are presented as mean * SD of three independent experiments. **P < 0.01, **P < 0.001.

Discussion

Several studies have demonstrated that SNHGI12 plays
a significant oncogenic role in various cancers. Specifically,
SNHG12 was shown to act as an oncogene by regulating the
expression of Notch2 through miR-195-5p sponging in

osteosarcoma.'® SNHG12 was also reported to promote mul-
tidrug resistance via the SNHG12-miR-181a-MAPK/Slug
axis.”’ Additionally, SNHG12 can also promote the growth
and metastasis of papillary thyroid carcinoma cells via reg-

ulating the Wnt/B-catenin signaling pathway.?' However, the
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potential biological function of SNHG12 in DLBCL progres-
sion is unknown.

In this study, we revealed that SNHG12 expression is
upregulated in DLBCL tissues compared with that in RLH
tissues. DLBCL patients with high SNHG12 expression,
exhibited poor OS and DFS compared to those with low
SNHG12 expression, indicating that SNHG12 could be
a DLBCL prognostic factor. Moreover, we found that
SNHG12 expression levels correlate with patients’ clinical
characteristics, such as clinical stage, extra-nodal invasion
and LDH serum level. All the above clinical results indi-
cated that SNHGI12 may play a critical role in DLBCL
SNHG12 biological functions in
DLBCL were evaluated, and the results demonstrated

progression. Next,

that SNHG12 knockdown suppresses the proliferative,
migratory and invasive capacities of DLBCL cells
in vitro. In contrast, SNHG12 upregulation promoted
DLBCL cell proliferation,
Furthermore, SNHG12 knockdown restrained tumorigen-

migration, and invasion.
esis of DLBCL cells in the xenograft mouse models.
Subsequently, we identified a target binding site of miR-
195 in SNHGI12 wusing bioinformatics analysis, that
prompted investigations on a potential ceRNA mechanism
that involved SNHG12 and miR-195. To this end, we first
confirmed that miR-195 could bind SNHG12 by conducting
a dual luciferase assay. Next, the negative correlation
between SNHG12 and miR-195 was confirmed in DLBCL
cells and clinical tissues. We also showed that miR-195
upregulation abolishes the effects of SNHG12 on DLBCL
cell proliferation, migration and invasion. MiR-195 is origi-
nated in intron 7 and located on human chromosome
17p13.1, which was reported to be involved in various
diseases, including heart failure, schizophrenia, and
cancer.”> MiR-195 has been reported to be involved in the
progression of cancer by regulating some key genes such as
CDK6, Bcl-2 and WEEIL. The dysregulation and tumor
suppressor role of miR-195 has been determined in various
cancers. For example, one meta-analysis® revealed that
elevated level of miRNA-195 expression serves as
a potential biomarker that predicts favorable prognoses for
various cancers in China, including non-small cell lung
cancer,>* gastric cancer,” hepatocellular cancer”® and color-
ectal cancer.”” Moreover, miR-195 could suppress the pro-
gression of prostate cancer, lung adenocarcinoma and
endometrial B30 A study reported that
LINCO00355 can sponge miR-195, which inhibits apoptosis

promotes the progression of head and neck squamous cell

carcinoma.

carcinoma.>’ Wu et al demonstrated that BRAF-activated

noncoding RNA promotes tumorigenesis of pancreatic can-

532 Overall, our results demon-

cer by sponging miR-19
strated that SNHGI12 could accelerate tumorigenesis of
DLBCL cells through miR-195 sponging.

To conclude, this study provides new insights into the
role of SNHGI2

a mechanism involving miR-195 sponging. SNHGI12

in DLBCL progression through
expression predicts poor clinical outcome and serves as
a novel oncogene in DLBCL. These findings also suggest
that SNHG12 may serve as a DLBCL potential therapeutic
target.
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