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Long-chain non-coding RNAs (LncRNAs) are expressed in diffuse large B-cell lymphoma
(DLBCL) tissues and have played a regulatory role in DLBCL with a cancer-promoting
effect. In this study, the role of LncRNA SNHGS8 in the regulation of DLBCL cells is
investigated, and its underlying mechanism is explored. The database of the Gene
Expression Profiling Interactive Analysis (GEPIA) was searched, and the expression of
SNHGS8 in DLBCL and normal tissues was examined. The expression of SNHG8 was
evaluated in several DLBCL cell lines and a normal lymphocyte cell line. It was found that
SNHG8 was overexpressed in DLBCL tissues and cells in comparison with their normal
counterparts. The short hairpin RNA (shRNA) plasmids of SNHG8 were transfected
into DLBCL cells to knockdown the expression of SNHG8, followed by assays of
proliferation, colony formation, apoptosis, and related protein expression. The results
showed that the knockdown of SNHG8 significantly inhibited DLBCL cell proliferation and
colony formation while promoting cell apoptosis. Moreover, the knockdown of SNHG8
reduced the expression of Ki-67, proliferating cell nuclear antigen (PCNA), and Bcl-2 and
enhanced the expression of Bax and cleaved caspase 3/9. MiR-335-5p was predicted to
be a potential target of SNHGS8 by using the bioinformatics analysis, and the interaction
between the two was validated by using the dual luciferase assay. In addition, the
knockdown of SNHG8 increased the level of miR-335-5p, whereas miR-335-5p mimic
decreased the expression of SNHG8. Finally, U2932 cells were co-transfected with or
without sh-SNHG8 and miR-335-5p inhibitors, whose proliferation, colony formation,
and apoptosis were determined subsequently. It was demonstrated that the presence
of an miR-335-5p inhibitor partially canceled the inhibitory effects of the knockdown of
SNHGS8 on DLBCL cell proliferation and colony formation and the stimulating effects of
the knockdown of SNHGS8 on cell apoptosis. Taken together, our study suggests that
INcRNA SNHG8 exerts a cancer-promoting effect on DLBCL via targeting miR-335-5p.
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INTRODUCTION

Being an aggressive malignant B-cell lymphoma, diffuse large B-
cell lymphoma (DLBCL) is the most common subtype of non-
Hodgkin lymphoma (NHL). DLBCL accounts for about 40%
of newly diagnosed NHL cases in western countries (1). The
lesions of DLBCL occur mainly on the lymph nodes, and some
of them are found in the gastrointestinal tract, bone, and the
central nervous system (2). The lymph nodes of patients with
DLBCL enlarge rapidly at an early stage, and symptoms such as
fever and night sweat can occur. With the progression of DLBCL,
the lesions show aggressive growth, resulting in poor treatment
outcome (3). Although the advancement of medicine contributes
to a great progress in the therapeutic approach for the treatment
of DLBCL, up to 40% of patients die from a relapse (4). So far,
the molecular mechanism of the pathogenesis of DLBCL remains
unclear, which seriously hinders the management of DLBCL.
Long-chain non-coding RNA (LncRNA) is a type of RNA that
has a length >200 nucleotides. LncRNA was initially thought to
be the noise of gene transcription because it does not have an
open reading frame and rarely participates in encoding proteins.
However, IncRNAs have been confirmed in recent years for
the regulation of various diseases by binding to microRNAs or
proteins, thereby participating in the occurrence, progression,
and prognosis of diseases (5). The abnormal expression of
IncRNA plays an important role in various cancers, such as
hepatocellular carcinoma, breast cancer, prostate cancer, and
non-small-cell lung cancer (NSCLC) (5-7). Therefore, it has been
proposed that IncRNAs can become tumor biomarkers.
Long-chain non-coding RNAs also play a key role in the
occurrence, progression, drug resistance, and prognosis of
DLBCL (8). Verma et al. identified 2,632 novel multi-exonic
IncRNAs that are expressed in more than one tumor. Two-
thirds of the identified IncRNAs are not expressed in normal
B cells, and one-thirds of them are differentially expressed in
DLBCL subtypes (9). A study showed that IncRNA MALAT-1
is upregulated in DLBCL cell lines, and the downregulation of
MALAT-1 inhibits the proliferation and migration of DLBCL
cells, induces a cell cycle arrest, activates autophagy, and
blocks doxorubicin-induced epithelial-mesenchymal transition,
thereby reducing the doxorubicin resistance in DLBCL (10).
Long-chain non-coding RNA SNHGS8 was demonstrated to
have a cancer-promoting effect in various cancers such as
lung cancer, liver cancer, colorectal cancer, pancreatic cancer,
and endometrial cancer (11-13). However, the involvement of
SNHGS in DLBCL has not been reported.
The objective of this study is to investigate the role of IncRNA
SNHGS8 in DLBCL cells and uncover the potential mechanism.

MATERIALS AND METHODS

Cell Culture and Treatment

Human B lymphocytes GM12878 and human DLBCL cell lines,
including OCI-Ly10, OCI-Ly7, OCI-Ly3, and U2932 (ATCC,
Virginia, USA), were cultured in RIMI-1640 medium (Thermo
Fisher Scientific, Massachusetts, USA), supplemented with 10%

fetal bovine serum (FBS) and 1% penicillin/streptomycin with an
atmosphere of 5% CO; at 37°C.

The short hairpin RNA (shRNA) targeting SNHG8 and
negative scrambled control shRNA (sh-NC) were synthesized by
GenePharma (Shanghai, China). MiR-335-5p mimic, inhibitor,
and its NC; SNHGS8 mutant (MUT); and wild type (WT) were
obtained from GenePharma (Shanghai, China) and cloned into
pcDNA3.1 vector. After reaching 80% confluence, cells were
transfected with the indicated sh-RNAs, an miR-335-5p mimic
or inhibitor, and SNHG8 MUT or WT using lipofectamine 2000
(Invitrogen, California, USA) according to the manufacturer’s
instructions. All transfected cells were then cultured for 48h
before the following experiments.

Cell Counting Kit-8 Assay

Cells were seeded at a density of 3 x 10° cells per well in a 96-well
plate. After treatment with the indicated conditions for 24, 48,
and 72 h, cells were incubated with 10 1 of the cell counting kit-
8 (CCK-8) solution (MedChemExpress, MCE, New Jersey, USA)
for 2h at 37°C. The light absorbance of cells was measured at
450 nm using a microplate reader.

Colony Formation Assay

For colony formation assays, cell suspension was resuspended
in 1 ml medium. Samples were plated in a 24-well plate and
incubated for 2 weeks. Crystal violet was used to stain cells, and a
colony with >50 cells was counted as a colony.

Real-Time Quantitative PCR

Total RNA was extracted using an RNeasy Mini Kit (QIAGEN,
Maryland, USA) and reverse-transcribed into cDNA with
SuperScript IIT First-Strand Synthesis SuperMix (Invitrogen,
California, USA) according to the manufacturer’s instructions.
Quantitative PCR was performed by following the instructions of
the HotStarTaq Master Mix Kit (QIAGEN). The reactions were
performed in accordance with the following conditions: 95°C for
15 min, 25 cycles of 95°C for 155, 58°C for 30's, and 72°C for 30 s,
followed by 72°C for 10 min. The RT-PCR primers used were
as follows:

SNHGS8: forward, 5 -CCCGAGAACCGTCAGTTTGA-3,
reverse, 5 -ACACCCGTT-TCCCCAACTAC-3';

MiR-335-5p: forward, 5 - TGTTTTGAGCGGGGGTCAAG-3/,
reverse, 5'-TGAATAT-AGCAAATGAGAGG-3'; and

GAPDH: forward, 5”-ACCTGACCTGCCGTCTAGAA-3,
reverse, 5'-TCCACCAC-CCTGTTGCTGTA-3'.

Western Blotting

Total proteins from the cells were extracted by RIPA buffer
with protease inhibitors (Beyotime Institute of Biotechnology,
Jiangsu, China) on ice. Sodium dodecyl-sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) was performed using equal
amounts of protein samples for transferring the proteins to
polyvinylidene difluoride (PVDF) membranes. On the first day,
the membranes were incubated in 5% non-fat milk for 2h at 37°C
and then with primary antibodies against Ki-67, proliferating cell
nuclear antigen (PCNA), Bcl-2, Bax, caspase-3/9, and GAPDH
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FIGURE 1 | SNHG8 is upregulated in diffuse large B-cell lymphoma (DLBCL).
(A) The levels of SNHG8 in DLBCL patients (left, red) and normal healthy
individuals (right, black) and data from the Gene Expression Profiling
Interactive Analysis (GEPIA) database. *p < 0.05. (B) The mRNA expression of
SNHG8 in normal human B-lymphocytes, GM12878, and human DLBCL cell
lines including OCI-Ly10, OCI-Ly7, OCl-Ly3, and U2932. ***p < 0.001 vs.

(1:1,000, Proteintech) at 4°C overnight. On the second day,
the membranes were incubated with secondary antibodies (goat
anti-mouse, 1:10,000; Proteintech) at 37°C for 2 h. Immunoblots
were visualized by enhanced chemiluminescence (Santa Cruz
Biotechnology, Texas, USA) and analyzed using Image] software.

Flow Cytometry

Cell apoptosis was assessed by flow cytometry using the Annexin
V-FITC Apoptosis Detection Kit (Beyotime, Shanghai, China).
Briefly, cells were collected, washed with phosphate buffered
saline (PBS), and then stained with APC-conjugated anti-
Annexin V antibody and propidium iodide (PI) according to the
manufacturer’s protocol. The percentage of Annexin V* PIT cells
was determined by using a flow cytometer (Becton Dickinson,
New Jersey, USA).

Luciferase Reporter Assay

Direct interactions between miR-335-5p and SNHGS8 were
predicted by Starbase 3.0 software (14). A luciferase reporter
assay was performed by co-transfecting firefly luciferase reporter
plasmids containing WT or MUT SNHGS and renilla luciferase
control reporter vectors (Promega, Wisconsin, USA) and the

GM12878. miR-335-5p mimic or miR-335-5p NC via lipofectamine 2,000
into U2932 cells. The luciferase assay was conducted at 48h
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FIGURE 2 | The effect of SNHGS8 silence on cell proliferation of DLBCL. (A) The mRNA expression of SNHG8 in U2932 cells transfected with the indicated vectors.
(B) The cell proliferation rate of U2932 cells transfected with the indicated vectors was measured by the CCK-8 assay. (C) Representative colony formation analysis
for U2932 cells in different groups. (D) The protein expression of Ki67 and proliferating cell nuclear antigen (PCNA) in U2932 cells were detected by Western blotting.
*p < 0.05, *p < 0.01, and ***p < 0.001 vs. short hairpin RNA of negative scrambled control (shRNA-NC).
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after transfection by using the Dual Luciferase Reporter Assay
System (Promega, Wisconsin, USA) according to the previously
described manufacturer’s instructions (15).

Statistical Analysis

The data are presented as the mean £ SD from three
independent experiments. The Students f-test was used for
statistical comparisons between the two groups, and a one-way
ANOVA was used for comparisons among multiple groups. A
p-value <0.05 was considered significant.

RESULTS
SNHGS8 Is Upregulated in DLBCL Cells

We searched the database of the Gene Expression Profiling
Interactive Analysis (GEPIA) and found that SNHGS8 was
significantly upregulated in the tissues of patients with DLBCL in
comparison with that of normal healthy individuals (Figure 1A).
We detected the mRNA levels of SNHGS8 in normal human
B lymphocytes, GM12878, and human DLBCL cell lines,
including OCI-Ly10, OCI-Ly7, OCI-Ly3, and U2932. As shown

in Figure 1B, the mRNA levels of SNHG8 in DLBCL cell
lines were remarkably higher than those in GM12878. This
result was consistent with the data from the GEPIA and
suggested that IncRNA SNHGS8 might play a role in DLBCL.
Among these DLBCL cell lines, the U2932 cell line showed
the highest level of SNHG8 and was, therefore, chosen for
subsequent experiments.

Knockdown of SNHGS Inhibits Proliferation

and Promotes Apoptosis of DLBCL Cells
To investigate the effects of SNHGS8 on the cellular behaviors
of DLBCL cells, two pairs of chemically synthesized shRNAs
(shRNA-1 and shRNA-2) targeting SNHG8 and negative control
(sh-NC group) were transfected into U2932 cells. The results
from RT-qPCR showed that the expression of SNHGS8 was
inhibited by both shRNAs in comparison with the control and
NC groups. The inhibitory efficiency of shRNA-1 was better than
that of shRNA-2 (Figure 2A). Therefore, the cells transfected
with shRNA-SNHG8-1 was chosen for subsequent experiments.
It was found that the cells that were transfected with shRNA-
SNHG8 showed an obviously depressed cell proliferation in
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FIGURE 3 | The effect of SNHG8 silence on cell apoptosis of DLBCL. (A) The apoptotic rate of U2932 cells with or without SNHG8 silence was measured by flow
cytometry. (B) The expression of proteins involved in cell apoptosis in U2932 cells with or without SNHG8 silence were measured by Western blotting. ***p < 0.001
vs. shRNA-NC.
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comparison with the cells that were transfected with shRNA-  cells, we examined the expression of miR-335-5p in the DLBCL
NC (Figure 2B). The results obtained from the colony formation  cell lines. Contrary to SNHG8, the mRNA levels of miR-335-
assay also showed that the knockdown of SNHGS8 inhibited  5p were significantly lower in DLBCL cell lines in comparison
DLBCL cell colony formation (Figure2C). Moreover, the  with normal human B lymphocytes GM12878 (Figure 4A). In
expression of proliferation-related proteins, Ki-67, and PCNA  addition, the silencing of SNHGS increased the expression of
was significantly decreased by the knockdown of SNHG8  miR-335-5p (Figure 4B), suggesting the interaction between
(Figure 2D). SNHGS8 and miR-335-5p in DLBCL cells. Then, we constructed

As shown in Figure 3A, the percentage of apoptotic cells was ~ the miR-335-5p mimic, which was transfected into U2932 cells.
remarkably higher in cells that were transfected with shRNA-  The upregulation of miR-335-5p was confirmed by qRT-PCR
SNHG8 than the cells that were transfected with shRNA-NC.  (Figure 4C). Further studies found that the overexpression of
At the same time, a decreased expression of the anti-apoptotic =~ miR-335-5p reduced the expression of SNHGS8 (Figure 4D).
protein Bcl-2 and an increased expression of pro-apoptotic =~ Moreover, WT or MUT SNHGS8 and the miR-335-5p mimic
proteins, such as Bax, cleaved caspase 9, and cleaved caspase 3,  or miR-335-5p mimic-NC were co-transfected into U2932 cells
were observed in the sStRNA-SNHGS group in comparison with  for the luciferase reporter assay. The result suggested the direct
the ShRNA-NC group (Figure 3B). These data indicated that the =~ binding between SNHG8 and miR-335-5p (Figures 4E,F).
knockdown of SNHG8 suppressed the proliferation and induced

apoptosis in DLBCL cells. Inhibition of the Expression of miR-335-5p
Reverses the Effects of SNHGS8

MiR-335-5p Is Downregulated in DLBCL Knockdown on DLBCL Cell Proliferation

Cell Lines and Can Interact With SNHG8 to  and Apoptosis

Affect Reciprocal Expression Finally, determining whether the actions of SNHG8 were

With the help of the bioinformatics analysis using the StarBase  associated with the binding to miR-335-5p, cells with SNHGS8
software, we found that miR-335-5p might be a target of SNHG8. ~ knockdown were exposed to the miR-335-5p inhibitor or
MiR-335-5p was reported to inhibit the invasion and metastasis  inhibitor-NC. It was found that the cells co-treated with
of various cancers, such as thyroid cancer, colorectal cancer,and ~ shRNA-SNHG8 and the miR-335-5p inhibitor exhibited a
NSCLC (16-18). To evaluate the role of miR-335-5p in DLBCL  significantly higher rate of proliferation in comparison with
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assay. (C,D) The apoptotic rate of U2932 cells transfected with indicated vectors was measured by flow cytometry. (E,F) The expression of proteins involved in cell
apoptosis in U2932 cells transfected with indicated vectors was measured by Western blotting assay. **p < 0.001 vs. shRNA-NC. #p < 0.05, ##p < 0.01, and
###p < 0.001 vs. sShRNA-SNHGS + inhibitor-NC.

the cells co-treated with shRNA-SNHGS8 and the miR-335-5p
inhibitor-NC (Figure 5A). Furthermore, the presence of the
miR-335-5p inhibitor increased the expression of Ki-67 and
PCNA (Figure 5B) and reduced the ratio of apoptotic cells

increased by the knockdown of SNHGS8 (Figures5C,D).
A Western blot analysis confirmed that the decreased
expression of Bcl-2 and the increased expression of Bax
and cleaved caspase 3/9 in cells with SNHG8 knockdown were
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partially reversed by co-treatment of the miR-335-5p inhibitor
(Figures 5E,F).

DISCUSSION

Non-Hodgkin lymphoma has a high degree of heterogeneity
and can occur in many sites of the body. DLBCL is the
most common NHL pathological type, with an incidence as
high as 30-40%. It is reported that DLBCL has a variety of
histomorphology, clinical characteristics, and epigenetics (19).
Usually, patients with stages I or II of DCBCL are treated with
chemotherapy in combination with a comprehensive treatment,
and those with stages III or IV of DLBCL are mainly treated
with chemotherapy (20). The common chemotherapeutic drugs
for DLBCL include methyl-benzylhydrazine, cyclophosphamide,
nitrogen mustard, and other alkylating agents (21). The
comprehensive treatment is to control distant metastasis of the
tumor. Radiotherapy can effectively control the recurrence of
local lesions and can cure about 50% of the patients (22, 23).
However, the treatment efficacy in patients at an advanced stage
is unsatisfied, and some patients are prone to relapse after
treatment (24). Therefore, finding biomarkers that can detect
DLBCL at earlier stages and identifying the risk factors for
prognosis are the current focal points of the clinical management
of DLBCL.

Long-chain non-coding RNAs can regulate the epigenetics,
gene transcription, and gene post-transcription and play a
significant role in the occurrence and development of tumors.
LncRNA SNHGS8 has been demonstrated to have a cancer-
promoting effect in various cancers whose overexpression may
be an independent risk factor for poor tumor prognosis (25). In
addition, IncRNA SNHG8 can also be used as an early diagnostic
biomarker for tumors (13, 25). So far, the role of IncRNA SNHGS8
in DLBCL has not been elucidated. Therefore, this study takes the
lead in analyzing the association between IncRNA SNHG8 and
the pathological features of DLBCL.

Our results revealed an upregulated expression of SNHGS8
in DLBCL tissues in comparison to the expression in healthy
tissues and normal cell lines. Furthermore, the knockdown
of SNHG8 could remarkably inhibit the proliferation and
colony formation and promote the apoptosis of DLBCL cells,
indicating that SNHG8 aggravates the progression of DLBCL
and the knockdown of SNHGS8 exerts an opposite effect. It
is well-known that IncRNAs usually function as competing
endogenous RNAs of specific microRNAs for the regulation of
target genes. For example, SNHGS8 has been identified as a key
regulator in the progression of NSCLC via sponging miR-542-
3p (11). Moreover, SNHG8 has been found to be upregulated
in esophageal squamous cell carcinoma and to directly sponge
miR-411 to increase oncogenicity (13). In this study, miR-
335-5p was predicted by the GEPIA database to be a target
microRNA of SNHG8 whose downregulation was also detected
in DLBCL cell lines. Importantly, it has been demonstrated

that miR-335-5p inhibits cell invasion and metastasis in thyroid
cancer (18), a epithelial-mesenchymal transition in NSCLC
(16), cell proliferation and metastasis in osteosarcoma (26), and
cancer cell growth in colorectal cancer (17). Moreover, miR-
335-5p acts as a target of IncRNAs to play a regulatory role
in various cancers, such as osteosarcoma (27), cervical cancer
(28), and bladder cancer (29). However, whether miR-335-5p
regulates DLBCL remains to be investigated. In this study,
we explored the interaction between SNHG8 and miR-335-5p
and the role of miR-335-5p in DLBCL. Our results confirmed
that miR-335-5p interacts with SNHGS8 to regulate reciprocal
expression. To further determine whether the actions of SNHG8
knockdown were dependent on an increased expression of miR-
335-5p, we treated the cells with the miR-335-5p inhibitor in the
presence of the knockdown of SNGHS8. Our results demonstrated
that the introduction of the miR-335-5p inhibitor significantly
blunted the inhibitory effect of the knockdown of SNHGS8
on cell proliferation and the stimulating effect of that on cell
apoptosis. These results implied that SNGHS8 sponges miR-335-
5p to act on DLBCL. Furthermore, the effects of the miR-335-5p
inhibitor on DLBCL suggested that miR-335-5p might inhibit
the proliferation and promote the apoptosis of DLBCL cells.
These data were inconsistent with the previous studies (16—
18). However, the fact that the effects of the knockdown of
SNHG8 were incompletely blocked by the miR-335-5p inhibitor,
indicating the possible participation of other targets in the
mechanism of SNHGS8 in DLBCL. The mechanisms involved
in the influence of miR-335-5p on cancers may be related
to regulation of downstream signaling, such as ROCKI1 and
mitogen-activated protein kinase (MAPK) (30, 31), which was
not clarified in this study. In addition, this study only focused
on the in vitro cell model, lacking the validation of results from
animal experiments. Therefore, further investigations on the
above limitations shall be conducted in future studies.

In conclusion, the present study demonstrated that IncRNA
SNHG8 can decoy miR-335-5p to facilitate the proliferation and
inhibit the apoptosis in DLBCL cells. This study provides a better
understanding of DLBCL and a novel therapeutic target for its
treatment strategy.
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