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Introduction

The rising incidence of non-Hodgkin’s lymphoma has 
triggered a sudden urgency in the scientific community to 
explore effective treatment strategies, in order to achieve 
better therapeutic outcomes. Among the many common forms 
of non-Hodgkin’s lymphoma that are indolent or aggressive 
is diffuse B-cell lymphoma (DLBC). Rigorous analysis 
through micro-array-based gene profiling (1) has proposed the 
identification of two major subtypes: activated B-cell like (ABC) 

and germinal centre B-cell like carcinoma. Other techniques, 
such as immunohistochemistry (2), Nanostringn Counter 
system (3), and Hans classification (4), have supported the 
obtained outcomes. Studies have also confirmed that 
effective therapeutic outcomes and rapid prognoses are 
associated with the identification of mutagenic changes 
causing structural relocation due to Myc, BCL-2, and  
BCL-3 (5). 

At present, patients with a known diagnosis of DLBC 
are offered rituximab plus cyclophosphamide, prednisone, 
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along with other corticosteroids (such as doxorubicin 
and vincrinstine). This approach has been found to 
support quick recovery, allowing for a complete cure in 
60–70% of patients. However, there is a concern for the 
remaining 30–40% patients, who reportedly experience  
relapse (5). Consequently, the present research is intended 
to understand the biochemical mechanism associated 
with the initial trigger and rapid progression of DLBCL. 
Additionally, the analysis will also be conducive to 
identifying new molecular targets leading to effective 
prognosis as well as the implementation of better 
therapeutic modules. 

According to previous studies, oncogenic cellular division, 
migration, and proliferation are extensively regulated by 
microRNAs (miRNAs) (6-8), which are therefore considered 
as key players in the development of various forms of 
lymphatic cancers (including DLBC) (9-12). 

According to previous studies, oncogenic cellular 
division, migration, and proliferation are extensively 
regulated by microRNAs (miRNAs) (6-8), which are 
therefore considered as key players in the development of 
various forms of lymphatic cancers (including DLBC) (9,10). 

A large number of studies have found that miRNAs 
are abnormally expressed in a variety of malignant 
tumors and are associated with malignant tumor growth  
(11-13). Expression of miR-425-5p is upregulated in 
renal cell carcinoma and promotes cell viability, invasion 
and migration (12). In prostate cancer, high miR-425-
5p expression can significantly promote the proliferation, 
migration and invasion of tumor cells (13). Previous studies 
have indicated that miRNA-425-5p-PTEN axis play key 
role in breast cancer and lung cancer (14,15), however 
the miRNA-425-5p-PTEN axis in diffuse large B cell 
lymphoma remain unclear.

Thus, in the present study, we report the effect of miR-
425-5p up-regulation in the oncogenic development of 
DLBC, and further suggest that it can be regarded as a 
novel target to block the expression of miR-425-5p via 
guided signaling pathways, such as phosphatase and tensin 
homolog (PTEN)/phosphatidylinositol 3-phosphate kinase 
(PI3K). We present the following article in accordance with 
the MDAR reporting checklist (available at https://dx.doi.
org/10.21037/tcr-21-2394).

Methods

Patient specimens

In total, 25 DLBCL samples and 25 normal samples of 

adjacent lymph nodes were collected during biopsy from 
July 2017 to January 2019 at Zhejiang Cancer Hospital 
who donated DLBC samples, as well as 25 control samples 
collected from lymphoid hyperplasia patients. This study 
was approved by the institutional review board of First 
Hospital Affiliated to Fujian Medical University. The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). All participants were 
informed about the outcome and provided written 
informed consent, and participants identity was also kept 
hidden. 

Analysis of the cell lines, cell culture, and transfection 
profile

All the required cell lines, including DLBCL (U2939, 
TMD8) and human B lymphocyte (GM12878) cell lines 
were acquired from ATCC (Manassas, VA, USA). Others, 
like classic Hodgkin’s lymphoma (L428), mantle cell 
lymphoma (Jeko-1), follicular lymphoma (WSU-FSCCL), 
and DLBCL (OCI-Ly3) cell lines, were obtained from 
the local cell bank of the Chinese Academy of Sciences. 
With 10% fetal bovine serum (FBS) and 100 μg/L pen-
strep combinations at 5% (carbon dioxide) CO2, these 
cell lines were grown in RPMI-1640 medium. DLBCL 
cell lines (U2939, TMD8) were treated with LY294002, 
which is a previously described PI3K inhibitor obtained 
from Sigma Aldrich (Sigma-Aldrich; Merck KGaA). miR-
425-5p mimic (5'-CTGCUAGAGGCAGCGCTGT-3') 
a n d  n e g a t i v e  c o n t r o l  ( N C )  ( t e r m e d  a s  N C , 
5 ' - A C U A C U T G G U G A C G C T G A G C A - 3 ' ) 
oligonucleotides were purchased from Guangzhou RiboBio 
Co., Ltd. (Guangzhou, China). In accordance with the 
manufacturer’s protocol, transfection of cells with 50 nM 
oligonucleotides was carried out using Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc., California, 
USA). Lentiviral vector (LV)-NC and LV-PTEN were 
purchased from Gene Pharma (Shanghai, China) and 
transfected into DLBCL cell lines (U2939, TMD8) in strict 
accordance with the manufacturer’s instructions.

PI3K activity assays

The activity of PI3K was assayed as described earlier (8). 
PI3K activity in the immunoprecipitates was analyzed 
using a PI3K enzyme‐linked immunosorbent assay kit 
(Echelon Biosciences, Salt Lake City, UT, USA) based on 
the manufacturer’s instructions.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6826330/#b15-or-0-0-7371
https://dx.doi.org/10.21037/tcr-21-2394
https://dx.doi.org/10.21037/tcr-21-2394
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Luciferase assay

Luciferase activity was detected at 24 h using a Dual-
Luciferase Reporter Assay kit (cat. no. E1910; Promega 
Corporation, Madison, WI, USA) and reported as  
previous (12). 

Cell growth assays

The viability of cells was explored using the Cell Counting 
Kit-8 (CCK-8) kit, as per the manufacturer’s protocol, 
according to which seeding of approximately 5,000 
indicated treated TMD8 and U2932 cells was conducted in 
96-well plates and were incubated. Along with the addition 
of CCK-8, the cells were transfected with the same for 48 h. 
The absorbance was measured after 1 h of incubation. 

Colony formation assay 

To assess the colony-forming ability of the cells, we 
seeded approximately 1,000 indicated treated TMD8 
and U2932 cells per well of a 10 mm culture dish. The 
cells were maintained in optimum culture conditions for 
approximately 2 weeks prior to the analysis. After 2 weeks, 
the staining of cells was carried out with crystal violet (1%) 
and the colony number was estimated.

Real-time reverse transcription-PCR (qRT-PCR) analysis 

The qRT-PCR analysis was performed as previous (8). 
The final expression profile of miR-425-5p was assessed 
using SYBR PrimeScript Kits (Qiagen, Hilden, Germany) 
according to the manufacturer’s instructions, U6 was used 
as an internal control for microRNA, and GAPDH was 
used for mRNA by employing the 2−∆∆Ct method. The 
primer sequences used for the analysis included miR-
425-5p (F: 5'-GGGGAGTTAGGATTAGGTC-3', 
a n d  R :  5 ' - T G C G T G T C G T G G A G T C - 3 ' ) ,  U 6 
( F :  5 ' - C T C G C T T C G G C A G C A C A - 3 ' ,  a n d  R : 
5 ' - A A C G C T T C A C G A AT T T G C G T- 3 ' ) ,  P T E N 
(F: 5'-TGGATTCGACTTAGACTTGACC-3', and 
R: 5'-AGGATATTGTGCAACTCTGCAA-3'), and 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
(F: 5'-CATCACCATCTTCCAGGAGCG-3', and R: 
5'-TGACCTTGCCCACAGCCTT-3') (F: forward primer; 
R: reverse primer).

Statistical analysis

Data analyses were conducted using SPSS 19.0 software 
(SPSS; Inc, Chicago, IL, USA). Controls were compared 
using Analysis of Variance (ANOVA) (one-way) with 
Duncan’s post-hoc test or the student’s t-test, along with P 
values, which were considered significant at <0.05. Taking 
the average of the three variables, the data were analyzed 
using mean ± standard deviation (SD). 

Results

Enhanced expression of miR-425-5p in DLBC

All the samples obtained from the test as well as controls 
were assessed for expression profiles of miR-425-5p, 
using RT-PCR as demonstrated in Figure 1A and cells 
obtained from lymphoma tissues were high in expression 
in comparison with controls. In addition, the expression 
profiles were also found to be higher in lymphoma cell lines 
as compared to their control version like B-lymphocyte 
cell lines (GM12878) (Figure 1B). The findings are in 
consistence with previous findings of other cancers, further 
suggesting significantly enhanced expression of miR-425-5p 
in DLBC.

Increased proliferation of DLBC cells by miR-425-5p 

The association between an increase in the level of 
miR-425-5p and increased proliferation rates of cells 
obtained from DLBC patients was assessed. As shown in  
Figure 2A-2C, there existed a direct association with 
increased proliferation rate, and colony-forming capacity 
(Figure 2D,2E). These results further support that miR-425-
5p enhanced DLBC cells proliferation.

PTEN is targeted by miR-425-5p 

Using Target Scan 7 (https://www.targetscan.org/vert_71/), 
we observed that PTEN was a predicted miR-425-5p 
target (Figure 3A). Considering that inactivation of the 
PTEN signaling pathway is closely associated with the pro-
malignancy of DLBC (16), we focused on the miR-425-5p/
PTEN axis in DLBC. In reporter assays of PTEN 3'-UTR, 
there was miR-425-5p-mediated suppression of wide-
type (WT) PTEN expression (TMD8-WT, mimic NC vs. 
miR-425-5p mimic: 1.000±0.178 vs. 0.397±0.109, P<0.001; 



4908 Wu et al. miR-425-5p enhances DLBC growth by PTEN

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2021;10(11):4905-4913 | https://dx.doi.org/10.21037/tcr-21-2394

Large B cell ly
mphoma

Lymphoma

GM12878
TMD8

JeKo-1
U2932

OCI-Ly3

R
el

at
iv

e 
m

iR
-4

25
-5

p 
ex

pr
es

si
on

R
el

at
iv

e 
m

iR
-4

25
-5

p 
ex

pr
es

si
on

0.020

0.015

0.010

0.005

0.000

8

6

4

2

0

***

*** *

*
**

A B

Figure 1 miR-425-5p is highly expressed in DLBC. (A) qRT-PCR of miR-425-5p in 25 DLBC and 25 lymphoma tissues. (B) qRT-PCR of 
miR-425-5p in human DLBC cell lines and human B lymphocyte (GM12878). Data: mean ± SD. *, P<0.05; **, P<0.01; ***, P<0.001. DLBC, 
diffuse large B-cell lymphoma; qRT-PCR, real-time reverse transcription-PCR.

m
im

ic 
NC

42
5-

5p
 m

im
ic

m
im

ic 
NC

42
5-

5p
 m

im
ic

m
im

ic 
NC

mimic NC

42
5-

5p
 m

im
ic

425-5p mimic

m
im

ic 
NC

42
5-

5p
 m

im
ic

R
el

at
iv

e 
m

iR
-4

25
-5

p 
ex

pr
es

si
on

O
D

 4
50

nm
C

ol
on

y 
nu

m
be

rs

O
D

 4
50

nm

10

8

6

4

2

0

0.8

0.6

0.4

0.2

0.0

800

600

400

200

0

0.8

0.6

0.4

0.2

0.0

TMD8

TMD8

TMD8

TMD8 mimic NC TMD8 mimic NC

TMD8 425-5p mimic TMD8 425-5p mimic

0 01 12 23 3
Time after inoculation, days Time after inoculation, days

U2932

U2932

U2932

***

***

***

***

*
*

A

D

B

E

C

Figure 2 miR-425-5p promotes DLBC. (A) miR-425-5p expression in TMD8 and U2932 cells; (B,C) CCK-8; (D,E) colony-forming assay 
in TMD8 and U2932 cells with miR-425-5p mimic. Data: mean ± SD. *, P<0.05; ***, P<0.001. DLBC, diffuse large B-cell lymphoma.



4909Translational Cancer Research, Vol 10, No 11 November 2021

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2021;10(11):4905-4913 | https://dx.doi.org/10.21037/tcr-21-2394

U2932-WT, mimic NC vs. miR-425-5p mimic: 1.000±0.235 
vs. 0.359±0.138, P<0.001, Figure 3B,3C). However, little 
effect was observed on mutated fragments of PTEN 3'-UTR 
(Figure 3B,3C). PTEN transcript levels were lower in miR-
425-5p mimics-transfected cells (TMD8, mimic NC vs. 
miR-425-5p mimic: 1.000±0.241 vs. 0.358±0.142, P<0.001; 
U2932, mimic NC vs. miR-425-5p mimic: 1.000±0.292 vs. 
0.468±0.0829, P<0.001, Figure 3D). Furthermore, miR-425-
5p also negatively regulated the related PTEN transcript 
levels in DLBC tissue (P=0.035, R2=0.178, Figure 3E). As a 
result, PTEN may be indicated as a target of miR-425-5p 
in the cells.

miR-425-5p promotes DLBC via the PTEN/PI3K pathway

We analyzed the expression profiles of miR-425-5p mimic 

cells by assessing the PTEN mRNA levels (Figure 4A), 
to suggest that blocking of the said receptor can decrease 
cellular proliferation and oncogenic development. It could 
also be observed that miR-425-5p could enhance cell 
proliferation, evident by the increased cellular viability. 
Moreover, the same can be reversed by transfecting the cells 
with PTEN (Figure 4B,4C). Additionally, cells obtained 
from DLBC tissues were treated with PI3K inhibitor 
LY294002 + miR-425-5p or LY294002 mimics (Figure 4D). 

Meanwhile, we found that the activity of PI3K was 
significantly reduced in transfected cells than in mimic 
control (P<0.01). The activity of PI3K in DLBC cells 
transfected with miR-425-5p mimic and LY294002 was high 
in comparison with the other counterpart (i.e., LY294002) 
(P<0.01). Thus, it can further be suggested that PTEN/
PI3k signaling is associated with the pro-tumorigenic effect 
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of miR-425-5P. 

Discussion

In this regard, miRNA has been identified to be one of 
the key players in regulating oncogenic developments, and 
therefore may possibly be manipulated in order to identify 
effective therapeutic outcomes (17-21). Other studies have 
supported the above-mentioned suggestion, including Sun 
et al., who confirmed the reduced progression of DLBC 
post-inhibition of miR-214, which was achieved by blocking 
DLBC (22). Additionally, Sun et al. also suggested that miR-
223-3p is responsible for the increased rate of proliferation 
of cells in DLBC through PPP2R2A regulation (23). 
Recently, studies have already confirmed that circulating 
miR-155 is responsible for poor prognosis and reduced 

survival (24). These studies have effectively confirmed 
the role of miRNAs as efficient biomarkers for cancer 
prognosis, including DLBC. In all of the relevant studies 
proposed herein, the function of miR-425-5p has not yet 
been explored, highlighting the need for special attention. 
Therefore, in the current work, we examined the inherent 
mode of DLBC cell progression induced by miR-425-5p 
(Figure 4E). 

In the present work, we established the significance 
of miR-425-5p inhibition as being responsible for the 
reduced progression of DLBC. The proposed biomarker 
(i.e. miR-425-5p) is reportedly responsible for targeting 
multiple genes, including but not limited to Dickkopf 3 (25),  
CYLD (26), GSK3β (27), AIFM1 (28), and PTCH1 (29), 
and was therefore used as a basis for targeting PTEN as the 
potential therapeutic module. The study further allowed 
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us to confirm that cells obtained from DLBC tissues can 
be transfected using luciferase reporter assay for targeting 
PTEN-3'UTR, which may functionally lead to the 
inhibition of miR-425-5p.

We also carried out reporter assays using luciferase, and 
observed that PTEN-3'UTR may be directly targeted by 
miR-425. Further investigation confirmed that targeting 
cells with PTEN could reduce the cancer-causing effect 
of miR-425-5p via the PTEN/PI3K pathways. PTEN 
serves as a suppressor of tumors, which has well-defined 
phosphatase activity (30). It facilitates the progression of 
the cell cycle, apoptosis inhibition, and has been shown 
to be highly active in various human cancers (31,32). 
PI3K signaling can be suppressed by PTEN, which also 
exhibits anti-cancer functions (33). The examination of 
the biochemical mode of action of miR-425-5p in DLBC 
cells, and its cancer-promoting effects were found to be 
carried out via PTEN/PI3K signaling axis manipulation. 
Since PI3K/AKT signaling activates downstream of the 
mammalian target of rapamycin (mTOR) pathway, which 
is implicated in autoimmune and infectious diseases such 
as human immunodeficiency virus (HIV) and Sars-COV2 
(34-42), it can be speculated that miR-425-5p may also 
play a pathogenic role in other conditions such as multiple 
sclerosis, breast cancer, and HIV infection. These are 
worthy of further study in the future. However, the present 
study has some limitations that should be noted, including (I) 
the lack of overexpression experiments in normal cells, (II) 
the lack of AKT inhibitor experiments to verify the effect 
of mir-425-5p on the PTEN/PI3K signaling pathway, (III) 
lack of the effects of miR-425-5p by in vivo experiments, 
(IV) validate the target gene of miR-425-5p by rescue 
experiments, (V) the effects of miR-425-5p on apoptosis, 
We will in future research to address these deficiencies in-
depth exploration.

In conclusion, we found that miR-425-5p plays an 
oncogenic role in DLBC and facilitates an oncogenic 
phenotype via the inhibition of PTEN. These results add 
to our existing knowledge on the function of miR-425-
5p and also present new therapeutic schemes for DLBC 
detection and therapy. Further experiments on angiogenesis 
and metastasis in DLBC will contribute to elucidating the 
functions of miR-425-5p. 
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