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Abstract. Burkitt lymphoma  (BL) has a high mortality 
rate and its treatment is currently limited to chemotherapy 
combined with immunotherapy. The long non‑coding RNA 
antisense non‑coding RNA in the INK4 locus (ANRIL) has 
been identified as an oncogene that can regulate cell prolif‑
eration and apoptosis in multiple types of cancer. However, 
the function of ANRIL in BL remains unknown. The present 
study aimed to determine the effect of ANRIL on cell prolif‑
eration and apoptosis in BL. Reverse transcription‑quantitative 
PCR was used to analyze the expression levels of ANRIL 
in BL cells. The effect of ANRIL knockdown on BL cells 
was determined using Cell Counting Kit‑8, flow cytometric, 
western blotting, immunofluorescence staining and Hoechst 
staining assays. The results revealed that ANRIL silencing 
inhibited the proliferation and promoted the apoptosis of 
BL cells. In addition, the expression levels of cyclin D1, E2F 
transcription factor 1 and Bcl‑2 were downregulated, while 
the expression levels of cyclin‑dependent kinase inhibitor 1A, 
Bcl‑2‑associated X protein, cleaved‑caspase‑9/pro‑caspase‑9 
and cleaved‑caspase‑3/pro‑caspase‑3 were upregulated. 
Furthermore, the knockdown of ANRIL activated the TGF‑β1 
signaling pathway, as evidenced by the upregulated expression 
levels of TGF‑β1, phosphorylated (p)‑SMAD2/3/SMAD2/3, 
p‑SMAD1/SMAD1 and sphingosine‑1‑phosphate receptor 2. 
Moreover, the protective effect of ANRIL silencing in BL 
could be inhibited by the TGF‑β receptor type  I/II dual 
inhibitor, LY2109761. In conclusion, the findings of the 
present study suggested that the knockdown of ANRIL may 
inhibit cell proliferation and promote cell apoptosis in BL by 

regulating the TGF‑β1 signaling pathway, which may provide 
a novel target for the treatment of BL.

Introduction

Burkitt lymphoma (BL) is a high‑grade non‑Hodgkin's B cell 
lymphoma and the fastest growing type of cancer in humans (1). 
The incidence of BL is ~1,500 cases per year in the United 
States (2). Currently, the treatment of BL primarily consists 
of cytotoxic chemotherapy combined with aggressive tumor 
lysis management, including administration of allopurinol and 
adequate hydration (3). Therefore, numerous researchers are 
actively searching for effective molecules for the treatment 
of BL (4). An improved understanding of the mechanisms 
involved in the development of BL is essential for designing 
more individualized and effective therapeutic strategies.

Long non‑coding RNA (lncRNA) is a type of non‑coding 
RNA of >200 nucleotides in length (5). To date, it has been 
demonstrated that lncRNAs serve a pivotal role in the 
developmental process of various diseases, including cancer, 
cardiovascular diseases, nervous system disorders, metabolic 
disorders and other diseases, via both transcriptional and 
post‑transcriptional regulation of gene expression  (6‑10). 
Antisense non‑coding RNA in the INK4 locus (ANRIL), 
also known as CDKN2B antisense RNA 1, is transcribed 
as a 3,834 base pair lncRNA in the opposite direction from 
the INK4b‑ARF‑INK4a gene cluster (11). Common disease 
genome wide association studies have identified that the 
ANRIL gene was a genetic susceptibility locus that was 
associated with coronary disease, intracranial aneurysm and 
numerous types of cancer (12). In particular, the expression 
levels of ANRIL were revealed to be upregulated in numerous 
types of cancer, including lung, colorectal, bladder and cervical 
cancer, as well as hepatocellular carcinoma (13‑17), where they 
were involved in the development of cancer through regulating 
the expression levels of multiple downstream microRNAs or 
mRNAs (18,19). However, to the best of our knowledge, very 
few studies have reported the effects of ANRIL in BL.

TGF‑β is a multifunctional biological activity secreted 
cell factor, which participates in various cellular biological 
processes via binding to the cell membrane receptor CD25 
and activating downstream signaling pathways, including 
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the SMAD protein family (20). Kawabata et al (21) reported 
that TGF‑β induced the apoptosis of B cell lymphoma Ramos 
cells through the membrane spanning 4‑domians A1/CD20 
signaling pathway. Chen et al (22) found that downregulated 
ANRIL could inhibit the proliferation of human esophageal 
squamous cell carcinoma through activating the TGF‑β1 
signaling pathway. In addition, another previous study discov‑
ered that the ANRIL‑induced cell invasion and metastasis 
in thyroid cancer was mediated through the TGF‑β/SMAD 
signaling pathway (23).

In the present study, to explore the function of ANRIL in the 
development of BL, the expression levels of ANRIL were knocked 
down in BL cell lines using small interfering RNA (siRNA). The 
results revealed that ANRIL silencing suppressed cell prolifera‑
tion and promoted cell apoptosis. Moreover, the knockdown of 
ANRIL activated the TGF‑β1 signaling pathway. Notably, the 
protective effect of ANRIL silencing in BL could be inhibited 
by a TGF‑β receptor inhibitor. Thus, the present study provided 
a novel target for the treatment of BL.

Materials and methods

Cell culture. The BL cell lines Daudi, CA46, Raji and Farage 
(Shanghai Zhongqiao Xinzhou Biotechnology Co., Ltd.) 
were cultured in RPMI‑1640 medium (Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 10%  FBS (HyClone; 
GE Healthcare Life Sciences), and maintained in a humidified 
incubator with 5% CO2 at 37˚C.

Cell transfection. Daudi and CA46 cells were seeded (4x105) 
into 6‑well plates. Following culture for 24 h, 30 pmol siRNA 
targeting ANRIL or negative control (NC) siRNA (JTS Scientific) 
were transfected into Daudi and CA46 cells at 37˚C for 48 h 
using Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.). The sequences of the NC siRNA and the 
siRNAs targeting ANRIL were: NC siRNA, 5'‑UUCUCCG 
AACGUGUCACGUTT‑3'; ANRIL siRNA‑1, 5'‑AAGCGAGG 
UCAUCUCAUUGCUCUAU‑3'; and ANRIL siRNA‑2, 
5'‑CGGACUAGGACUAUUUGCCACGACA‑3'.

For rescue experiments, cells were pretreated with 
10 µmol/l LY2109761 (Cayman Chemical Company) for 12 h 
prior to transfection at 37˚C. Subsequently, cells were trans‑
fected with ANRIL siRNAs or NC siRNA as aforementioned, 
and then treated with 10 µmol/l LY2109761 for 48 h at 37˚C 
with 5% CO2 for rescue experiments.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from cells using the RNAsimple Total 
RNA kit (Tiangen Biotech Co., Ltd.). Total RNA was reverse 
transcribed into cDNA using oligo (dT)15, random primers 
(GenScript), M‑MLV reverse transcriptase (Tiangen Biotech 
Co., Ltd.), dNTPs, 5X buffer and RNase inhibitor (Tiangen 
Biotech Co., Ltd.) at 25˚C for 10 min, 42˚C for 50 min and 
80˚C for 10 min. qPCR was subsequently performed to analyze 
the expression levels of ANRIL using cDNA samples, primers 
(GenScript), SYBR  Green (Beijing Solarbio Science & 
Technology Co., Ltd.) and 2X Taq PCR MasterMix (Tiangen 
Biotech Co., Ltd.). The following thermocycling conditions 
were used for the qPCR: Initial denaturation at 94˚C for 5 min; 
followed by 40 cycles at 94˚C for 10 sec, 60˚C for 20 sec and 

72˚C for 30 sec; and final extension at 72˚C for 150 sec. The 
following primer pairs were used for the qPCR: ANRIL 
forward, 5'‑CTCCAGACAGGGTCTCACTC‑3' and reverse, 
5'‑CTGTGTGTCTCCACACTAAG‑3'; and GAPDH forward, 
5'‑GACCTGACCTGCCGTCTAG‑3' and reverse, 5'‑AGGAGT 
GGGTGTCGCTGT‑3'. The 2‑ΔΔCq method was used to quan‑
tify the relative expression levels of ANRIL (24). GAPDH was 
used as the loading control.

Cell Counting Kit 8 (CCK‑8) assay. The proliferative ability 
of BL  cells was analyzed using CCK‑8 reagent (Nanjing 
KeyGen Biotech. Co. Ltd.). Briefly, 3x103 cells per well were 
seeded in sterile 96‑well culture plates and transfected with 
ANRIL siRNAs or NC siRNA for 0, 24, 48, 72 or 96 h at 
37˚C as aforementioned. For rescue experiments, cells were 
transfected with ANRIL siRNAs or NC siRNA and treated 
with LY2109761 for 48 h as aforementioned. Following incu‑
bation, 10 µl CCK‑8 solution and 100 µl RPMI‑1640 complete 
medium were added to each well and incubated for 1 h at 37˚C. 
The optical density was measured at a wavelength of 450 nm 
using a microplate reader.

Cell  cycle distribution assay. The cell  cycle distribution 
was analyzed using a Cell Cycle and Apoptosis Analysis kit 
(Beyotime Institute of Biotechnology). Cells were collected by 
centrifugation at 310 x g for 5 min at room temperature, then 
fixed with cold 70% ethanol for 2 h at 4˚C. Fixed cells were 
collected by centrifugation at 310 x g for 5 min at 4˚C and 
resuspended in 500 µl staining buffer. Subsequently, cells were 
incubated with 25 µl propidium iodide (PI) and 10 µl RNase A 
in the dark for 30 min at 37˚C. The cell cycle analysis was 
subsequently conducted using a NovoCyte flow cytometer 
(ACEA Bioscience, Inc.; Agilent Technologies, Inc.). Cell cycle 
distribution was analyzed using NovoExpress software 
(version 1.2.5; ACEA Bioscience, Inc.; Agilent Technologies, 
Inc.). G1,S and G2 populations were quantified.

Flow cytometric analysis of apoptosis. Apoptotic cells were 
detected using an Annexin V‑FITC Apoptosis Detection kit 
(Beyotime Institute of Biotechnology). Briefly, cells were 
collected by centrifugation at 1,000 x g for 5 min at room 
temperature. Cells were stained with 5 µl Annexin V‑FITC 
and 10 µl PI and incubated at room temperature in the dark 
for 15 min. Subsequently, the apoptotic cells were imme‑
diately detected using a NovoCyte flow cytometer (ACEA 
Bioscience, Inc.; Agilent Technologies, Inc.) and analyzed 
using NovoExpress software (version 1.2.5; ACEA Bioscience, 
Inc.; Agilent Technologies, Inc.). The apoptotic rate of cells 
was calculated by adding the percentage of early apoptotic 
(Annexin V‑positive and PI‑negative) cells and late apoptotic 
(Annexin V‑positive and PI‑positive) cells.

Immunofluorescence staining. Cells were seeded (4x105 cells/well) 
into a sterile 6‑well plate at 37˚C for 24 h. Subsequently, cells 
were transfected with ANRIL siRNA or NC siRNA as afore‑
mentiond. At 48 h post‑transfection, cells were fixed with 
10% neutral formalin for 15‑20 min at room temperature and 
then permeabilized with 0.1% Triton X‑100. Subsequently, 
the slides were blocked with undiluted goat serum (Beijing 
Solarbio Science & Technology Co., Ltd.) at room temperature 
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for 15 min and incubated with anti‑Ki67 primary antibody 
(ProteinTech Group, Inc.; cat. no. 27309‑1‑AP; 1:50) at 4˚C 
overnight. Following the primary antibody incubation, the 
slides were incubated with a Cy3‑conjugated goat anti‑rabbit 
IgG  secondary antibody at room temperature for 1  h 
(Beyotime Institute of Biotechnology; cat. no. A0516; 1:200). 
The nuclei were counterstained with DAPI (Beyotime Institute 
of Biotechnology) at room temperature for 5 min. Stained cells 
were visualized using a fluorescent microscope (Olympus 
Corporation; magnification, x400).

Hoechst staining. A total of 4x105 cells per well were cultured 
in a sterile 6‑well plate in an incubator at 37˚C for 24 h and 
then transfected with ANRIL siRNA or NC siRNA as afore‑
mentioned. At 48 h post‑transfection, cells were stained using 
a Hoechst Staining kit (Beyotime Institute of Biotechnology), 
according to the manufacturer's protocols. Stained cells were 
visualized under a fluorescence microscope (magnifica‑
tion, x400).

Western blotting. Total protein was extracted from cells 
using high‑efficiency RIPA lysis buffer containing 1 mmol/l 
PMSF (Beijing Solarbio Science & Technology Co., Ltd.). 
Total protein was quantified using a BCA Protein Assay kit 
(Beijing Solarbio Science & Technology Co., Ltd.) and proteins 
(10 or 20 µg) were separated via 10 or 15% SDS‑PAGE. The 
separated proteins were subsequently transferred onto PVDF 
membranes (EMD Millipore) and blocked with 5% non‑fat milk 
at room temperature for 1 h. The membranes were then incu‑
bated with the following primary antibodies overnight at 4˚C: 
Anti‑cyclin D1 (Cell Signaling Technology, Inc.; cat. no. 2978; 
1:500), anti‑caspase‑3 (ABclonal, Inc.; cat.  no.  A19654; 
1:500), anti‑caspase‑9 (ABclonal, Inc.; cat.  no.  A0019; 
1:1,000), anti‑cyclin‑dependent kinase inhibitor  1A (p21; 
ProteinTech  Group, Inc.; cat.  no.  10355‑1‑AP; 1:1,000), 
anti‑E2F transcription factor 1 (E2F1; ProteinTech Group, Inc.; 
cat. no. 12171‑1‑AP; 1:1,000), anti‑Bcl‑2 (ProteinTech Group, 
Inc.; cat. no. 12789‑1‑AP; 1:500), anti‑Bax (ProteinTech Group, 
Inc.; cat. no. 50599‑2‑Ig; 1:500), anti‑TGF‑β1 (ProteinTech 
Group, Inc.; cat.  no.  21898‑1‑AP; 1:500), anti‑phosphor‑
ylated  (p)‑SMAD2/3 (Abcam; cat.  no.  ab63399; 1:500), 
anti‑SMAD2/3 (Affinity Biosciences; cat. no. AF6367; 1:500), 
anti‑p‑SMAD1 (Cell Signaling Technology, Inc.; cat. no. 9516; 
1:1,000), anti‑SMAD1 (ABclonal, Inc.; cat. no. A1101; 1:1,000), 
anti‑sphingosine‑1‑phosphate receptor 2 (S1PR2; ProteinTech 
Group, Inc.; cat. no. 21180‑1‑AP; 1:500) and anti‑GAPDH 
(ProteinTech Group, Inc.; cat.  no.  60004‑1‑Ig; 1:10,000). 
Following the primary antibody incubation, the membranes 
were incubated with an HRP‑conjugated goat anti‑rabbit IgG 
antibody (Beijing Solarbio Science & Technology Co., Ltd.; 
cat. no. SE134; 1:3,000) and HRP‑conjugated goat anti‑mouse 
IgG  secondary antibody (Beijing Solarbio Science & 
Technology Co., Ltd.; cat. no. SE131; 1:3,000) at 37˚C for 1 h. 
Protein bands were visualized using ECL Plus reagent (Beijing 
Solarbio Science & Technology Co., Ltd.). Densitometric 
analysis was performed using Gel‑Pro‑Analyzer software 
(version 4.0; Media Cybernetics, Inc.).

Statistical analysis. Each experiment was performed in trip‑
licate and data are presented as the mean ± SD. Statistical 

analysis was performed using GraphPad Prism software 
(version 8.0.3; GraphPad Software, Inc.) and statistical differ‑
ences between groups were analyzed using one‑way and 
two‑way ANOVAs followed by a Tukey's multiple compari‑
sons test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Expression levels of lncRNA ANRIL in BL cells. The relative 
expression levels of lncRNA ANRIL in Daudi, CA46, Raji 
and Farage cells were analyzed using RT‑qPCR. As shown in 
Fig. 1, the expression levels of ANRIL were notably higher in 
CA46 and Daudi cells compared with Raji and Farage cells. 
Therefore, Daudi and CA46 cells were selected for subsequent 
experiments.

Knockdown of lncRNA ANRIL inhibits the proliferation 
of BL cells. The effect of lncRNA ANRIL silencing on the 
proliferation of BL cells was investigated. ANRIL expression 
levels were significantly downregulated in Daudi (Fig. 2A) and 
CA46 (Fig. S1A) cells following the transfection with ANRIL 
siRNA‑1/2 compared with the NC siRNA group. The results 
of the CCK‑8 assay revealed that cell proliferation was signifi‑
cantly suppressed in the ANRIL siRNA‑1/2 groups compared 
with the NC siRNA group in both cell lines (Figs. 2B and S1B). 
The genetic knockdown of ANRIL also led to cell cycle arrest 
in the G1 phase in both cell lines (Figs. 2C and S1C). Following 
the transfection for 48 h, Ki67 expression levels (red fluores‑
cence) were analyzed using immunofluorescence staining 
(Figs. 2D and S1D). Ki67 expression levels were markedly 
downregulated in the ANRIL siRNA‑1/2 groups compared 
with the NC siRNA group in both cell lines. Subsequently, 
western blotting was used to analyze cyclin  D1, p21 and 
E2F1 expression levels in Daudi and CA46 cells. As shown 
in Figs. 2E and S1E, the protein expression levels of cyclin D1 
and E2F1 in the ANRIL siRNA‑1/2 groups were significantly 
downregulated, while the protein expression levels of p21 were 
significantly upregulated, compared with the NC siRNA group 
in both cell lines.

Figure 1. Relative expression levels of ANRIL in four types of BL cell line. 
The expression levels of lncRNA ANRIL in the BL cell lines, Daudi, CA46, 
Raji and Farage, were analyzed using reverse transcription‑quantitative PCR. 
*P<0.05. BL, Burkitt lymphoma; ANRIL, antisense non‑coding RNA in the 
INK4 locus.
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Knockdown of lncRNA ANRIL promotes the apoptosis of 
BL  cells. The effect of lncRNA ANRIL silencing on the 
apoptosis of BL cells was also investigated. Flow cytom‑
etry and Hoechst staining were used to detect the levels of 

apoptotic cells. As shown in Figs. 3A and S2A, the apoptotic 
rate of BL cells was significantly increased in the ANRIL 
siRNA‑1/2  groups compared with the NC  siRNA  group 
in both cell lines. The transfection with ANRIL siRNA‑1 

Figure 2. Effect of ANRIL knockdown on the proliferation and cell cycle distribution of Daudi cells. (A) Expression levels of long non‑coding RNA ANRIL 
were analyzed using reverse transcription‑quantitative PCR. (B) Cell viability of Daudi cells was determined using a Cell Counting Kit‑8. (C) Cell cycle 
distribution of Daudi cells was analyzed by flow cytometry. (D) Ki67 expression levels in Daudi cells were analyzed using immunofluorescence staining. 
(E) Cyclin D1, p21 and E2F1 protein expression levels in Daudi cells were analyzed using western blotting. *P<0.05. p21, cyclin‑dependent kinase inhibitor 1A; 
E2F1, E2F transcription factor 1; ANRIL, antisense non‑coding RNA in the INK4 locus; siRNA, small interfering RNA; NC, negative control; OD, optical 
density.
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also markedly increased the number of Hoechst‑positive 
cells (Figs. 3B and S2B). In addition, the expression levels 
of apoptosis‑related proteins were analyzed using western 
blotting. The results revealed that the knockdown of ANRIL 
significantly downregulated Bcl‑2 expression levels, while 
upregulating Bax, cleaved‑caspase‑3/pro‑caspase‑3 and 
cleaved‑caspase‑9/pro‑caspase‑9 protein expression levels, in 
both cell lines compared with the NC siRNA group (Figs. 3C 
and S2C).

Knockdown of lncRNA ANRIL activates TGF‑β1 signaling 
in BL cells. The mechanism of action of the lncRNA ANRIL 
in BL  cells was further investigated. The protein expres‑
sion levels of TGF‑β1 signaling‑related proteins, including 
TGF‑β1, p‑SMAD2/3, p‑SMAD1 and S1PR2, were analyzed 
using western blotting. The results revealed that TGF‑β1, 
p‑SMAD2/3/SMAD2/3, p‑SMAD1/SMAD1 and S1PR2 

expression levels were significantly upregulated in Daudi 
(Fig. 4) and CA46 (Fig. S3) cells following the transfection 
with ANRIL siRNA‑1/2 compared with NC siRNA, indicating 
that ANRIL may regulate the TGF‑β1 signaling pathway in 
BL cells.

Inhibiting TGF‑β1 signaling can reverse the lncRNA ANRIL 
silencing‑induced anti‑proliferative and pro‑apoptotic 
effects on BL cells. As aforementioned, ANRIL siRNA‑1 
and siRNA‑2 triggered a significant effect on BL cell prolif‑
eration, apoptosis and TGF‑β1 signaling, thus one of two 
siRNAs was selected for the rescue experiments. To investi‑
gate whether the lncRNA ANRIL affected the proliferation 
and apoptosis of BL  cells through the TGF‑β1 signaling 
pathway, the TGF‑β receptor inhibitor LY2109761 was used 
to treat cells prior to and after the transfection with ANRIL 
siRNA‑1. The results revealed that cell viability at 48 h was 

Figure 3. Effect of ANRIL knockdown on the apoptosis of Daudi cells. Apoptotic rate of Daudi cells was detected by (A) flow cytometry and (B) Hoechst 
staining. (C) Bcl‑2, Bax, cleaved‑caspase‑3/pro‑caspase‑3 and cleaved‑caspase‑9/pro‑caspase‑9 protein expression levels in Daudi cells were analyzed using 
western blotting. *P<0.05. ANRIL, antisense non‑coding RNA in the INK4 locus; siRNA, small interfering RNA; NC, negative control; PI, propidium iodide.
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significantly increased and cell apoptosis was inhibited in the 
ANRIL siRNA+LY2109761 group compared with the ANRIL 
siRNA group in both cell lines (Figs. 5A‑C and S4A‑C). The 

western blotting results revealed that LY2109761 partially 
reversed the ANRIL knockdown‑induced downregulation of 
cyclin D1 expression levels, and ANRIL knockdown‑induced 

Figure 4. Effect of ANRIL knockdown on TGF‑β1 signaling in Daudi cells. TGF‑β1, p‑SMAD2/3/SMAD2/3, p‑SMAD1/SMAD1 and S1PR2 protein expres‑
sion levels in Daudi cells were analyzed using western blotting. *P<0.05. p‑, phosphorylated; S1PR2, sphingosine‑1‑phosphate receptor 2; ANRIL, antisense 
non‑coding RNA in the INK4 locus; siRNA, small interfering RNA; NC, negative control.

Figure 5. ANRIL knockdown affects the proliferation and apoptosis of Daudi cells by inhibiting TGF‑β1 signaling. (A) Cell viability of Daudi cells was 
measured using a Cell Counting Kit‑8. (B) Apoptotic rate of Daudi cells was analyzed using flow cytometry. (C) Quantification of data presented in part (B). 
(D) Cyclin D1, p21, cleaved‑caspase‑3/pro‑caspase‑3 and cleaved‑caspase‑9/pro‑caspase‑9 expression levels in Daudi cells were detected with western blotting. 
*P<0.05. p21, cyclin‑dependent kinase inhibitor 1A; ANRIL, antisense non‑coding RNA in the INK4 locus; siRNA, small interfering RNA; NC, negative 
control; OD, optical density; PI, propidium iodide.
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upregulation of p21, cleaved‑caspase‑3/pro‑caspase‑3 and 
cleaved‑caspase‑9/pro‑caspase‑9 expression levels in Daudi 
and CA46 cells (Figs. 5D and S4D). These findings indicated 
that the lncRNA ANRIL knockdown‑induced anti‑prolifera‑
tive and pro‑apoptotic effects on BL cells may be mediated via 
the TGF‑β1 signaling pathway.

Discussion

lncRNAs have been reported to be involved in the angiogen‑
esis, proliferation and metastasis of numerous types of cancer. 
Due to the different origins of each type of cancer and the 
microenvironments surrounding tumor cells, the mechanisms 
of each lncRNA are different (25,26). The expression levels of 
lncRNA ANRIL were discovered to be upregulated in a range 
of cancer types, including breast (27), lung (13), gastric (18) and 
esophageal squamous cancer (22). However, to the best of our 
knowledge, the expression levels and function of ANRIL in 
BL remains unknown. The present study aimed to determine 
the effect of the knockdown of ANRIL on the proliferation 
and apoptosis of BL cells and the TGF‑β1 signaling pathway.

Aberrant cell proliferation and apoptosis occurs in the devel‑
opment of the majority of types of cancer (28). Four BL cell 
lines, Daudi, CA46, Raji and Farage, were used in the present 
study. Due to higher expression levels of lncRNA ANRIL in 
Daudi and CA46 cells, the cell lines Daudi and CA46 were 
selected for further study. The present results revealed that the 
genetic silencing of lncRNA ANRIL inhibited cell prolifera‑
tion and enhanced cell apoptosis, as evidenced by decreased 
cell viability and downregulated Ki67 expression levels, and 
increased levels of apoptotic cells and Hoechst‑positive cells; 
these findings are consistent with those reported in laryngeal 
squamous cell (29) and hepatocellular carcinoma (30). The 
cell cycle is a fundamental process for cell life that serves 
an essential role in the accurate regulation of the survival, 
reproduction, development and inheritance of an organism. 
Cell cycle regulation is achieved through cyclins (31). The 
present study illustrated that the proportion of cells in the 
G1 phase was increased and the proportion of cells in the 
S phase was reduced following the transfection with ANRIL 
siRNA. Furthermore, the changes in the expression levels of 
important cell cycle‑related proteins in BL cells were also 
analyzed. It was observed that the protein expression levels 
of cyclin D1 and E2F1 were downregulated, while p21 protein 
expression levels were upregulated, following the transfection 
with ANRIL siRNA. Based on the aforementioned findings, 
the knockdown of lncRNA ANRIL was suggested to induce 
cell cycle arrest in the G1 phase.

The promotion of cell apoptosis is an effective method to 
prevent the development of numerous types of cancer. The Bcl‑2 
and caspase families are closely associated with cell apoptosis 
in cancer (32). The Bcl‑2 and Bax proteins are two members 
of the Bcl‑2 family that are closely related to cell apoptosis. 
The Bcl‑2 protein was discovered to inhibit cell apoptosis by 
preventing the early stages of cytoplasmic programmed cell 
death (33). The Bax protein forms a dimer with the Bcl‑2 protein 
to abolish the function of the Bcl‑2 protein, which subsequently 
regulates cell apoptosis (34). Caspase‑3 and caspase‑9 are key 
components of the caspase family, which are of vital impor‑
tance in the occurrence and development of cancer (35,36). 

Caspase‑3 cleaves itself into an active state when caspase‑9 
signals are activated, which then cleaves DNA and leads to cell 
apoptosis (37). Therefore, Bcl‑2, Bax, cleaved‑caspase‑3 and 
cleaved‑caspase‑9 are critical in regulating apoptotic signaling 
pathways (38). The findings of the present study discovered 
that the protein expression levels of Bcl‑2 were significantly 
downregulated, while Bax, cleaved‑caspase‑3/pro‑caspase‑3 
and cleaved‑caspase‑9/pro‑caspase‑9 expression levels were 
upregulated in lncRNA ANRIL knockdown cells, indicating 
that ANRIL silencing may activate apoptotic signaling.

TGF‑β has been demonstrated to regulate proliferation, 
differentiation, angiogenesis and other functions in multiple 
types of cell, including cancer cells, epithelial cells and 
fibrosblasts (39). TGF‑β was discovered to function as a tumor 
suppressor during the early stages of tumor development (40). 
Among the three TGF‑β isoforms, TGF‑β1 was found to be 
frequently upregulated in hepatocellular carcinoma, esopha‑
geal squamous cell carcinoma and thyroid cancer (41‑43). The 
downstream signaling of TGF‑β is initiated through the binding 
to its receptors, including type I TGF‑β receptor and type II 
TGF‑β receptor (44). The activated TGF‑β receptor can initiate 
SMAD signaling by phosphorylation of SMAD2, SMAD3 and 
SMAD1 (45,46). Zhao et al (43) reported that lncRNA ANRIL 
promoted cell invasion and metastasis in thyroid cancer by 
inhibiting TGF‑β/SMAD signaling. In the present study, the 
genetic knockdown of ANRIL significantly activated TGF‑β 
signaling in BL cells, as evidenced by upregulated TGF‑β1, 
p‑SMAD2/3/SMAD2/3, p‑SMAD1/SMAD1 and S1PR2 
expression levels. TGF‑β signaling has been reported to act 
as a proliferation inhibitor and apoptosis inducer in BL cell 
lines (47,48). Hence, it was hypothesized that the knockdown 
of ANRIL may exert an anti‑proliferative and pro‑apoptotic 
effect in BL  cells through the activation of the TGF‑β 
signaling. Subsequently, the effect of ANRIL inhibition on the 
proliferation and apoptosis of BL cells was investigated in the 
presence of the TGF‑β receptor inhibitor LY2109761. It was 
observed that cell proliferation was increased, while cell apop‑
tosis was decreased in the ANRIL siRNA+LY2109761 group 
compared with the ANRIL siRNA group. Meanwhile, the 
expression levels of cyclin D1 were upregulated, while the 
expression levels of p21, cleaved‑caspase‑3/pro‑caspase‑3 and 
cleaved‑caspase‑9/pro‑caspase‑9 were downregulated in the 
ANRIL siRNA+LY2109761 group compared with the ANRIL 
siRNA  group. These findings indicated that the TGF‑β1 
signaling pathway may serve an important role in the anti‑BL 
effect elicited by the genetic knockdown of ANRIL.

lncRNA ANRIL has been reported to affect multiple 
signaling pathways, including the NF‑κB, ATM‑E2F1 and 
AdipoR1/AMPK/SIRT1 signaling pathways  (49‑51). The 
present study only investigated whether lncRNA ANRIL 
served an important role in BL by modulating TGF‑β 
signaling, which is a limitation of the present study. In subse‑
quent experiments, RNA‑Seq will be performed for cells from 
each group to investigate the involvement of other significant 
signaling pathways.

In conclusion, the results of the present study indicated 
that the genetic silencing of the lncRNA ANRIL may inhibit 
cell proliferation and promote cell apoptosis in BL through 
the activation of the TGF‑β1 signaling pathway. These data 
provided a potential novel strategy to treat BL.
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