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Knockdown of UCALI restrains cell proliferation
and metastasis of diffuse large B-cell lymphoma
by counteracting miR-331-3p expression
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Abstract. Long non-coding RNA urothelial cancer associ-
ated 1 (UCA1) has been reported to act as a carcinogen in
bladder cancer, while its role in diffuse large B-cell lymphoma
(DLBCL) remains unclear. The present study was designed to
explore the expression pattern and role of UCA1 in DLBCL.
The expression pattern of UCA1 and microRNA (miR)-331-3p
in DLBCL tissues and cell lines were detected by RT-qPCR.
Dual luciferase reporter assay was performed to explore the
relationship between UCA1 and miR-331-3p. Cell proliferation
was explored by MTT assay. Cell migration and invasion abili-
ties were assessed by Transwell assay. In the present study, it
was revealed that the expression of UCA1 was significantly
upregulated, while miR-331-3p was downregulated in DLBCL
tissues and cell lines. Moreover, UCA1 was revealed to
competitively bind with miR-331-3p in DLBCL. Functionally,
knockdown of UCA1 was revealed to suppress cell prolif-
eration, migration and invasion in DLBCL cells. Furthermore,
upregulation of miR-331-3p prevented cell proliferation,
migration and invasion in DLBC cells. In conclusion, the
present findings firstly demonstrated that UCA1 silencing
restrained DLBCL cell proliferation and metastases viability
by suppressing miR-331-3p expression. It is suggested that
UCAI1 could be a possible medicinal target and biomarker for
DLBCL.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common
pathological type of Non-Hodgkin lymphoma (NHL), which
accounts for ~25 to 35% of NHL in western developed coun-
tries and up to 60% in developing countries (1). The average
age of DLBCL onset is 67-70 years. DLBCL is an aggressive
B-cell lymphoma that can be cured in ~50% of patients,
however ~30% of DLBCL patients are refractory or eventually
relapse (2). DLBCL is the subtype of lymphoma with the worst
prognosis (3). Due to the high recurrence and the limitations
of current treatment of DLBCL, it is urgent to identify new
DLBCL drivers, therapeutic targets and efficacy predictors.

Long non-coding RNAs (IncRNAs) are a type of RNA
in eukaryotic cells with a transcript length greater than 200
nucleotides, which are located in the nucleus or cytoplasm, and
cannot encode any proteins (4). LncRNAs can bind to proteins,
DNA and RNA, and play a wide range of regulatory roles at
epigenetic, transcriptional and post-transcriptional levels (5).
With the in-depth study of IncRNAs, a growing amount of
evidence has revealed that IncRNAs are abnormally expressed
in various human tumors and involved in the tumorigenesis
and development of human tumors (6,7). Therefore, IncRNAs
have been attracting more and more attention as new tumor
biomarkers and regulators (8). The role of IncRNAs in the
tumorigenesis and development of DLBCL has become a
focus of researchers in recent years. LncRNA RP11-513G11.1
was discovered to be highly expressed in DCBCL, and
closely associated with the prognosis of DLBCL patients (9).
Zhao et al (10) revealed that SNHG14 was upregulated in
DLBCL and drove the development and immune evasion by
interacting with microRNA (miR)-5590-3p, regulating ZEB1
and PD-L1 checkpoints. Furthermore, SMAD5-AS1 was
downregulated in DLBCL, and upregulation of SMADS5-AS1
suppressed cell proliferation by inhibiting miR-135-5p and
upregulating APC expression (11).

Urothelial carcinoma-associated 1 (UCA1) was first
identified in bladder transitional cell carcinoma, and the
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entire sequence consisted of three exons with a length of
1.4 kb (12). Scientists have revealed that UCA1 is dysregu-
lated in several human cancers and plays an important role
in cancer progression (13). In 2006, upregulation of UCA1
was revealed in bladder cancer, and enhanced cell growth and
invasion viability (14). In addition, UCA1 was revealed to be
closely associated to tumorigenesis and progression in breast
cancer (15), oral squamous cell carcinoma (16,17) and ovarian
cancer (18). However, to date, the expression and biological
function of UCA1 in DLBCL have not been reported.

The aim of the present study was to determine the expres-
sion level of UCAT1 in DLBCL tissues and cell lines, as well
as the specific functions of UCA1 and miR-331-3p in the
progression of DLBCL.

Materials and methods

Clinical information and cell lines.In total,38 DLBCL samples
(18 males and 20 females; age range: 24-74 years; mean age:
53 years) and 38 normal samples of adjacent lymph nodes were
collected during biopsy from July 2017 to January 2019 at
Chengwu People's Hospital (Heze, China). The DLBCL diag-
nosis was confirmed by histopathological examination, and
patients were not treated with radiotherapy or chemotherapy
before surgery. The samples were placed in liquid nitrogen for
a short time, and then stored at -80°C until use. The inclu-
sion criteria were as follows: i) Patients that were diagnosed
with DLBCL according to the WHO classification criteria;
ii) patients that had not received radiotherapy or chemotherapy
prior to surgery; and iii) patients with complete clinical data
and long-term follow-up data. The exclusion criteria were
as follows: i) Patients with serious function damage of the
heart, liver and kidney; ii) pregnant and lactating women; and
iii) previous history of any malignancy. The present study was
approved by the Institutional Human Experimentation and
Ethics Committee of Chengwu People's Hospital. Moreover,
the guidelines of the declaration of Helsinki were strictly
adhered to during the study. Prior to the start of the study, all
patients signed written informed consent.

In the present study, GM12878 and JeKo-1 cell lines were
purchased from the Type Culture of the Chinese Academy
of Sciences (Shanghai, China). Other cell lines TMDS,
U2932, OCI-Ly-10 and OCI-Ly-7 were obtained from BeNa
Culture Collection (Beijing, China). All cells were cultured
in a modified Roswell Park Memorial Institute-1640 medium
(RPMI-1640), which contained 10% fetal bovine serum (FBS),
100 g/l penicillin and 100 g/l streptomycin at 37°C with
5% CO,. Then, 0.25% trypsin was used to passage the cells
every other day.

RNA extraction and reverse transcription-quantitative (RT-q)
PCR analysis. Total RNA was isolated from DLBCL tissues
and cells according to the manufacturer's instructions using
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.).
Then, the total extracted RNA was used as the template for
reverse transcriptional cDNA via Transcript cDNA Synthesis
kit (Beijing TransGen Co., Ltd.) according to the manufac-
turer's protocol. The PCR reaction conditions were initial
denaturation at 95°C for 10 min, followed by 40 cycles of dena-
turation at 95°C for 15 sec, annealing at 60°C for 30 sec, and

extension at 72°C for 30 sec. The primer sequences used were
as follows: UCA1 forward, 5'-GCACCCTAGACCCGAAAC
TT-3' and reverse, 5'-CCGGACTGCTTCAAGTGTGA-3";
miR-331-3p forward, 5-GAGCTGAAAGCACTCCCAA-3'
and reverse, 5'-CACACTCTTGATGTTCCAGGA-3'; GAPDH
forward, 5'-CCTGACCTGCGTGTGGACT-3' and reverse,
5'-GCTGTGGATGGGGAGGTGTC-3"; U6 forward, 5'-CGC
TTCGGCAGCACATATAC-3' and reverse, 5S"“TTCACGAAT
TTGCGTGTCAT-3". GAPDH was used as the endogenous
control of UCAI, while U6 was the endogenous control
of miR-331-3p. The expression of UCA1 and miR-331-3p
were detected by RT-qPCR with SYBP Premix Ex Taq II
(Takara Bio, Inc.) and LightCycler® 96 thermocycler (Roche
Diagnostics). The 244% (19) method was used to calculate the
experimental results.

Cell transfection. U2932 cells (4x10%) in the logarithmic
growth phase were seeded into a six-well plate. When cell
confluence reached 70-80%, U2932 cells were transfected
with pcDNA3.1-UCA1(UCA1 vector, 40 nM), small inter-
fering (si)-UCA1 (40 nM), miR-331-3p mimics (40 nM),
miR-331-3p inhibitor (80 nM), or their corresponding negative
control (40 nM) by Lipofectamine 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.). After transfection at 37°C for 1 h, the
cells were incubated with complete medium at 37°C, 5% CO,
and saturated humidity for another 48 h. Vector plasmid,
pcDNA3.1-UCAL1, miR-331-3p mimics, miR-331-3p inhibitor
and the corresponding NC were obtained from Shanghai
GenePharma Co., Ltd.. The sequences were as follows:
si-UCA1, 5-GAGCCGAUCAGACAAACAAUU-3'; si-NC,
5'-UUCUCCGAACGUGUCACGUTT-3'; miR-331-3p mimics,
5'-GCCCCUGGGCCUAUCCUAGAA-3"; miR-331-3p
inhibitor, 5'-UUCUAGGAUAGGCCCAGGGGC-3'; mimic
NC, 5-UUCUCCGAACGUGUCACGUTT-3"; inhibitor NC:
5'-CAGUACUUUUGUGUAGUACAA-3'.

Dual luciferase reporter assay. The interactions between UCA1
and miR-331-3p were predicted by starBase (http://www.star-
base.sysu.edu.cn). The pMirReporter plasmid (Sigma-Aldrich;
Merck KGaA) was used to produce the UCA1l-mutated (mut)
and UCA1-wild (wt). UCAl-mut or UCA1-wt, miR-NC or
miR-331-3p mimics were co-transfected into U2932 cells using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). After transfection at 37°C for 48 h, the relative luciferase
activities were detected by Dual-Luciferase reporter assay
kit (Promega Corporation), according to the manufacturer's
protocol. Luciferase activity was measured and normalized to
Renilla luciferase activity.

MTT assay. DLBCL cells were cultured in a 96-well plate
(1x10* cells/well) and cultured for 24, 48, 72 and 96 h. Then
MTT reagent (10 ul; 5 mg/ml) was added to each well and
incubated for another 4 h at 37°C. After the supernatant was
removed, dimethyl sulfoxide (DMSO) was added (100 pl/well).
The absorbance value at a wavelength of 490 nm was measured
with a microplate reader.

Transwell assays. DLBCL cell migration and invasion were
assessed using Transwell chambers (8 pm; BD Biosciences).
Cell invasion was detected in the upper chamber with Matrigel
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(BD Falcon; BD Biosciences). Cell migration was performed
without Matrigel. First, 1x10° cells were inoculated in the
upper Transwell compartment. Then, 10% FBS was added into
the lower compartment. After culture at 37°C for 24 h, the cells
were fixed with 4% formaldehyde for 30 min and stained with
0.5% crystal violet for 20 min at room temperature. Finally,
the number of migrated and invasive cells were counted
under an optical microscope (magnification, x100; Olympus
Corporation).

Statistical analysis. SPSS 22.0 (IBM Corp.) and GraphPad
Prism 7.0 (GraphPad Software, Inc.) were used for statistical
analysis. All data are presented as the mean + standard devia-
tion (SD). Each experiment was performed at least three times.
The paired Student's t-test was used to evaluate the differences
between two groups. One-way ANOVA and Tukey's post
hoc test were performed to detect the differences in multiple
groups. Kaplan-Meier method and log-rank test were used
to plot the survival curve of DLBCL patients. P<0.05 was
considered to indicate a statistically significant difference.

Results

UCAI and miR-331-3p are aberrantly expressed in DLBCL.
First, the expression pattern of UCA1 and miR-331-3p in
DLBCL tissues was detected by RT-qPCR analysis. The results
revealed that the expression of UCA1 was higher in DLBCL
tissues than in normal tissues (Fig. 1A). Conversely, the expres-
sion level of miR-331-3p in DLBCL tissues was decreased
compared with normal tissues (Fig. 1B). Moreover, compared
with normal cell line GM12878, UCA1 was revealed to be
upregulated in DLBCL cell lines (TMD8, U2932, OCI-Ly10,
OCI-Ly7 and JeKo-1), especially in U2932 cells (Fig. 1C).
Hence, in the following study, U2932 cells were selected as
the research representative of DLBCL cells. On the contrary,
miR-331-3p expression was lower in the DLBCL cell lines than
in the GM 12878 cells (Fig. 1D). All these data indicated that
UCA1 and miR-331-3p may participate in the progression of
DLBCL.

Knockdown of UCAI inhibits cell proliferation, migration
and invasion in DLBCL. Next, the specific role of UCALI in
the progression of DLBCL was investigated. According to
the average expression of UCA1, the DLBCL patients were
divided into a high-UCA1 expression group (n=21) and a
low-UCA1 expression group (n=17). The survival time in both
groups was investigated by Kaplan-Meier. The results revealed
that DLBCL patients with high UCA1 expression had shorter
survival time than the patients in the low-expression group
(Fig. 2A). Moreover, it was determined that UCA1 was closely
associated with IPI score (Table I). Then, si-UCA1 was trans-
fected into U2932 cells, and it was revealed that the expression
level of UCALI was significantly decreased by si-UCAI trans-
fection (Fig. 2B). Subsequently, MTT and Transwell assays
were used to assess DLBCL cell activity. The results revealed
that cell proliferation of U2932 cells was inhibited by depletion
of UCAL (Fig. 2C). Similarly, it was observed that depletion of
UCALI decreased the number of migrated and invaded U2932
cells (Fig. 2D and E). The present findings demonstrated
that UCALI expression affected the survival time of DLBCL
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patients and silencing of UCAL1 suppressed cell proliferation,
migration and invasion of DLBCL cells.

UCAI can act as a sponge of miR-331-3p in DLBCL. Starbase
database predicted that there were complementary sequences
between UCA1 and miR-331-3p (Fig. 3A). To verify this predic-
tion, miR-331-3p mimics or miR-331-3p inhibitor was transfected
into U2932 cells. RT-qPCR results revealed that the expression
of miR-331-3p was significantly increased by miR-331-3p
mimics, but reduced by miR-331-3p inhibitor (Fig. 3B). Then,
a Dual Luciferase Reporter assay was performed to assess the
relative luciferase activity of UCAL. It was observed that the
luciferase activity of UCA1-wt was decreased by miR-331-3p,
but there was no change in UCAI-mut (Fig. 3C). Moreover,
the relationship between UCA1 and miR-331-3p was explored.
The results revealed that miR-331-3p was downregulated by
UCAL1 vector, while it was upregulated by si-UCA1 transfec-
tion (Fig. 3D). Furthermore, miR-331-3p mimics decreased
the expression level of UCAI1, while miR-331-3p inhibitor
increased the expression level of UCA1 (Fig. 3E). Furthermore,
Pearson's correlation analysis revealed that there was a negative
correlation between UCA1 and miR-331-3p (Fig. 3F). These
experimental results indicated that UCA1 can be a sponge to
regulate miR-331-3p expression in DLBCL.

miR-331-3p overexpression inhibits cell proliferation,
migration and invasion in DLBCL cells. To investigate the role
of miR-331-3p on the progression of DLBCL cells, miR-331-3p
mimics were transfected into U2932 cells. Functionally,
it was revealed that miR-331-3p mimics inhibited the cell
proliferation capability of U2932 cells (Fig. 4A). Moreover,
when U2932 cells were transfected with miR-331-3p mimics,
a significant decrease of migrated and invasive cells were
observed in the Transwell migration and invasion assays,
compared with miR-NC (Fig. 4B and C). Additionally,
downregulation of miR-331-3p was revealed to be associated
with LDH ratio in DLBCL patients (Table II). Collectively the
data demonstrated that miR-331-3p upregulation prevented
DLBCL cell progression.

UCAI regulates DLBCL cell progression by competitively
binding with miR-331-3p. To explore the role of DLBCL/
miR-331-3p on the progression of DLBCL, si-UCA1 were
transfected into U2932 cells with miR-331-3p inhibitor. As
revealed in Fig. 5A, the expression of miR-331-3p was increased
by si-UCAI, while it was reduced by miR-331-3p inhibitor
with UCA1 knockdown. Next, functional experiments on the
UCA1/miR-331-3p axis were conducted. It was revealed that the
inhibitory effect of si-UCAL1 on cell proliferation was restored
by miR-331-3p inhibitor (Fig. 5B). Moreover, the suppression
of cell migration ability was reversed by miR-331-3p inhibitor
(Fig. 5C). Similarly, miR-331-3p inhibitor had the same effect
on cell invasion ability (Fig. 5D). Consequently, the present data
indicated that knockdown of UCAL1 had a negative effect on
DLBCL cell progression by inhibiting miR-331-3p expression.

Discussion

Studies have revealed that various IncRNAs are involved
in the tumorigenesis and development of DLBCL, and
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Table I. Associations between the expression level of UCA1 and clinical characteristics of DLBCL patients (n=38).

UCAL expression

Clinical characteristics Number of cases n=38 Low (n=17) High (n=21) P-value

Age (years) 0.389
>60 15 8 7
<60 23 9 14

Sex 0.973
Male 18 8 10
Female 20 9 11

Ann Arbor stage 0.618
I-11 24 10 14
II-1v 14 7 7

Clinical stage 0.899
I-11 13 6 7
I-1v 25 11 14

LDH ratio 0.054
=<1 20 6 14
>1 18 11 7

IPI score 0.021*
0-2 26 8 18
3-5 12 9 3

*P<0.05, indicating a significant difference. UCA1, urothelial cancer associated 1; DLBCL, diffuse large B-cell lymphoma; LDH, lactate
dehydrogenase; IPI, International Prognostic Index.
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Figure 1. UCAI and miR-331-3p are aberrantly expressed in DLBCL. (A) UCA1 was upregulated in DLBCL tissues. (B) miR-331-3p was downregulated in
DLBCL tissues. (C) The expression of UCA1 was higher in DLBCL cell lines than in GM 12878 cells. (D) miR-331-3p was downregulated in DLBCL cell lines.
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Table II. Associations between the expression level of miR-331-3p and clinical characteristics of DLBCL patients (n=38).
miR-331-3p expression
Clinical characteristics Number of cases n=38 Low (n=18) High (n=20) P-value
Age (years) 0.944
>60 15 7 8
<60 23 11 12
Sex 0.732
Male 18 8 10
Female 20 10 10
Ann Arbor stage 0.671
I-11 24 12 12
aI-1v 14 6 8
Clinical stage 0.139
I-11 13 4 9
I-1v 25 14 11
LDH ratio 0.022*
<1 20 13 7
>1 18 5 13
IPI score 0.061
0-2 26 15 11
3-5 12 3 9

*P<0.05, indicating a significant difference. miR-331-3p, microRNA-331-3p; DLBCL, diffuse large B-cell lymphoma; LDH, lactate dehydro-
genase; IPI, International Prognostic Index.
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DLBCL cell proliferation and cell activity, and could be a
favorable biomarker in DLBCL. LncUCAL1 has been revealed
to be aberrantly expressed in several human tumors, and to
participate in tumor tumorigenesis and development. However,
the role of UCAI remains unclear. In the present research, it
was revealed that the expression of UCA1 was significantly
upregulated in DLBCL tissues and cell lines. Consistent with
our results, UCA1 was also upregulated in gastric (22) and
adrenocortical cancer (23). In glioma, UCAI1 was detected to
drive cell proliferation, migration and EMT (24). In agreement
with previous studies, functional experiments revealed that
silencing of UCA1 suppressed U2932 cell proliferation, and
increased the number of migrated and invaded cells. Similarly,
UCA1 was demonstrated to be actively involved in tumor
initiation and progression, and act as an oncogene in multiple
myeloma (25) and prostate cancer (26). The present results

indicated that UCA1 knockdown inhibited cell proliferation,
migration and invasion in DLBCL.

miRNAs are a type of endogenous non-coding regula-
tory RNAs with a length of 20-25 nucleotides. Researches
have revealed that miRNAs regulate gene expression through
sequence-specific translation or mRNA cleavage, and are
involved in a series of important biological processes such
as cell proliferation, differentiation, and apoptosis (27,28). In
recent years, research on the relationship between DLBCL and
miRNAs has made great advances. For example, Ting et al (29)
systematically analyzed a large number of studies and found
that miR-155, miR-334, miR-21, miR-146b-5p and miR-17/92
clusters have certain value in predicting the chemotherapy
response in DLBCL. In previous research, UCA1 was
revealed to competitively bind with several miRNAs (13,30).
Gao et al (31) confirmed that UCAL facilitated thyroid cancer
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cell ability and metastasis by decreasing the expression of
miR-497-3p. In addition, UCA1 was revealed to directly
target miR-495 (32,33) and miR-185-5p (34). In the present
study, UCA1 was revealed to act as a molecular sponge of
miR-331-3p, which was consistent with previous findings in
multiple myeloma (35). In addition, there was a negative rela-
tionship between UCA1 and miR-331-3p in DLBCL. Moreover,
the expression level and role of miR-331-3p in DLBCL were
detected. The results revealed that miR-331-3p expression was
decreased in DLBCL tissues and cell lines. Furthermore, func-
tional experiments revealed that overexpression of miR-331-3p
inhibited U2932 cell proliferation, migration and invasion.
In addition, miR-331-3p inhibitor was revealed to reverse the
inhibitory effect on cell proliferation and metastasis which
was stimulated by si-UCA1. According to the present findings,
UCALI had a negative effect on DLBCL cell progression by
inhibiting miR-331-3p expression.

In conclusion, upregulation of UCA1 and downregulation
of miR-331-3p were revealed in DLBCL tissues and cell lines.
Moreover, the present findings firstly indicated that knock-
down of UCAI1 suppressed cell proliferation, migration and
invasion by competitively binding with miR-331-3p in DLBCL.
Combined with all findings, it is suggested that UCA1 could be
a target for treatment and prognosis of DLBCL.
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