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Screening and identification of differentially expressed microRNAs
in diffuse large B-cell lymphoma based on microRNA microarray
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Abstract. Diffuse large B-cell lymphoma (DLBCL) is the
most common type of B-cell non-Hodgkin lymphoma in
adults and the pathogenesis of DLBCL is multifactorial and
complex. Understanding the molecular mechanisms involved
in DLBCL is important to identify new therapeutic targets.
The present study aimed to screen and identify differentially
expressed microRNAs (miRNAs/miRs) between diffuse
large B-cell lymphoma (DLBCL) and control [lymph node
reactive hyperplasia (LRH)] groups, and to investigate
whether miRNAs associated with DLBCL could serve as
potential therapeutic targets. In total, 5 DLBCL experi-
mental samples and 5 control samples were obtained from
fresh patient tissues. Firstly, the fresh samples were analyzed
using miRNA microarray to identify differentially expressed
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miRNAs. Next, three databases (TargetScan, microRNA.
org and PITA) were used to predict by intersection the
potential target genes of the 204 differential miRNAs iden-
tified, and a Venn diagram of the results was performed.
Subsequently, the target genes of differential miRNAs were
analyzed by Gene Ontology and Kyoto Encyclopedia of
Genes and Genomes pathway analysis. Finally, to validate
the miRNA microarray data, reverse transcription-quanti-
tative PCR (RT-qPCR) was performed for 8 differentially
expressed miRNAs (miR-193a-3p, miR-19a-3p, miR-19b-3p,
miR-370-3p, miR-1275, miR-490-5p, miR-630 and miR-665)
using DLBCL and LRH fresh samples. In total, 204 miRNAs
exhibited differential expression, including 105 downregu-
lated and 54 upregulated miRNAs. The cut-off criteria were
set as P<0.05 and fold-change =2. A total of 7,522 potential
target genes for the 204 miRNAs were predicted. Potential
target genes were enriched in the following pathways:
‘Cancer’, ‘MAPK signaling pathway’, ‘regulation of actin
cytoskeleton’, ‘focal adhesion’, ‘endocytosis’, “Wnt signaling
pathway’, ‘axon guidance’, ‘calcium signaling pathway’
and ‘PI3K/AKT signaling pathway’. A total of 8 miRNAs
were validated by RT-qPCR, and 4 miRNAs (miR-19b-3p,
miR-193a-3p, miR-370-3p and miR-490-5p) exhibited low
expression levels in DLBCL (P<0.05), while miR-630 was
highly expressed in DLBCL (P<0.05). Overall, the present
study screened 204 differentially expressed miRNAs and
analyzed the expression levels of 8 differentially expressed
miRNAs in DLBCL. These differentially expressed miRNAs
may serve as therapeutic targets for improvement of thera-
peutic efficacy in DLBCL in the future.

Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most
common type of B-cell non-Hodgkin lymphoma in adults,
and is known to be heterogeneous in clinical manifestations,
tissue morphology, immune typing and prognosis (1,2). The
sub-classification of DLBCL, which is based on cell-of-origin
by using the Hans algorithm (3), includes germinal center
B-cell like (GCB) and non-GCB DLBCL subtypes. The 5-year
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overall survival rate for patients with DLBCL is 60-70% with
standard chemotherapy of rituximab plus cyclophosphamide,
doxorubicin, vincristine and prednisone (4). However, DLBCL
has a recurrence rate of 30-50% shortly after treatment, and
commonly progresses to the advanced stage (4). Previous
studies (5,6) have reported that multiple targets and abnormal
signaling pathways lead to DLBCL development, recurrence
and drug resistance; thus, potential therapeutic targets associ-
ated with signaling pathways are key to improve outcomes for
patients. The pathogenesis of DLBCL and effective therapeutic
drugs for the disease are currently being investigated.

It is well known that abnormally expressed proteins lead
to diseases or tumors. Therefore, targeting abnormal proteins
has become a research hotspot. However, without changing
the regulation of gene expression, abnormal proteins will
still be produced. Since DNA is usually not easy to change,
RNA has become the target of regulation. There are numerous
non-coding RNAs (ncRNAs), which serve numerous impor-
tant roles (7).

MicroRNAs (miRNAs/miRs) form a large family of
ncRNAs with a length of 19-22 nucleotides, and dysregula-
tion of miRNAs is involved in cancer development and
progression (8). Since the first miRNA (lin-4) was identified
by Lee et al (9) in 1993, the role of miRNAs in tumors has
been widely studied, and it has been reported that miRNAs
can regulate ~1/3 of all mammalian expressing genes at the
post-transcriptional level, as well as inhibiting translation
and/or degrading their targeted mRNAs (8).

The pathogenesis of DLBCL is multifactorial and
complex; understanding the molecular mechanisms involved
in DLBCL is important to identify new therapeutic targets.
The present study aimed to explore the possible pathogenic
factors responsible for the occurrence and development of
DLBCL at the miRNA, mRNA and protein levels, in order
to expand the understanding of the development of DLBCL
and provide therapeutic targets for this disease. Our previous
study (5) used proteomics methods isobaric tags for relative
and absolute quantification (iTRAQ) to explore differentially
expressed proteins in DLBCL. A total of 335 differen-
tially expressed proteins were identified. Through Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analysis, it was found that pathways in cancer,
PI3K/AKT signaling and alcoholism were significantly
changed. The PI3K/AKT signaling pathway was associated
with a large number of differentially expressed proteins,
suggesting that DLBCL may be associated with PI3K/AKT
signaling, which may help to develop a comprehensive
treatment of DLBCL and provides new insights into the
pathogenesis of the disease (5). Furthermore, formalin-fixed
paraffin-embedded DLBCL tissue samples were subjected
to immunohistochemistry to verify the expression levels of
the differentially expressed proteins identified by iTRAQ and
associated with the PI3K/AKT signaling pathway (6). The
results revealed that this signaling pathway serves an essential
regulatory role in DLBCL (6).

In the current study, microarray methods involving Agilent
Human miRNA Array were employed to detect differentially
expressed miRNAs between DLBCL and lymph node reactive
hyperplasia (LRH) control groups. A total of 10 fresh tissue
samples (5 DLBCL and 5 LRH) were analyzed. Databases

were used to predict the potential target genes of the differ-
entially expressed miRNAs. The potential target genes were
then analyzed by Gene Ontology (GO) and KEGG pathway
enrichment analyses. The results of proteomics and miRNA
array were comprehensively analyzed, and the expression
levels of 8 differentially expressed miRNAs, whose potential
target genes may be regulated by the PI3K/AKT signaling
pathway, were verified by reverse transcription-quantitative
PCR (RT-qPCR). The present study screened and identified
differentially expressed miRNAs, and predicted the potential
target genes of the differentially expressed miRNAs and their
key signaling pathways. The present results provide a basis for
further studies on the causes, underlying molecular mecha-
nisms and molecular biomarkers for the diagnosis, prevention
and effective treatment of DLBCL.

Materials and methods

Patient samples. A total of 30 fresh tissues were collected
from untreated patients who did not receive radiation
or chemotherapy prior to surgery at The First Affiliated
Hospital of Xinjiang Medical University (Uriimqi, China)
between January 2012 and December 2019, including
15 cases of DLBCL (5 GCB and 10 non-GCB) and 15 cases
of LRH. There were 21 males and 11 females patients with
an age range of 3 to 83 years and a median age of 41.5. The
exclusion criteria comprised patients with other lymphoid
diseases and patients undergoing chemotherapy. The inclu-
sion criteria were fresh lymph node tissue from patients with
DLBCL before any treatment. All fresh lymph node tissues
were collected according to standard operating procedures
during surgery, and the samples were washed with isotonic
saline. The samples were slowly frozen in liquid nitrogen
within 8 min, and then stored in a refrigerator at -80°C. The
complete clinical and pathological data, hematoxylin and
eosin sections and paraffin-embedded tissue samples of all
patients were obtained, and the histological diagnosis of the
tissues was confirmed and classified by two senior hema-
tologists. The pathological classification was based on the
2016-revised 4th edition of the World Health Organization
classification (10), and was further subtyped using the Hans
algorithm (3) by senior hematopathologists. In total, 10 fresh
frozen tissues from the aforementioned 30 fresh frozen
samples were randomly selected and divided into two groups:
5 DLBCL (2 GCB and 3 non-GCB) tissues as the experi-
mental group and 5 LRH tissues as the control group. The
samples were subjected to miRNA microarray analysis to
screen differential miRNAs. All the aforementioned 30 fresh
frozen tissues were divided into two groups: 15 DLBCL
(5 GCB and 10 non-GCB) tissues as the experimental group
and 15 LRH tissues as the control group. The samples were
subjected to RT-qPCR for detecting the expression levels
of the differentially expressed miRNAs. Written informed
consent was obtained from all patients. All procedures
involving human participants in the present study comply
with the ethical standards of institutions and/or national
research councils, as well as with the Declaration of Helsinki
and its subsequent amendments or similar ethical standards.
The present study was approved by the Ethics Committee of
the Department of Medicine of The First Affiliated Hospital
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of Xinjiang Medical University (approval no. 20160218-13).
The series record GSE173080 provides access to all of the
current data (https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE173080).

Screening and identification of differentially expressed
miRNAs RNA extraction. Total RNA was extracted from
fresh frozen tissues using the mirVana™ RNA Isolation kit
(cat. no. AM1561; Thermo Fisher Scientific Inc.) according to
the manufacturer's instructions. Total RNA was quantified by
NanoDrop ND-2000 (Thermo Fisher Scientific, Inc.) and the
RNA integrity was assessed using Agilent Bioanalyzer 2100
(Agilent Technologies, Inc.).

miRNA microarray. The Agilent Human miRNA Array
(cat. no. 8x60 K; Design ID: 070156; Agilent Technologies,
Inc.) was used for analysis of the fresh frozen samples.
Sample labeling, microarray hybridization and washing were
performed according to the manufacturer's standard proto-
cols. Briefly, total RNA was dephosphorylated, denatured
and labeled with cyanine-3-CTP(Cy3). After purification, the
labeled RNAs were hybridized onto the microarray. After
washing, the arrays were scanned with the Agilent Scanner
G2505C (Agilent Technologies, Inc.).

miRNA microarray data analysis. Feature Extraction
software (version 10.7.1.1; Agilent Technologies, Inc.) was
used to analyze array images to obtain the raw data. Next,
GeneSpring software (version 12.5; Agilent Technologies,
Inc.) was employed for basic analysis of the raw data. First,
the raw data were normalized with the quantile algorithm.
Probes that had =75% of samples in any one condition out
of two conditions with flags in ‘Detected’ were selected
for further data analysis. Differentially expressed miRNAs
were identified by their fold-change and P-value calculated
using the unpaired Student's t-test. The thresholds set for
upregulated and downregulated genes were fold-change =2.0
and P<0.05 (11). Target genes of differentially expressed
miRNAs were the intersection predicted with three data-
bases [TargetScan, www.targetscan.org; microRNA.org,
www.microrna.org; and PITA, http://genie.weizmann.
ac.il/pubs/mir07/mir07_dyn_data.html). GO and KEGG
analyses were applied to determine the roles of these target
genes (12). Hierarchical clustering was performed to show
the distinguishable miRNA expression pattern among
samples.

RT-qPCR. Nine differentially expressed proteins which
associated with the PI3K/AKT signaling pathway were
screened by the proteomics method in DLBCL in our previous
study (5). A total of 204 differentially expressed miRNAs
were screened by miRNA microarray in the present study,
and miRNA-mRNA prediction was conducted between
204 differentially expressed miRNAs and the aforementioned
9 differentially expressed genes, and it was found that the
8 differential miRNAs had targeting relationships with the
9 differentially expressed genes. Based on the array and
miRNA-mRNA prediction results, 8 differentially expressed
miRNAs were selected, including miR-193a-3p, miR-19a-3p,
miR-19b-3p, miR-370-3p, miR-1275, miR-490-5p, miR-630

Table I. Sequences of the miRNA primers used for reverse
transcription-quantitative PCR.

miRNA Sequence (5'-3")
hsa-miR-193a-3p-F GCAGAACTGGCCTACAAAG
hsa-miR-19a-3p-F GCAGTGTGCAAATCTATGCAA
hsa-miR-19b-3p-F AGTGTGCAAATCCATGCAA
hsa-miR-370-3p-F CCTGCTGGGGTGGAA
hsa-miR-1275-F GGTGGGGGAGAGGCT
hsa-miR-490-5p-F GCAGCCATGGATCTCC
hsa-miR-630-F CAGAGTATTCTGTACCAGGGAA
hsa-miR-665-F ACCAGGAGGCTGAGG
U6-F GCTTCGGCAGCACATATACT
AAAAT

F, forward; miR/miRNA, microRNA.

mm microRNAorg
EPITA
| EmmTargetScan

TargetScan

microRNAorg PITA

Figure 1. TargetScan, microRNA .org and PITA databases were used to create
a Venn diagram, and the intersection predicted 7,522 overlapping target
genes of the 204 differential microRNAs.

and miR-665, whose potential target genes may regulate the
PI3K/AKT signaling pathway, were verified by RT-qPCR
in DLBCL and LRH tissues. Total RNA was isolated from
tissues using TRIzol® reagent (cat. no. 15596026; Thermo
Fisher Scientific, Inc.) and reversely transcribed into cDNA
using the miRNA First Strand cDNA kit (cat. no. B532451;
Sangon Biotech Co., Ltd.) according to the manufacturer's
protocol. The sequences of the forward primers for miRNAs
are shown in Table I, and the reverse primer was provided in
the miRNA Fluorescence Quantitative PCR kit (SYBR Green
dye method) (cat. no. B532461; Sangon Biotech Co., Ltd.).
gPCR was performed with the Applied Biosystems 7500 Fast
PCR System (Applied Biosystems; Thermo Fisher Scientific,
Inc.) using the miRNA Fluorescence Quantitative PCR kit. U6
was used as an internal control gene (13). The miRNA expres-
sion levels were determined by RT-qPCR and calculated using
the 2-24% method (14,15). The thermocycling conditions for
the PCR were 95°C for 30 sec, followed by 40 cycles of 95°C
for 5 sec and 60°C for 30 sec.
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Table III. Kyoto Encyclopedia of Genes and Genomes pathway functional enrichment analysis.

Rank ID Term List hits  Listtotal  Population hits  Population total P-value
1 5200  Pathways in cancer 131 1,399 327 5,981 3.51x10"?
2 4010  MAPK signaling pathway 115 1,399 268 5,981 3.68x10"
3 4810  Regulation of actin cytoskeleton 95 1,399 214 5,981 4.37x10"2
4 4510  Focal adhesion 94 1,399 200 5,981 8.62x1074
5 4144  Endocytosis 84 1,399 203 5,981 5.40x107°
6 4310  Wnt signaling pathway 71 1,399 151 5,981 1.02x10°"°
7 4360  Axon guidance 69 1,399 130 5,981 1.27x10°"
8 4020  Calcium signaling pathway 60 1,399 177 5,981 8.32x10*
9 4141  Protein processing in endoplasmic 56 1,399 167 5,981 1.63x10°

reticulum

10 4120  Ubiquitin mediated proteolysis 53 1,399 139 5,981 5.85x10°

11 4722  Neurotrophin signaling pathway 51 1,399 127 5,981 1.56x10%

12 4530  Tight junction 48 1,399 133 5,981 5.75x10*

13 4151  PI3K/AKT signaling pathway 46 1,399 138 5,981 4.63x107

14 4514  Cell adhesion molecules (CAMs) 42 1,399 136 5,981 2.61x107?

15 4660 T cell receptor signaling pathway 42 1,399 108 5,981 2.03x10*

‘List hits’ indicates the number of genes annotated by the considered KEGGpathwaycategory or annotation cluster within the analyzed list of
target genes. ‘List total’ indicates the number of genes within the analyzed list of target genes having at least one KEGG pathwayannotation.
‘Population hits’ indicates the number of genes, available on the entire microarray, annotated by the considered KEGG pathway category or
annotation cluster. ‘Population total’ indicates the number of genes available on the entire microarray and having at least one KEGG pathway
annotation. P-value indicates the significance P-value of the gene enrichment of the considered KEGG pathwaycategory or annotation cluster,
calculated with a unilateral Fisher's exact test. KEGG, Kyoto Encyclopedia of Genes and Genomes.

Statistical analysis. All quantitative data are expressed as the
mean + SD of 3 experiments and were analyzed with SPSS 18.0
software (SPSS, Inc.). Unpaired Student's t-test and one-way
ANOVA followed by the least significance difference post-hoc
test were used for statistical analysis. P<0.05 was considered to
indicate a statistically significant difference.

Results

Differential miRNAs screening. A total of 2,550 miRNAs
were detected by Agilent Human miRNA Array. For the
comparison between the experimental group and the control
group, the probes marked with 75% samples ‘Detected’ in at
least one group were selected for the second step of differ-
ential screenings. For the group with biological repeats,
fold-change =2 and P<0.05 were used as the screening criteria.
In total, 204 differential miRNAs were screened (Table SI),
among which, 54 were upregulated and 150 were downregu-
lated in DLBCL compared with in LRH tissues.

Target gene prediction. Target genes of differentially expressed
miRNAs were the intersection predicted with three databases
(TargetScan, microRNA .org and PITA). A total of 121,174 target
genes were predicted only in TargetScan, 13,401 target genes
were predicted only in PITA and 117,485 target genes were
predicted only in microRNA.org. Additionally, 67,875 over-
lapping genes (between microRNA.org and TargetScan),
3,523 overlapping genes (between microRNA.org and PITA)
and 2,353 overlapping genes (between TargetScan and PITA)

were identified. The intersection of the target genes predicted
by all three databases consisted of 7,522 target genes (Fig. 1).

GO functional enrichment analysis. The target genes of
differentially expressed miRNAs were particularly enriched in
molecular functions, especially in ‘protein binding’, ‘metal ion
binding’ and ‘zinc ion binding’ (Table IT and Fig. 2). For biological
processes, the target genes of differentially expressed miRNAs
were enriched in ‘regulation of transcription, DNA-dependent’,
‘signal transduction’ and ‘multicellular organismal development’
(Table II and Fig. 2). In addition, GO cell component analysis
indicated that the target genes were enriched in ‘nucleus’, ‘cyto-
plasm’ and ‘plasma membrane’ (Table II and Fig. 2).

KEGG pathway functional enrichment analysis. According to
the results of KEGG enrichment analysis, the target genes of
differentially expressed miRNAs were enriched in ‘pathways
in cancer’, ‘MAPK signaling pathway’, ‘regulation of actin
cytoskeleton’, ‘focal adhesion’, ‘endocytosis’, “Wnt signaling
pathway’, ‘axon guidance’, ‘calcium signaling pathway’ and
‘PI3K/AKT signaling pathway’ (Table III and Fig. 3).

Hierarchical clustering. Through hierarchical clustering
analysis, it was found that the same samples can appear in the
same cluster, and miRNAs clustered in the same cluster may
have similar biological functions (Fig. 4).

Validation of the differentially expressed miRNAs. Only
statistically significant different miRNAs RT-qPCR results



ONCOLOGY LETTERS 22: 753, 2021 7

DNA binding

Nucleotide binding

Zinc ion binding

Metal ion binding

Protein binding

Intracellular

Cytosol

Plasma membrane

Cytoplasm

Nucleus

Transcription

Cell adhesion

Multicellular organismal development
Signal transduction

Regulation of transcription DNA-dependent

B sP
Il cc
Bl v

I T
0 20

T T T 1
40 60 80 100

Transcriptional domain coverage (%)

Figure 2. Results of Gene Ontology functional enrichment analysis of the 7,522 target genes. BP, biological process; CC, cellular component; MF, molecular
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Figure 3. Results of Kyoto Encyclopedia of Genes and Genomes pathway functional enrichment analysis of the 7,522 target genes.

were shown. Compared with those in the control group, the
expression levels of miR-19b-3p, miR-193a-3p, miR-370-3p
and miR-490-5p were significantly lower in the DLBCL group
(P<0.05), while miR-630 expression was significantly higher
in DLBCL (P<0.05) (Table IV and Fig. 5A).

As shown in Table V, the GCB and non-GCB groups
exhibited significantly lower expression levels of miR-19b-3p,
miR-193a-3p, miR-370-3p and miR-490-5p (P<0.05), and
significantly higher expression levels of miR-630 compared
with the LRH group. Additionally, there was no significant
differences in miRNA expression between the GCB and
non-GCB groups (Fig. 5B).

Discussion

DLBCL is a common lymphoid malignancy in adults. Despite
the improvements in therapeutic options and survival of
patients, treatment resistance is a major clinical challenge
in DLBCL, and ~40% of patients have refractory disease or
relapse (16). Therefore, it is urgent to find novel treatment
targets and effective therapeutic drugs to improve the survival
of patients with DLBCL.

Microarray analysis has become a widely used tool for
generating gene expression data on a genomic scale and
has emerged as a promising and efficient tool for screening
significant genetic or epigenetic alterations in carcinogen-
esis (17). miRNAs are known as one of the main regulators
of gene expression in important biological and physiological
processes, such as cell proliferation, apoptosis, proliferation,
differentiation, cell motility and angiogenesis, as well as in
disease initiation and progression, being particularly impor-
tant in cancer cell invasion, migration and metastasis (18).
Additionally, miRNAs are involved in B-cell development,
B-cell receptor, B-cell migration/adhesion and production of
follicles, plasma cells and memory B cells (19). Therefore,
miRNAs are expected to receive increased attention as
molecular targets for the diagnosis, prediction of prognosis
and treatment of DLBCL. Beheshti ez al (20) identified a circu-
lating miRNA signature in a Smurf2-deficient mouse model
that spontaneously develops DLBCL. By using cut-points
from recursive partitioning analysis, they derived a 5-miRNA
signature (let-7b, let-7c, miR-18a, miR-24, and miR-15a) with a
classification rate of 91% for serum from patients with DLBCL
vs. normal controls.These circulating miRNAs were able to



Table IV. Analysis of miRNA expression levels in DLBCL vs. control groups (mean+SD).

miR-19b-3p miR-193a-3p miR-370-3p miR-1275 miR-490-5p miR-630 miR-665

miR-19a-3p

Groups
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Control (LRH)

(n=15)

DLBCL

1.132+0.503 1.200+0.722 1.172+0.728 1.186+0.788 1.164+0.655 1.095+0.524 1.085+0.430

1.134+£0.576

0.578+0.382 0.548+0.252 0.236+0.192 1.299+0.753 0.456+0.326 2.145+1.235 1.440+0.948

0.882+0.648

15)
T value
P-value

(n

-1.319
0.198

3.397 3.299 4817 -0.401 3.742 -3.030
0.004 0.001

0.002

1.126
0.270

0.007

0.692

0.000

DLBCL, diffuse large B-cell lymphoma; LRH, lymph node reactive hyperplasia; miR/miRNA, microRNA.

distinguish between DLBCL subtypes and disease character-
istics for clinicopathological diagnosis. Ting et al (21) found
that miR-155, miR-17/92, miR-21, miR-224 and mir-146b-5p
have value in predicting treatment response to chemotherapy
in DLBCL. It has been suggested that miRNAs can be
employed as an indicator to predict relapse or refractoriness
after treatment of DLBCL (21). In the present study, 204
differential miRNAs were screened in DLBCL, which may
provide a basis for researchers to identify the pathogenesis of
DLBCL, and may serve in the future as reliable biomarkers for
precise diagnosis and as therapeutic targets for improvement
of treatment efficacy in DLBCL.

miRNAs are important regulators of gene expression,
since they eventually lead to a decrease in the observed
mRNA expression levels of target genes (22). Therefore, the
present study predicted the target genes of the 204 differen-
tially expressed miRNAs with three databases (TargetScan,
microRNA.org and PITA). In total, 7,522 overlapping target
genes of the 204 differential miRNAs were identified. The
current results may provide a theoretical basis for future
studies on the occurrence and development of DLBCL.

miRNAs regulate target genes or themselves to activate or
inhibit signaling pathways, and have become a research hotspot
for tumor development and therapeutic targets in DLBCL (23).
In the present study, KEGG analysis was implemented to
determine the roles of these target genes. It was found that the
target genes were enriched in ‘pathways in cancer’, ‘MAPK
signaling pathway’, ‘regulation of actin cytoskeleton’, ‘focal
adhesion’, ‘endocytosis’, “Wnt signaling pathway’, ‘axon guid-
ance’, ‘calcium signaling pathway’ and ‘PI3K/AKT signaling
pathway’. Shim er al (24) has reported that miR-124 acts as a
tumor suppressor by targeting NF-«B p65 in B-cell lymphoma.
Zhao et al (25) has indicated that SMADS antisense RNA 1
inhibits DLBCL cell proliferation by sponging miR-135b-5p
to upregulate adenomatous polyposis coli expression and
inactivate the classic Wnt/f-catenin signaling pathway.
Yoon et al (23) found that the PI3K/AKT signaling pathway
is strongly enriched with targets of miR-29 in DLBCL. In the
present study, certain signaling pathways, such as pathways in
cancer, and the MAPK, Wnt and PI3K/AKT signaling path-
ways, were identified, which is consistent with the results of
previous studies on DLBCL (5,23). In addition, a number of
novel signaling pathways were identified in the present study,
such as regulation of actin cytoskeleton, focal adhesion, endo-
cytosis, axon guidance and the calcium signaling pathway,
which may therefore be associated with the occurrence and
development of DLBCL. The role of these novel signaling
pathways in DLBCL needs to be further studied.

According to our previous studies (5,6) the PI3K/AKT
signaling pathway serves an important regulatory role in the
occurrence and progression of DLBCL. A previous proteomic
study demonstrated that there were 9 differential proteins in
DLBCL that regulated the PI3K/AKT signaling pathway (5),
hence miRNA-mRNA prediction was conducted with these
9 miRNAs in the present study. Thus, eight differentially
expressed miRNAs in DLBCL and LRH, whose potential
target genes may regulate the PI3K/AKT signaling pathway,
were verified by RT-qPCR. It was revealed that miR-19b-3p,
miR-193a-3p, miR-370-3p and miR-490-5p exhibited low
expression in DLBCL (P<0.05), while miR-630 expression
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Figure 4. Results of unsupervised hierarchical cluster analysis of the 204 differentially expressed microRNAs as shown by a heat map. The color scale indicates
the change in gene expression from relatively low (green) to relatively high (red) levels. The row name represents the sample name, while the column name
represents the probe name.
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Figure 5. Reverse transcription-quantitative PCR results of the expression levels of different miRNAs. (A) Expression levels of different miRNAs in DLBCL
compared with those in LRH (control) ("P<0.05). (B) Different miRNA expression levels in the GCB DLBCL, non-GCB DLBC and LRH groups ("P<0.05).
miRNA, microRNA; DLBCL, diffuse large B-cell lymphoma; LRH, lymph node reactive hyperplasia; GCB, germinal center B-cell like; miR/miRNA,

microRNA.

in DLBCL was high (P<0.05). These differentially expressed
miRNAs serve an important regulatory role in a variety of
tumors; however, there are limited studies on DLBCL.
miR-19b-3p has been reported to be associated with favor-
able or unfavorable events in several types of cancer. Its role
is controversial depending on the tumor, and it may be a good
non-invasive biomarker for cancer detection. Tang et al (26) has
reported that miR-19b-3p promotes intrahepatic cholangiocar-
cinoma (ICC) cell proliferation and epithelial-mesenchymal
transition (EMT), and inhibits apoptosis, while knockdown
of coiled-coil domain containing 6 (CCDC6) reverses these
effects. These results suggest that serum miR-19b-3p expres-
sion may be an important biomarker for ICC diagnosis, and
targeting the miR-19b-3p-CCDC6 axis may be a promising
strategy for ICC treatment (26). Park et al (27) has reported
that miR-19b-3p can inhibit the migration of breast cancer

cells through exosome-mediated delivery by targeting aqua-
porin-5. Marcuello et al (28) has demonstrated that a plasma
6-miRNA signature (miR-15b-5p, miR-18a-5p, miR-29a-3p,
miR-335-5p, miR-19a-3p and miR-19b-3p) can be used to
distinguish between colorectal cancer (CRC) or advanced
adenoma and healthy individuals. The aforementioned serum
6-miRNA signature may be a useful strategy to improve the
diagnostic performance of current CRC screening programs.
Although miR-19b-3p has been implicated in certain types of
cancer, its role in cancer remains controversial, and there are
no relevant studies on its role in DLBCL.

Numerous studies (29,30) have revealed the crucial
role of the miR-193 family, which comprises miR-193a-3p,
miR-193a-5p, miR-193b-3p and miR-193b-5p, in health and
disease-associated biological processes by interacting with
specific target genes and signaling pathways, mainly acting



Table V. Analysis of miRNA expression levels in GCB, non-GCB DLBCL subtypes and control groups (mean+SD).

miR-19b-3p miR-193a-3p miR-370-3p miR-1275 miR-490-5p miR-630 miR-665

miR-19a-3p

Groups

Control (LRH)

(n=15)

GCB

1.132+0.503 1.269+0.904 1.172+0.728 1.186+0.788 1.164+0.655 1.095+0.524 1.085+0.430

1.134+0.576

0.573£0.397* 0.582+0.263" 0.230+0.111* 0.975+0.568 0.437+0.406* 1.860+1.628" 0.949+0.372

0.682+0.308

(n=5)

Non-GCB

(n=10)

0.580+0.396* 0.531+0.259* 0.239+0.228" 1.461+0.807 0.466+0.303* 2.287+1.061* 1.685+1.067

0.982+0.760

2P<0.05 vs. control. DLBCL, diffuse large B-cell lymphoma; LRH, lymph node reactive hyperplasia; GCB, germinal center B-cell like; miR/miRNA, microRNA.
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as a tumor suppressor. Wang et al (29) has demonstrated that
miR-193a-3p is a tumor suppressor gene that serves an impor-
tant role in the biology of health and disease by interacting with
specific targets and signals, and it also inhibits the prolifera-
tion and facilitates the apoptosis of hepatocellular carcinoma
(HCC) cells. It has been suggested that miR-193a-3p may be
used as a promising biomarker for the diagnosis of HCC and as
a therapeutic target for HCC in the future (29). Lin et al (30) has
revealed that the expression levels of miR-193a-3p in human
CRC cell lines are significantly decreased compared with
those in a normal colonic epithelium cell line. Overexpression
of miR-193a-3p inhibits the proliferation, migration and angio-
genesis of CRC cells, while forced expression of plasminogen
activator urokinase rescues these inhibitory effects (30).
Chen et al (31) has demonstrated that miR-193a-3p expres-
sion in pancreatic ductal adenocarcinoma (PDAC) tissues is
significantly lower than that in non-cancerous tissues. When
overexpressing miR-193a-3p in PDAC cells, their prolifera-
tive ability was significantly inhibited, the apoptosis rate was
accelerated, and the cell cycle was blocked in the G, and G,/M
phases (31). In the present study, it was found that miR-193a-3p
exhibited low expression in DLBCL (P<0.05). It was specu-
lated that the functional role of this miRNA in DLBCL may
be considered as a tumor suppressor. However, to the best of
our knowledge, there are no relevant studies on the role of
miR-193a-3p in DLBCL.

miR-370-3p serves an important regulatory role in a variety
of tumors, and increasing evidence has suggested that it is
downregulated and acts as a tumor suppressor in numerous
types of cancer. Several studies (32-34) have indicated that it
serves a regulatory role in tumors through the regulation of
target genes, it can increase the sensitivity to chemotherapy
drugs and it can be used as a biomarker or a therapeutic
target in tumors. Li et al (32) has found that miR-370-3p
inhibits chronic myeloid leukemia cell proliferation and
induces apoptosis by suppressing PDZ and LIM domain
protein 1/Wnt/B-catenin signaling. Nadaradjane et al (33)
has indicated that miR-370-3p/temozolomide (TMZ) treat-
ment is 2-fold more efficient than TMZ treatment alone in
decreasing the volume of glioblastoma multiforme in mice.
It has been suggested that miR-370-3p may be used as a
therapeutic tool for anti-glioblastoma multiforme therapy (33).
Leivonen et al (34) has profiled the miRNAs of matched
primary and relapsed DLBCL by next-generation sequencing
and has revealed that miR-370-3p is markedly downregulated
in the majority of relapsed DLBCL samples, while overex-
pression of miR-370-3p regulates the target genes MAP3KS,
PIK3R1, PIK3CG, PI3KCD and SYK, resulting in downregu-
lated mRNA expression levels. It has been demonstrated that
miR-370-3p downregulates genes involved in the PI, MAPK
and BCR signaling pathways, and enhances the chemosensi-
tivity of DLBCL cells in vitro (34). The present study indicated
that miR-370-3p expression was downregulated in DLBCL,
suggesting that it may inhibit the occurrence and development
of DLBCL. Research on miR-370-3p in patients with DLBCL
is rare; thus, further studies are required.

Recent studies have found that miR-490-5p is associated
with the occurrence and development of tumors, and serves
an important role in a variety of tumors. Wang et al (35)
has revealed that miR-490-5p expression is markedly
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downregulated in neuroblastoma (NB) tissues and cell lines.
Overexpression of miR-490-5p suppresses cell proliferation,
migration and invasion, and induces cell cycle G,/G, arrest and
apoptosis in NB cell lines (35). The aforementioned results
have demonstrated for the first time that miR-490-5p may
function as a tumor suppressor in NB by targeting a myeloma
overexpressed gene (35). Xiang ef al (36) has demonstrated
that miR-490-5p promotes the proliferation of bladder cancer
cells and inhibits their apoptosis. In the present study, low
miR-490-5p expression was observed in DLBCL. It was spec-
ulated that miR-490-5p may be involved in the occurrence and
development of DLBCL, but no relevant studies on its regula-
tory mechanism in DLBCL have been conducted thus far.

Previous evidence has demonstrated that miR-630 is
involved in multiple processes during cancer development and
progression. Valera er al (37) has performed miRNA profiling
in young patients with prostate cancer (PCa) and compared
the results with those of PCa in older men. Their results
have revealed that, compared with its expression in PCa and
its normal counterpart, miR-630 expression is significantly
upregulated in PCa (37). Differentially expressed miRNAs
provide insights into the molecular mechanisms involved in
this PCa subtype. Pan et al (38) has provided the first evidence
that miR-630 inhibits papillary thyroid carcinoma (PTC) cell
growth, metastasis and EMT by suppressing the JAK2/STAT3
signaling pathway, and indicated that a potential therapeutic
strategy through enhancing miR-630 expression may benefit
patients with PTC. The present study indicated that miR-630
was a differentially expressed miRNA with high expression in
DLBCL. It was hypothesized that miR-630 may be involved
in the occurrence or development of DLBCL, but no relevant
studies have been conducted on DLBCL to date. However,
since it serves an important role in other tumors, it is worth
further studying the role of miR-630 in DLBCL.

In summary, the present study screened 204 miRNAs
that exhibited differential expression between DLBCL and
control groups via miRNA microarray. Altered expression
levels of five miRNAs, including miR-19b-3p, miR-193a-3p,
miR-370-3p, miR-490-5p and miR-630, may contribute to the
development of DLBCL. The current findings provide valuable
information to understand the pathogenesis of DLBCL, and
may lead to the development of therapeutic strategies involving
the use of miRNAs for the treatment of patients with DLBCL.
Further exploration of the biological role of these differentially
expressed miRNAs in DLBCL will strengthen the conclusions
of the present study. For example, future studies should be
performed to analyze these differentially expressed miRNAs
in DLBCL cell lines.
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