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Purpose: Currently, there is no efficient and feasible method for diffuse large B-cell
lymphoma (DLBCL) in clinical practice, and the main reason is the unclear pathogenesis
of DLBCL, which leads to a high fatality rate of DLBCL.

Methods: Therefore, it is meaningful to explore the molecular mechanism of DLBCL and
find a targeted therapeutic approach from the molecular level.

Results: Long non-coding RNA (IncRNA) SBF2-AS1 was highly expressed in DLBCL
tissues and cell lines. Silencing of SBF2-AS1 inhibited the viability and growth of OCI-LY-3
cells. Furthermore, SBF2-AS1 acted as a sponge of miR-494-3p and inhibited its expression.
And miR-494-3p directly targeted FGFR2. Functionally, forced expression of miR-494-3p or
knockdown of FGFR2 removed the promoted effects of IncRNA SBF2-AS1 on DLBCL
development. In vivo tumorigenesis experiments indicated SBF2-AS1 accelerated tumor
growth via miR-494-3p/FGFR2 axis.

Conclusion: Our study revealed that SBF2-AS1 promoted the growth of DLBCL, which
were mediated by miR-494-3p/FGFR2 axis.
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Introduction

Lymphoma is a malignant tumor originating from the lymphatic hematopoietic
system.' It mainly presents as painless lymphadenopathy, hepatosplenomegaly,
and systemic symptoms such as fever and emaciation. Lymphoma includes two
types: non-Hodgkin’s lymphoma (NHL) and Hodgkin’s lymphoma (HL).> NHL is
mainly divided into B cell, T cell and NK cell lymphomas.> The incidence of
diffuse large B-cell lymphoma (DLBCL) accounts for about 40%.* Currently, the
clinical treatment for DLBCL patients is limited. The main reason is the unclear
pathogenesis of DLBCL, which leads to a high fatality rate of DLBCL.? Therefore,
it is of great clinical significance to explore the molecular mechanism of DLBCL
and find a targeted therapeutic approach from the molecular level.

LncRNA is a class of RNA molecules with a length of more than 200 nucleo-
tides. It was first discovered and reported by Nakajima et al in mice by large-scale
sequencing in 2002.° Because IncRNA has no clear open reading framework, it is
not involved in or encodes very few proteins, making it considered to be the
“noise” of gene transcription at the time of discovery. LncRNA underwent spli-
cing, polyadenylation and 5’ capping, thus having a similar structure to mRNA.” In
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recent years, IncRNA has been found to be abnormally
expressed in various cancers, such as hepatocellular car-
cinoma  (IncRNA-HEIH),® breast adenocarcinoma
(IncRNA-HOTAIR).,’ and prostate cancer (PlncRNA-
1).'% It has been proved that many IncRNAs took part in
the tumor process and are expected to become tumor
markers.'' The role of IncRNA in DLBCL has also been
reported. Peng et al found that IncRNA LUNARI
increased in DLBCL cell lines and tissues.'? The expres-
sion of transcription factor E2F1 and cyclin D1 was
down-regulated and the expression of p21 was increased
after the silencing of LUNARI, thus inhibiting cell pro-
liferation. Evidence has indicated that IncRNA SBF2-
AS1 participated in multiple cancers, including gastric
cancer,’> breast cancer,'® and pancreatic cancer."”
Nevertheless, whether SBF2-AS|1 is involved in DLBCL
is unclear.

Thus, the present study was designed to clarify SBF2-
ASI function in DLBCL and further explore underlying
mechanisms.

Materials and Methods

Clinical Samples
The samples needed for the study were from the tissues
of 50 DLBCL patients treated in Harbin Medical
University Cancer Hospital. Tumor involvement was
studied by taking tumor tissue and surrounding normal
tissue, respectively. All the patients supported our
research and signed informed consent and the Ethics
of Harbin Medical

Committee University Cancer

Hospital.

Cell Culture and Transfection

The commonly used OCI-LY-3, OCI-LY-7, OCI-LY-10,
SU-DHL-4 and SU-DHL —6 cell lines of DLBCL were
purchased from ATCC cell center of the United States.
The cells were cultured in DMEM medium with 10%
fetal bovine serum and 1% dual-antibody solution in an
incubator at 37°C and 5% CO,. The culture medium
was changed every day and passed every 3 days. 500pM
miRNA or 2 pg plasmid or 2 pg siRNA was transfected
into cells, which was mediated by Lipofectamine™
2000 (Invitrogen, Carlsbad, CA, USA). And plasmid or
miRNA or small interfering RNA (si-RNA) were con-
structed and purchased from by Ribobio company
(Guangzhou, China).

RNA Isolation and qRT-PCR

We used trizol method to extract RNA, and RNA concen-
tration and purity were determined using NanoDrop 2000
(Thermo Scientific, USA). RNA is used as transcription
template to reverse transcribe into cDNA. Then SYBR
Premix Ex Taqll was selected for RT PCR reaction. The
expression value of the normal group was set as 1, and the
relative expression of the experimental group was
expressed as 2~ **“T. GAPDH was used as internal control.

Protein Isolation and Western Blot

The tissue or treated cells were lysed with lysis buffer for
30 minutes. After centrifugation, the supernatant was sepa-
rated and placed in a 0.5mL centrifuge tube. BCA method
was used to determine the concentration of each sample,
and protein loading treatment and quantitative protein sam-
ples were used. The samples were electrophoretic with
polyacrylamide gel and then transferred to PVDF mem-
brane. The PVDF membrane carrying protein was sealed
with 1%BSA for 2 hours and incubated with primary anti-
body at 4°C overnight. The second antibody was incubated
the next day, and the amount of protein samples on the
PVDF membrane was detected by chemical radiography.

CCK8 Assay

100 p L cell suspension was prepared in 96-well plate. The
plates were pre-cultured in incubator for 24 hours (37°C, 5%
CO,). 10 p 1 different concentrations of substances were
added to the culture plate. The plates were incubated in the
incubator for 12 h. Add 10 p 1 of CCKS8 solution to each well
(be careful not to generate bubbles in the hole, they will
affect the OD reading). The plates were incubated in incu-
bators for 1-4 hours. The absorbance at 450 nm was deter-
mined by enzyme-linked immunosorbent assay.

Edu Assay

Cells at logarithmic growth stage were taken and seeded in
96-well plates with 4x10°~1x10° cells per well. The cells
were cultured to the normal growth stage. Transfection
was performed according to experimental requirements.
An appropriate amount of 50 uM Edu culture medium
(Ribobio, Guangzhou) was prepared by diluting Edu solu-
tion 1000:1. The cells were incubated at 20 pM Edu for 12
h. The cells were then fixed with 4% paraformaldehyde,
stained with DAPI for 5 minutes, and cell proliferation
was recorded by taking photos with a microscope.
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Wound Healing Assay

The cells were cultured in a 6-well culture plate, and after
24 h of growth at a density, they should achieve
a monolayer fusion of about 70-80%. Gently and slowly
scrape a single layer with the tip of a new 200 pL pipette
through the center of the hole. After scraping, wash the
hole gently with medium twice to remove the isolated
cells. The cells were cultured in a fresh serum-free med-
ium. Cell migration was recorded at 0 h, 24 h and 48 hours
after culture.

Transwell Assay

The matrix glue and basic medium 1640 were fully mixed
according to 1:3. A mixture of 50 uL matrix glue and basal
medium 1640 was added to the bottom of the chamber.
The culture plates with small Chambers were placed in
a 5% CO, incubator for 30 minutes. Single-cell suspension
was prepared and the cell concentration was adjusted to
1x10°/mL. In the 24-well plate, a small chamber with and
without coated matrix glue was set, and a complete med-
ium containing 10% serum was added. Cell suspension of
200 pL was slowly added into a small chamber and cul-
tured at 37°C and 5% CO, for 24 hours. The cells in the
small chamber were removed with a wet cotton swab and
fixed immediately with formaldehyde for 5 minutes. After
that, the small chamber was taken out and dried. Crystal
violet was used for dyeing for 20min. Then, the chamber
was rinsed with water and dried. The number of trans-
membrane cells was observed and counted under the
microscope.

Luciferase Assay

The HEK293 cells were cultured and inoculated in 24-well
plates for 10-24 hours (80% confluence). Lipo200 was
used to transfect WT-SBF2-AS1/Mut-SBF2-AS1 or WT-
FGFR2/Mut-FGFR2 reporter gene plasmid into the cells.
72 hours after the Dual — Luciferase Reporter assay system
detection to extract the protein. After adding miR-494-3p
mimic or miR-NC, luciferase activity was detected again.
Calculate the relative fluorescence intensity.

In vivo Tumor Growth Assay

SU-DHL-6 cells of each group were prepared for inocula-
tion for subculture for 15 generations, and the concentra-
tion was adjusted to 5x107/0.1mL/site and then divided
into different packs. The cell suspension is blown away.
Eighteen BALB/C female nude mice (4-5 weeks, weight

around 20g) were selected and grouped and numbered.
Each nude mouse was weighed. The right armpit was
disinfected with 75% alcohol, and 0.1mL cell suspension
was injected at each site, about LCM was injected, to
reduce leakage and contamination. After inoculation, the
mice were observed daily. After 4 weeks, the nude mice
were collected and killed by excessive carbon dioxide, the
tumors were removed, and the tumors were photographed,
weighed and recorded after all the surrounding connective
tissue was removed. Tumor volume (mm3): V (Mm3) =
S2 (Mm2) x L (Mm)/2. All animal experiments were
performed in compliance with institutional guidelines, the
National Institutes of Health guide for the care and use of
laboratory animals (NIH Publications No. 8023, revised
1978), and had been approved by the Institutional Animal
Care and Use Committee of Harbin Medical University
Cancer  Hospital.
A-2018-014).

(Protocol  Registry = Number:

Statistical Analysis

We used SPSS17.0 and Graphpad Prism 7.0 software for
statistical analysis. The measurement data (measurement
data) were expressed by mean +standard deviation. -test
or variance analysis used to analyze the statistics of two
groups. The Chi-square test was for counting data.

Results
Upregulation of IncRNA SBF2-ASI in

DLBCL Patients

We collected 50 patients diagnosed DLBCL in our hospi-
tal, and microassay was used to determine the differen-
tially expressed IncRNAs in DLBCL tissues comparing
with normal adjacent tissues, which showed an upregula-
tion of IncRNA SBF2-AS1 in DLBCL tissues (Figure 1A).
Then, qRT-PCR analysis confirmed that IncRNA SBF2-
AS1 was elevated in DLBCL cancer tissues comparing
with normal tissues (Figure 1B). As well, SBF2-ASI
level was detected in DLBCL cell lines, which also
showed an increase of SBF2-AS1 in DLBCL cell lines
(OCI-LY-3, OCI-LY-7, OCI-LY-10, SU-DHL-4, SU-DHL
-6) comparing with normal human B-lymphocytes
GM12878 (Figure 1C) (Figure S1).

Deletion of SBF2-AS| Suppressed DLBCL

Cells Growth
Because SBF2-AS1 had the highest expression in OCI-
LY-3 cells according to Figure 1C, we then inhibited
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Figure | LncRNA SBF2-AS| was increased in DLBCL tissue and cells. (A) microanalysis of IncRNAs in DLBCL adjacent normal tissues and cancer tissue. (B) The
expression of SBF2-AS| in DLBCL tissues (n = 50) and adjacent normal tissues (n = 50) determined by qRT-PCR (¥p<0.05). (C) qRT-PCR for the expression of SBF2-AS| in
DLBCL cell lines (OCI-LY-3, OCI-LY-7, OCI-LY-10, SU-DHL-4, SU-DHL-6) and normal human B-lymphocytes GM12878, (n = 6, *p<0.05). The above measurement data were
expressed as mean * standard deviation. Data among multiple groups were analyzed by one-way ANOVA, followed by a Tukey post hoc test. The experiment was repeated
in triplicate.

SBF2-AS1 expression in OCI-LY-3 cells using SBF2- SBF2-ASI Suppressed m|R_494_3p
AS1 siRNA, and si-SBF2-AS1 reduced SBF2-AS1 levels Expression

(Figure 2A). Next, we assessed si-SBF2-AS1 function. explore the molecular mechanism of SBF2-AS1 in
CCK-8 assay was performed to test cell viability, and

data indicated that si-SBF2-AS1 inhibited OCI-LY-3 blndlng between SBF2-AS1 and mlR—494—3p (Flgure 3A)

cell viability (Figure 2B). And Edu results showed that Then luciferase assay showed miR-494-3p inhibited activity
deletion of SBF2-AS1 reduced Edu positive cell numbers o wT SBF2-AS1 not mut SBF2-AS] in HEK293 cells

(Figure 2C). The wound-healing assay suggested that si- (Figure 3B). And overexpression of SBF2-AS1 inhibited
SBF2-AS1 suppressed cell migrate rate (Figure 2D). And iR 494.3p level, while silencing of SBF2-ASI promoted

transwell assay exhibited that si-SBF2-ASI reduced inva- | .p 49 4-3p level (Figure 3C). Furthermore, miR-494-3p
sive ability of OCI-LY-3 cells (Figure 2E). decreased in DLBCL tissues and cells (Figure 3D and E).

DLBCL, we used miRanda database and found a potential
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Figure 2 Knockdown of SBF2-AS|1 inhibits proliferation, migration and invasion in OCI-LY-3 cells. (A) The expression of SBF2-AS| in OCI-LY-3 cells after SBF2-AS| si-RNA
or si-Scramble transfection was determined by qRT-PCR (n = 6, *p<0.05). (B) CKK-8 assay was used to examine the cell growth at 0, 24, 48 and 72 h (n = 10, *p<0.05). (C)
Edu assay was used to calculated cell proliferation (n = 4, ¥p<0.05). Scale bar 100 um. (D) Wound healing assay was used to detect cell migration (n = 4, ¥p<0.05). Scale bar
250 pm. (E) Transwell assay was performed to check cell invasive ability (n = 4, *p<0.05). Scale bar 250 um. The above measurement data were expressed as mean +
standard deviation. Data among multiple groups were analyzed by one-way ANOVA, followed by a Tukey post hoc test. The experiment was repeated in triplicate.
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Figure 3 SBF2-AS| regulated miR-494-3p expression. (A) The paired bases of SBF2-AS| with miR-494-3p. (B) WT and mutant miR-494-3p luciferase plasmids were
transfected into HEK293 cells with pcDNA3.1 or SBF2-AS|. The luciferase activity was measured by dual-luciferase reporter assay system. (n = 6, ¥p<0.05). (C) SBF2-AS| or
si-SBF2-AS| or its NC was transfected into OCI-LY-3 cells. The mRNA level of miR-494-3p was analyzed by qRT-PCR (n = 6, *p<0.05). The mRNA level of miR-494-3p in
DLBCL tissues (D) and cells (E) was detected by qRT-PCR (n = 6, *p<0.05). The above measurement data were expressed as mean * standard deviation. Data among

multiple groups were analyzed by one-way ANOVA, followed by a Tukey post hoc test. The experiment was repeated in triplicate.

MiR-494-3p Directly Targeted FGFR2

Through Targetscan we found bases pairing of miR-494-3p
and FGFR2 (Figure 4A). Followed luciferase analysis sug-
gested miR-494-3p directly inhibited FGFR2 expression
(Figure 4B). Furthermore, miR-494-3p suppressed FGFR2
mRNA and protein expression, but AMO-494-3p increased
FGFR2 level in DLBCL cells (Figure 4C and D). What’s
more, there was a dramatic enrichment of FGFR2 in DLBCL
tissues and cells (Figure 4E and F).

SBF2-AS| Promoted DLBCL Cells
Growth by Modulating miR-494-3p/
FGFR2

Because SBF2-AS1 had the lowest expression in SU-DHL
-6 cells according to Figure 1C, we then forced expression
of SBF2-AS1 with miR-494-3p mimics or si-FGFR2 in
SU-DHL-6 cells (Figure 5A). SBF2-AS1 promoted cell
proliferation, migration and invasion in SU-DHL-6 cells
(Figure 5B-E). However, miR-494-3p or si-FGFR2
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Figure 4 FGFR2 was a direct target of miR-494-3p. (A) Targeting prediction results of miR-494-3p with FGFR2. (B) WT and mutant FGFR2 luciferase plasmids were
transfected into HEK293 cells with NC or miR-494-3p. The luciferase activity was measured by dual-luciferase reporter assay system. (n = 6, ¥p<0.05). miR-494-3p or AMO-
494-3p or its NC was transfected into OCI-LY-3 cells. (C) The mRNA level of FGFR2 was analyzed by qRT-PCR (n = 6, *p<0.05). (D) Western blot was performed to detect
FGFR2 protein expression of (n = 6, ¥p<0.05). The mRNA level of FGFR2 in DLBCL tissues (E) and cells (F) was detected by qRT-PCR (n = 6, *p<0.05). The above
measurement data were expressed as mean * standard deviation. Data among multiple groups were analyzed by one-way ANOVA, followed by a Tukey post hoc test. The
experiment was repeated in triplicate.
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removed the promoting role of SBF2-AS1 on DLBCL
cells (Figure 5B-E).

SBF2-AS| Promoted in DLBCL

Tumorigenesis
We implemented tumor formation in nude mice. SU-DHL
-6 cells were subcutaneously injected into nude mice, and

then, lentivirus packaged SBF2-AS1 was injected through
tail vein. SBF2-AS1 enhanced tumor volume (Figure 6A),
and increased tumor weight (Figure 6B). In addition, iso-
lated tumor tissues had a higher SBF2-AS1 level after
injection (Figure 6C). Moreover, injection of SBF2-
AST1reduced the mRNA level of miR-494-3p, and induced
FGFR2 expression (Figure 6D and E).
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Figure 5 LncRNA SBF2-AS| promotes DLBCL progression via miR-494-3p/FGFR2 axis. (A) SBF2-AS| plasmid was transfected into SU-DHL-6 cells with miR-494-3p or si-
FGFR2, and qRT-PCR analysis was used to detect the transfection efficiency (n = 6, *p<0.05 vs pcDNA3.1, #p<0.05 vs SBF2-AS|). CCK8 assay (B) and Edu assay (C) for cell
proliferation (n = 4, *p<0.05 vs pcDNA3.1, #p<0.05 vs SBF2-ASI). (D) Wound healing assay for cell migration (n = 4, *p<0.05 vs pcDNA3.1, #p<0.05 vs SBF2-AS|). (E)
Transwell assay for cell invasive ability (n = 4, ¥p<0.05 vs pcDNA3.1, #p<0.05 vs SBF2-ASI). The above measurement data were expressed as mean * standard deviation.
Data among multiple groups were analyzed by one-way ANOVA, followed by a Tukey post hoc test. The experiment was repeated in triplicate.
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Figure 6 LncRNA SBF2-AS| promotes in vivo tumor growth in the nude mice. The nude mice were subcutaneously injected with SU-DHL-6 cells into the right flanks of the
nude mice. | week later, we injected lentivirus packaged SBF2-AS| or pcDNA3.I into tumors. (A) The tumor volume was assessed in the nude mice every 7 days (n = 6

*$<0.05). (B) Tumor weight was determined in the isolated tumors from the nude mice (n =
PCR in the isolated tumor tissues (n = 6, *p<0.05). qRT-PCR was performed to detect the relative mRNA expression of miR-494-3p (D) and FGFR2 (E) (n =

6, ¥p<0.05). (C) The relative expression of SBF2-AS| was determined by qRT-
6, ¥p<0.05). (F)

Proposed signaling mechanism for SBF2-AS| and miR-494-3p in DLBCL development. The above measurement data were expressed as mean * standard deviation. Data
among multiple groups were analyzed by one-way ANOVA, followed by a Tukey post hoc test. The experiment was repeated in triplicate.
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Discussion

DLBCL is an extremely complex and invasive disease.'®
Although rituximab combined with CHOP regimen
(R-CHOP) is effective in the treatment of DLBCL,
a third of patients will have a recurrence/refractory
condition."” Due to its high heterogeneity, DLBCL can
be divided into many subtypes, and different histological
types have different responses to treatment.'® The present
study firstly identified an increase of IncRNA SBF2-ASI1
in DLBCL tissues. And functional experiments showed
that silencing SBF2-AS1 inhibited DLBCL cell growth.
Then, we found that SBF2-AS1 sponged miR-494-3p, and
miR-494-3p targeted FGFR2 using database and luciferase
assay. Moreover, SBF2-AS1 accelerated DLBCL cell
growth and tumorigenesis via miR-494-3p/FGFR2 axis
(Figure 6F).

In recent years, it has been reported that IncRNA is
closely related to tumors, and acts as prognostic indicator
or therapeutic target.'” A previous study has shown that
IncRNA AGPG was upregulated in multiple cancers,
which related to poor prognosis.”® In addition, IncRNA
contributes to the development and activation of B cell.?!
Therefore, from the perspective of IncRNA, it has become
a research direction for researchers to find its influence on
the prognosis of DLBCL patients.”? Interestingly, we
found an obvious elevation of IncRNA SBF2-ASI in
DLBCL tissues and cell lines. And our finding suggested
that SBF2-AS1 might be involved in DLBCL develop-
ment, but the underlying mechanism needs to be further
explored.

Considering abnormal expression is the basis of abnor-
mal function, we speculated that SBF2-AS1 might contri-
bute to the process of DLBCL. Then, we silenced SBF2-
AST1 expression in OCI-LY-3 cells that had a higher SBF2-
ASI level. The results showed that si-SBF2-AS1 inhibited
cell viability, proliferation, migration and invasion. And
our data were similar with the previous study.'* These data
revealed that SBF2-AS1 regulated the viability and growth
of DLBCL cells, and SBF2-AS1 might be a biomarker and
target of treatment of DLBCL patients.

Numerous reports proved that IncRNAs act as a sponge of
miRNAs and inhibited their expression and activity. LncRNA
UCAI1 modulated miR-182 through ceRNA mechanism, and
promoted renal cancer progression.”> And IncRNA HGBC
facilitated gallbladder cancer development via sponging miR-
502-3p.** To illuminate the mechanism of SBF2-ASI in
DLBCL, we searched for microRNAs that could bind with

SBF2-AS1. And SBF2-ASI1 can be a sponge of miR-494-3p
and inhibited its expression. miR-494-3p was decreased in
DLBCL tissues and cells, which proved it might negatively
correlate with DLBCL development.

FGFR2, a member of fibrosis growth factor receptor
(FGFR) family, is involved in a wide range of malignant
diseases and nominated as oncogenic drivers.? It has been
reported that degradation of FGFR2 benefited the treat-
ment of cholangiocarcinoma.?® In the present study, we
were surprised to find FGFR2 was o potential target of
miR-494-3p, and FGFR2 was increased in DLBCL tissues
and cells. Followed functional experiments suggested that
overexpression of miR-494-3p or knockdown of FGFR2
removed the promoted effects of IncRNA SBF2-AS1 on
DLBCL development. As well, in vivo tumorigenesis
experiments indicated SBF2-ASI
growth via miR-494-3p/FGFR2 axis.

accelerated tumor

Conclusion

In summary, our data revealed that SBF2-AS1 promoted the
progression of DLBCL, which was mediated by miR-494-3p/
FGFR?2 axis. And this study might provide new understanding
for DLBCL mechanism, and be helpful for DLBCL treatment.
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