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Abstract: Introduction: Burkitt’s lymphoma (BL) is a rare and highly aggressive B cell non-Hodgkin lymphoma. High
toxicity of chemotherapy for BL treatment causes morbidity and mortality. Many miRNAs have been used as bio-
markers for early detection or therapy targets for tumors. However, the roles of miR-21 and miR-155 in Burkitt's
lymphoma remain unclear. Methods: We collected 15 blood samples from patients with Burkitt's lymphoma and
evaluated the expression of miR-21 and miR-155. Then, we knocked down miR-21 and miR-155 expression in
Burkitt's lymphoma cell lines and assessed cell proliferation, cell cycle, and apoptosis. Furthermore, we detected
the activation of PI3K/AKT pathway by qPCR and western blot. Finally, we predicted the target genes of miR-21 and
miR-155 by publicly available databases. Results: The expression of miR-21 and miR-155 in blood samples from
patients with Burkitt's lymphoma were significantly upregulated. Knockdown of miR-21 and miR-155 significantly
suppressed cell proliferation, and resulted in S phase arrest and cell apoptosis. The knockdown of miR-21 and miR-
155 inhibited the activation of the PI3K/AKT pathway. We found that the target genes of miR-21 and miR-155 were
C1RL and TCAP. Conclusion: miR-21 and miR-155 promote the progression of Burkitt’s lymphoma through PI3K/
AKT signaling by targeting C1RL and TCAP. Our findings will provide a novel biomarker and therapeutic strategies
for Burkitt’s lymphoma.

Keywords: miR-21, miR-155, Burkitt's lymphoma, PI3SK/AKT, C1RL, TCAP

Introduction differentiation, proliferation, cell cycle, apopto-

sis, inflammation, and metabolism [6-8]. Dys-

Burkitt’s lymphoma (BL) is a rare and highly
aggressive B cell non-Hodgkin lymphoma (NHL)
originating from germinal center B cells [1]. In
malaria-endemic areas, BL is the most frequ-
ent childhood cancer and the fastest growing
human tumor [2]. Currently, the most common
therapeutic strategy for BL is chemotherapy.
However, the high toxicity of chemotherapy
causes morbidity and mortality [3]. Therefore, it
is urgent to find novel potential approaches for
treatment of BL.

MicroRNAs are 21-23 nucleotide long, non-cod-
ing RNAs that regulate gene expression post-
transcriptionally by degradation of its mRNA
and suppression of expression of its target
genes [4, 5]. They are involved in various physi-
ologic and pathologic processes, such as cell

regulation of miRNA expression result in many
kinds of cancer [9, 10]. Thus, many miRNAs
have been used as biomarkers for early detec-
tion or therapy targets for tumors [11].

MicroRNA-21 (miR-21) has been demonstrated
to regulate cardiac hypertrophy, cardiac fibro-
sis, and cardiac muscle contractility [12, 13]. It
has also been implicated in cell proliferation,
division, and apoptosis. For example, miR-21
was overexpressed in gastric cancer, glioma,
cervical cancer, and non-small cell lung cancer
and can enhance cell proliferation, invasion
and migration [14-16]. Inhibition of miR-21
resulted in arrest in the G1 phase and in-
creased apoptosis rate in esophageal cancer
[17]. MiR-155 is primarily upregulated in acti-
vated B cells and T cells and in the inflamma-
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tion of monocytes and macrophages [18-20].
It regulates the development and function of
immune cells [21, 22]. Its dysregulation is also
related to cancers [18]. MiR-155 is overex-
pressed in colorectal cancer and can promote
cell proliferation and invasion [23, 24]. Expre-
ssion of miR-155 is elevated in hepatocellular
carcinoma, and miR-155 can promote cell cycle
arrest, cell proliferation and inhibit apoptosis
[25]. miR-155 was also reported to suppress
epithelial mesenchymal transition, cell prolifer-
ation, invasion and migration in human Caski
cervical cancer cells [26]. In gastric cancer,
decreasing the expression of miR-155-5p is
associated with advanced tumor grade and
metastasis [27].

In hematopoietic malignancy, the first microR-
NAs identified were miR15 and miR16-1, which
were associated with the pathogenesis of B
cell chronic lymphocytic leukemia [28]. Many
other miRNAs were also reported in the patho-
genesis of the most frequent forms of lympho-
ma, such as miR15, miR17HG, miR-21, miR-
155, miR34A, and miR125B (28, 29) [29]. MiR-
21 and miR-155 expression were significantly
higher in NK-cell ymphoma [30]. Serum miR-21
and miR-155 were significantly elevated in
patients with B-lymphoma and associated with
advanced disease stage [31, 32]. MiR-155
expression was significantly higher in chronic
lymphocytic leukemia, acute myeloid leukemia,
and Waldenstrom’s macroglobulinemia [33].
However, the roles of miR-21 and miR-155 in
Burkitt's lymphoma remain unclear.

The present study investigated the expression
of miR-21 and miR-155 in Burkitt’s lymphoma
tissues and cell lines. Furthermore, the roles
and mechanisms in cell proliferation, cell cycle,
and apoptosis after knockdown of miR-21 and
miR-155 were examined. Finally, their target
genes were predicted and evaluated. We found
that miR-21 and miR-155 promote the progres-
sion of Burkitt’'s lymphoma through PI3K/AKT
signaling by targeting C1RL and TCAP. Thus, our
findings will provide novel therapeutic strate-
gies for Burkitt's lymphoma.

Materials and methods
Cell culture

Daudi, Raji and U-937 cell lines were obtained
from Cell Bank of Chinese Academy of Sciences
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(Shanghai, China). Cells were cultured in RPMI-
1640 medium supplemented with 10% fetal
bovine serum, 100 U/mL penicillin and 100
mg/mL streptomycin in a 5.0% CO, incubator
at 37°C.

SiRNA transfection

Raji cells were seeded into 96-well plates at a
density of 5x10%/mL cells, and then transfect-
ed with miR-21 inhibitor, miR-155 inhibitor or
negative control through Lipofectamine 2,000
according to the manufacturer’'s instruction.
After 48 hours, cells were used for further
experiments.

Patient samples

Peripheral blood mononuclear cells (PBMCs)
were isolated from lymphoma patients or he-
althy donors by density centrifugation, respec-
tively. The expression of miR-21 and miR-155
were analyzed by gqPCR. Ethical protocols for
using lymphoma patient samples were app-
roved by the committee of Qingdao Hiser
Hospital Affiliated to Qingdao University.

Quantitative real-time polymerase chain reac-
tion (qPCR)

Total RNA was extracted from PBMCs and cell
lines by using a RNA extraction kit, and then
reverse-transcribed into cDNA by RevertAid
First Strand cDNA Synthesis Kit according
to the manufacturer’s instruction (Thermo,
Shanghai, China). gPCR was used to access
the mRNA level of corresponding genes. The
expression of actin was used as a control. The
284t method was used to calculate the relative
MRNA levels of the indicated genes. All primers
were as follows: MiR-21 RT: 5’-GTCGTATCCAG-
TGCAGGGTCCGAGGTATTCGCACTGGATACGACT-
CAACA-3’; MiR-21 forward: 5-CCAtagcttatcag-
actga-3’; MiR-21 reverse: 5-GCAGGGTCCGAG-
GTATTC-3’; MiR-155- RT: 5-GTCGTATCCAGTGC-
AGGGTCCGAGGTATTCGCACTGGATACGACAAC
CCC-3’; MiR-155 forward: 5-ATTaaTgcTaaTcg-
TgaTag-3’; miR-155 reverse: 5-GCAGGGTCCGA-
GGTATTC-3’; PTEN forward: 5’-ACCCACCACAGC-
TAGAACTT-3’; PTEN reverse: 5-GGGAATAGTT-
ACTCCCTTTTTGTC-3’; PI3K forward: 5-GCAGT-
TTTGGAAGCAGTCACA-3’; PI3K reverse: 5-ATT-
CAGTTCAATTGCAGAAGGAG-3’; AKT forward:
5-TGCATCCTGGTCCTGTCTTCC-3’; AKT reverse:
5-CCTAAGCCCCTGGTGACAGAT-3’; SHIP-1 for-
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ward: 5-GTCCTGGTTTCTCTCCAAGGG-3’; SHIP-
1 reverse: 5-ACGATGCGGATGTTCCAGAG-3’;
mTOR forward: 5-CTTAGAGGACAGCGGGGAAG-
3’; mTOR reverse: 5-TGGTTTCCTCATTCCGGC-
TC-3’; actin forward: 5’-CTCGCTTCGGCAGCACA-
3’; actin reverse: 5-AACGCTTCACGAATTTGC
GT-3..

Cell proliferation assay

The MTT assay and CCK-8 assay were per-
formed to examine the effect of miR-21 and
miR-155 on the cell proliferation of Raji cells.
Raji cells at a density of 5x10%/mL cells were
seeded into 96-well plates, and then transfect-
ed with miR-21 inhibitor, miR-155 inhibitor, or
negative control for 48 hours. At various time
points (O h, 24 h, 48 h, 72 h, 96 h), 10 yL MTT
solution or 10 yL CCK-8 solution was added
into Raji cells for another 4 hours. Then, the
absorbance in each well was measured at 490
nm using a microplate reader.

BrdU incorporation

Raji cells were transfected with miR-21 inhibi-
tor, miR-155 inhibitor, or negative control for 24
hours. BrdU was added into the culture me-
dium in the dark for another 24 hours. Then,
cells were incubated with anti-BrdU and the
secondary antibody for 1 hour, respectively.
Flow cytometry was accessed to detect the cell
growth of Raji cells.

Cell cycle analysis

Flow cytometry was performed to explore the
effect of miR-21 and miR-155 on the cell cycle
of Raji cells. After transfection with miR-21
inhibitor, miR-155 inhibitor or negative control
for 48 hours, Raji cells were collected, washed
and then fixed with 70% ethanol overnight at
4°C. Raji cells were washed again and incubat-
ed with 2 pL RNAse for 30 min at room tem-
perature. Then, 5 pL Pl Staining Solution was
added for another 30 min in the dark at room
temperature. Flow cytometry was performed to
analyze the cell cycle change and data were
analyzed using the Flowjo software.

Cell apoptosis assay

Cell apoptosis assay was performed by Annexin
V-FITC/PI apoptosis detection kit according to
the manufacturer’s instruction. After transfect-
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ed with miR-21 inhibitor, miR-155 inhibitor or
negative control for 48 hours, cells were col-
lected and incubated with 5 pL Annexin V-FITC
and 10 pL PI Staining Solution in the dark for
15 min at room temperature. Then, flow cytom-
etry was performed to analyze the cell apopto-
sis rate and data were analyzed using the
Flowjo software.

Western blot

RIPA lysis buffer (Beyotime, Shanghai, China)
was used to lyse Raji cells transfected with
miR-21 inhibitor, miR-155 inhibitor, or negative
control. Then, protein extracts were obtained
and protein concentration was measured by
using a bicinchonininc acid (BCA, Beyotime,
Shanghai, China) assay. SDS-PAGE was used
to separate the protein extracts, then the pro-
tein extracts were transferred to a polyvinyli-
dene fluoride (PVDF) membrane. The PVDF
membranes were blocked with 5.0% non-fat
milk (BD, San Jose, CA, USA) for 1 hour at room
temperature and incubated with antibodies
against PTEN, PI3K, AKT, mTOR, SHIP-1, C1RL,
TCAP and Actin at 4°C overnight. Then, the
membranes were incubated with secondary
antibodies for 1 hour at room temperature.
Actin was used as a loading control. The blots
were visualized using enhanced chemilumines-
cence (Millipore, Massachusetts, USA).

Statistical analysis

All statistical analyses were performed with
SPSS 18.0 (SPSS, Chicago, USA). Data were
represented as mean + standard deviation
based on at least three repeats. Group differ-
ence was assessed using Student’s t-test.
Association was identified by Pearson correla-
tion analysis. P<0.05 was considered signif-
icant.

Results

MiR-21 and miR-155 were upregulated in
Burkitt’s lymphoma blood samples and cell
lines

To evaluate the potential roles of miR-21 and
miR-155 in Burkitt's lymphoma, we first quanti-
fied the expression of miR-21 and miR-155 in
15 blood samples of patients with Burkitt's
lymphoma at the mRNA level. Comparing with
healthy volunteers, miR-21, and miR-155 were
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Figure 1. MiR-21 and miR-155 were upregulated in Burkitt's lymphoma blood samples and cell lines. A. Relative
expression levels of miR-21 and miR-155 in blood samples of lymphoma patients (n=15) and healthy donors (n=15)
was assessed by qPCR. Data are presented as mean * SD of fold change. B. Relative expression levels of miR-21,
miR-155 in Raji and U-937 lymphoma cell lines. Data are representative of three independent experiments and are
shown as the mean + SD. (**P<0.01, ***P<0.001, Student’s t-test).

overexpressed in each blood samples, up to 6
fold and 11 fold respectively (P<0.05, Figure
1A).

Furthermore, we detected the expression of
miR-21 and miR-155 in two lymphoma cell
lines. The results showed that miR-21-5p and
miR-155-5p were highly expressed in Burkitt's
lymphoma cell Raji, in comparison to human
histiocytic lymphoma cells U937 (P<0.05, Fi-
gure 1B). Taken together, our results demon-
strated that miR-21 and miR-155 are upregu-
lated in Burkitt’s lymphoma blood samples and
cell lines.

Knockdown of miR-21 and miR-155 suppress
cell proliferation

To investigate the biologic functions of miR-21
and miR-155 in the development of Burkitt’s
lymphoma, we knocked down miR-21 and miR-
155 in Raji cells. The results showed that
expression of miR-21 and miR-155 were signifi-
cantly inhibited (P<0.05, Figure 2A). Then, cell
proliferation was assessed by MTT and BrdU
incorporation assay. BrdU positive cells were
dramatically reduced after transfection with
miR-21 and miR-155 inhibitor (P<0.05, Figure
2B). Similarly, after transfection with miR-21
and miR-155 inhibitor for 48 h, 72 h, and 96 h,
cell proliferation was significantly suppressed
(P<0.05, Figure 2C). Overall, these data indi-
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cate that knockdown of miR-21 and miR-155
suppress cell proliferation.

Knockdown of miR-21 and miR-155 induced S
phase cell cycle arrest

We further explored the contribution of miR-21
and miR-155 to the cell cycle. MiR-21 and miR-
155 were inhibited in Raji cells and cell cycle
assay was performed. Compared with control
group, Raji cells were significantly arrested at S
phase after treatment with miR-21 and miR-
155 inhibitor (P<0.05, Figure 3A and 3B).

Knockdown of miR-21 and miR-155 promoted
cell apoptosis

To further exploit the role of miR-21 and miR-
155 in cell apoptosis, Annexin V/PI staining
was performed. The results showed that kn-
ockdown of miR-21 and miR-155 promoted
cell apoptosis (Figure 4A and 4B). Taken to-
gether, these results indicate that miR-21 and
miR-155 promote progression of Burkitt's lym-
phoma.

MiR-21 and miR-155 promoted Burkitt’s lym-
phoma via PISK/AKT signaling pathway

It was reported that miR-21 accelerates hepa-
tocyte proliferation through the PI3K/AKT/
mTOR pathway by targeting PTEN [34, 35].
Thus, we detected the expression of PTEN,

Int J Clin Exp Pathol 2020;13(1):89-98
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Figure 2. Knockdown of miR-21 and miR-155 suppress cell proliferation. A. Raji cells were transfected with miR-
21 inhibitor, miR-155 inhibitor, or negative control (NC) for 48 hours. The expression of miR-21 and miR-155 were
measured by qPCR, wh normalized to human actin (n=3). B. Raji cells were transfected with miR-21 inhibitor, miR-
155 inhibitor or negative control (NC) for 24 hours. Then, BrdU was added and incubated for another 24 hours. Cell
proliferation was analyzed by flow cytometry. C. Raji cells were transfected with miR-21 inhibitor, miR-155 inhibitor,
or negative control (NC) for 48 hours. Then, the CCK-8 assay (right) was performed to examine cell proliferation at
various time points (O h, 24 h, 48 h, 72 h, 96 h). Results are shown as absorbance at 490 nm. Data are representa-
tive of three independent experiments and shown as the mean + SD. (**P<0.01, ***P<0.001, Student’s t-test).

PI3K and AKT in Raiji cells after treatment with
miR-21 inhibitor. The expression of PTEN, PI3K
and AKT were significantly decreased after the
knockdown of miR-21 at the mRNA level and
protein level (Figure 5A left and Figure 5B left).

MiR-155 involved in oxLDLinduced autophagy
by PI3BK/AKT/mTOR pathway [36]. Triptolide
inhibited Fibril-induced microglial activation by
the miR-155-5p/SHIP1 Pathway pathway [37].
We next detected the expression of SHIP-1,
PI3K, AKT and mTOR after treatment with miR-
155 inhibitor. The expression of SHIP-1, PI3K,
AKT and mTOR were significantly decreased
after knockdown of miR-155 at mRNA level and
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protein level (Figure 5A right and Figure 5B
right). These data illustrate that miR-21 and
miR-155 acted through the PI3K/AKT signaling
pathway in Burkitt’s lymphoma.

C1RL and TCAP are the targets of miR-21 and
miR-155

In order to clarify the mechanisms of miR-21
and miR-155 in the progression of Burkitt's
lymphoma, we used publicly available databas-
es TargetScan 6.2 and miRanda to search the
target genes of miR-21 and miR-155 in Raji
cells. Among them, the 3’-UTR of C1RL and
TCAP were conserved for miR-21 and miR-155

Int J Clin Exp Pathol 2020;13(1):89-98
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miR21 miR155 miR-155 significantly inhibited

the cell growth, resulted in S
phase arrest and cell apopto-
sis in Burkitt's lymphoma cells.
Furthermore, knockdown of
miR-21 and miR-155 signifi-
cantly suppressed the expres-
sion of PI3K and AKT at mRNA
and protein levels. In addition,
C1RL and TCAP are the target
genes of miR-21 and miR-155
according to publicly available
databases and knockdown ex-
periments.

Uncontrolled proliferation of
cancer cells is a hallmarker of
cancer [38]. Previous studies
reported that miR-21 and miR-
155 were overexpressed and
enhanced cell growth in vari-
ous cancers, such as gastric
cancer, glioma, cervical can-
cer, and non-small cell lung
cancer [14-16, 23, 24]. In this
study, we found that miR-21
and miR-155 were overexpre-
ssed in the blood samples of
Burkitt’s lymphoma, and relat-
ed to proliferation of Burkitt's
lymphoma cell Raji.

The PIBK/AKT pathway is kn-

Figure 5. miR-21 and miR-155 promoted Burkitt’s lymphoma via PI3K/AKT own for promoting cell growth

signaling pathway. A. gPCR was performed to measure the mRNA levels of
PTEN, PI3K, AKT, and mTOR in Raji cells transfected with miR-21 inhibitor

and inhibiting apoptosis in mo-

or miR-155 inhibitor for 48 hours. B. Western blot was used to detect the st hematologic cancers includ-
protein levels of PTEN, PI3K, AKT, and mTOR in Raiji cells transfected with ing diffuse large B cell lympho-
miR-21 inhibitor or miR-155 inhibitor for 48 hours. Actin was used as a con- ma, mantle cell lymphoma and
trol. Data are representative of three independent experiments and shown T-acute lymphoblastic leuke-

as the mean % SD. (*P<0.05, **P<0.01, Student’s t-test).

binding. To verify the role of miR-21 and miR-
155 in CARL and TCAP, we detected the expres-
sion of C1RL and TCAP after treatment with
miR-21 and miR-155 inhibitor. We found that
expression of C1RL and TCAP proteins were
significantly decreased after the knockdown of
miR-21 and miR-155 (Figure 6).

Discussion

In this study, we found that miR-21 and miR-
155 were overexpressed in blood samples of
Burkitt’s lymphoma. Knockdown of miR-21 and
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mia [39-41]. MiR-21 acceler-

ates hepatocyte proliferation
via PI3K/AKT/mTOR pathway by targeting PTEN
[34, 35], and miR-155 involved in oxLDLin-
duced autophagy by PIBK/AKT/mTOR pathway
[36]. Our results showed that miR-21 and miR-
155 promote the progression of Burkitt’s lym-
phoma by the PTEN/PI3K/AKT and SHIP-1/
PIBK/AKT/mTOR signaling pathways, respec-
tively.

Tumor progression is a complex process in-
cluding cell growth, migration, invasion, metas-
tasis, colony formation, and adhesion [42, 43].
Although we here report that miR-21 and miR-

Int J Clin Exp Pathol 2020;13(1):89-98
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Figure 6. C1RL and TCAP are targets of miR-21 and
miR-155. The protein levels of CARL and TCAP was
further detected by western blot in Raji cells trans-
fected with miR-21 inhibitor or miR-155 inhibitor for
48 hours. Actin was used as a control. Data are rep-
resentative of three independent experiments.

155 promote the progress of Burkitt's lympho-
ma, their relationship to survival of patients
with this disease, their roles in cell migration,
invasion, metastasis, colony formation, and ad-
hesion, and the mechanisms of action in the
progress of Burkitt’s lymphoma still need to be
further investigated. In addition, we only pre-
dicted the target genes of miR-21 and miR-
155, but the roles of CARL and TCAP in the pro-
gression of Burkitt’'s lymphoma and their inter-
action are still unknown.

Taken together, miR-21 and miR-155 promote
the progression of Burkitt’'s lymphoma by PI3K/
AKT signaling by targeting C1RL and TCAP, and
they could be novel candidate genes to diag-
nose patients with Burkitt's lymphoma.
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