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Abstract. This study aimed to explore B-cell lymphoma cells' proliferation and apoptosis under
targeted regulation of FOXO3 by miR-155. We analyzed the differences between B-cell ymphoma
cells and B lymphocytes in expressions of miR-155 and FOXO3, explored the effects of miR-155
on proliferation and apoptosis of B-cell lymphoma cells, and relevant mechanisms, and also
analyzed the relationship between expressions of miR-155 and FOXO3 in 42 patients with diffuse
large B-cell lymphoma (DLBCL) and clinical characteristics of them. B-cell lymphoma cells
showed a higher expression of miR-155 and a low expression of FOXO3 than B lymphocytes (both
P<0.05). B-cell lymphoma cells transfected with miR-155-inhibitor showed significantly decreased
expression of miR-155, significantly weakened cell proliferation ability, and increased cell
apoptosis rate (all P<0.05), and they also showed upregulated expression of FOXO3 (P<0.05).
Dual-luciferase reporter assay revealed that there were targeted binding sites between miR-155
and FOXO03. Compared with B-cell lymphoma cells transfected with miR-155-inhibitor alone,
those with co-transfection showed lower expression of FOXO3, higher proliferation and lower cell
apoptosis rate (all P<0.05). The expression of miR-155 in DLBCL tissues was higher than that in
tumor-adjacent tissues (P<0.05), and the expressions of miR-155 and FOXO3 were closely related
to the international prognostic index (IPI) and the S-year prognosis and survival of the patients
(P<0.05). miR-155 can promote the proliferation of B-cell lymphoma cells and suppress apoptosis
of them by targeted inhibition of FOCXO3, and both over-expression of miR-155 and low
expression of FOXO3 are related to poor prognosis of DLBCL patients.
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Introduction. B-cell lymphoma is a lymphoma from B
cells, including Hodgkin's lymphoma and non-
Hodgkin's lymphoma.! Non-Hodgkin's lymphoma
accounts for about 3/4 of all B-cell lymphomas, and the

most common non-Hodgkin's lymphoma is diffuse large
B-cell lymphoma (DLBCL), which accounts for about
30%-40% of non-Hodgkin's lymphoma and shows an
incidence increasing at a rate of 3% per year.>* Although
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therapeutic regimens for DLBCL have made significant
progress, DLBCL patients' prognosis is still not
optimistic. For example, chemotherapy regimens based
on anthracycline are only effective for 40%-50% of
DLBC patients,* so it is of great clinical significance to
find a new therapeutic target.

miRNAs are a short-chain non-coding RNA with a
length of about 20-24 nucleotides, which can inhibit the
stability and translation of mRNA and thus regulate
proteins' expressions. miRNAs are abnormally
expressed in nearly 400 human diseases, and it is of
great significance to study the mechanism of miRNAs
in the diagnosis and treatment of diseases.>® miR-155 is
located in the exon 3 (21g21.3) of the B-cell integration
cluster on human chromosome 21. In recent years,
studies have reported that miR-155 is closely related to
the occurrence and development of DLBCL. For
example, a study by Zhang et al. found that miR-155
may affect the metastasis of DLBCL and prognosis of
patients by regulating transcription factor forkhead box
P3,” and a study by Huang et al. also found that miR-155
promoted the growth of DLBCL cells by activating
PI3K-AKT pathway through inhibiting endogenous
PIK3R1.® Forkhead-box class O transcription factor
(FOXO) is an important tumor suppressor, which can
inhibit tumor cell cycle progression and induce
programmed death of tumor cells.” FOXO3 is an
essential member of the FOXO family, able to regulate
the proliferation of immune cells such as B lymphocytes
and T lymphocytes.!® Immune response disorder is an
important factor inducting DLBCL,'! but there are few
studies on FOXO3 in DLBCL. A study by Huang et al.
pointed out that miR-155 could target FOXO3 to
suppress apoptosis of monocytes,'? and Ling et al. also
pointed out that miR-155 could target FOXO3 to
regulate proliferation and invasion of gliomas'* and that
may be another mechanism of miR-155 in DLBCL. This
study explored B lymphocytes' proliferation and
apoptosis under targeted regulation of FOXO3 by miR-
155 to find a new therapeutic target for DLBCL.

Materials and Methods.

Cell culture. Human B-cell lymphoma cells DOHH2
and OCI-LY10 (BNCC338032 and BNCC337742) and
human B lymphocyte AHH-1 (ATCC No. CRL-8146)
were purchased from BeNa Culture Collection and
ATCC core collection, respectively. AHH-1 was
collected from the peripheral blood of a 33 years old
human of Caucasian ethnicity. DOHH2 was cultured in
90% high-sugar Dulbecco's modified eagle medium
(DMEM) containing 4mmL of glutamine and sodium
pyruvate and 10% fetal bovine serum (FBS), and AHH-
land OCI-LY10 were cultured in 90% Roswell Park
Memorial Institute-1640 (RPMI-1640) containing 10%
FBS. The cells were all cultured under 95% air + 5%
carbon dioxide at 37°C. The purchased cells were used
after 2-3 times of passage. Cells at the logarithmic

growth phase were collected and lysed with TRIzol
lysate, and then the total RNA was extracted from the
cells with chloroform, isopropanol, and ethanol in order.
The purity, concentration, and integrity of the total RNA
were determined using ultraviolet spectrophotometry
and agarose gel electrophoresis. It was required that the
ratio of these factors at 28s to these factors at 18s was
larger than or equal to 2, and the ratio of A260/A280 was
between 1.8 and 2.1.

Source of patients sample. The patients' inclusion
criteria were as follows: Patients confirmed based on
histopathology, patients without other lymph node
diseases, and patients with detailed case data and follow-
up data. The researchers followed the Declaration of
Helsinki. The patients' exclusion criteria were as
follows: patients with other tumors or history of tumors;
patients with severe diseases in heart, brain, liver,
kidney or vessel, or with a severe infection such as
sepsis, pregnant women, or patients with cardiovascular
diseases or hepatorenal diseases. This study was
approved by the Ethics Committee of The First
Affiliated Hospital of Fujian Medical University, and
the patients and their families signed an informed
consent form based on our consultation by telephone or
letter. Tumor tissues and normal tumor-adjacent tissues
were collected from the tissues of 42 DLBCL patients
(30-80 years old) stored from March 2010 to May 2014.
Total RNA was extracted using Qiazol reagent and

RNAeasy Mini Kit (Qiagen, Hombrechtikon,
Switzerland) according to the manufacturer's
instructions. Total RNA, 250 ng, was reverse

transcribed, and the same RNA samples were used for
gPCR, as described in the following section. For western
blot, proteins from biopsy tissue were extracted using
the RIPA lysis method. The total proteins' concentration
was determined using the BCA method and adjusted to

4ug/ul.

Main reagents and instruments. Lipofectamine TM2000
transfection kit (Invitrogen Company, United States,
item number: 35050); TRIzol kit (Invitrogen Company,
United States, item number: 15596018); EasyScript
One-Step RT-PCR SuperMix kit (Beijing TransGen
Biotech, China, item number: AE411-02); RIPA Kkit,
bicinchoninic acid (BCA) protein kit, and
electrochemiluminescence ~ (ECL) kit  (Thermo
Scientific™, item numbers: 89901, 23250, and 35055);
rabbit anti-FOXO3 polyclonal antibody and goat anti-
rabbit immunoglobulin G (IgG) secondary antibody
(monoclonal antibody) (Abcam Company, United States,
item numbers: ab58518 and ab6721); cell counting kit-
8 (CCKJ) kit (Beijing Beyotime Biotechnology, China,
item number: C0037); Annexin V-FITC/PI apoptosis
determination kit (Invitrogen Company, United States,
item number: V35113).
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Construction of expression vectors and transfection. All
expression vectors were designed by Thermo Fisher
Scientific (China), and the expression vectors included
FOXO3 low expression vector (si-FOXO3), the miR-
155 low expression vector (miR-155-inhibitor), miR-
155 over-expression vector (miR-155-mimic), blank
vector miR-NC, blank vector si-NC, pMiR-miR-155-
3UTR wild type (Wt), pMiR- miR-155-3UTR Mutant
type (Mut) and blank vector pMiR-NC. Cells at the
logarithmic growth phase were collected, digested with
trypsin, and then resuspended. Subsequently, the cells
were seeded into a 96-well plate and transfected with
expression vectors when the fusion degree was up to
about 80%. The specific operation steps were carried out
by referring to the instructions of the kit. The cells were
cultured in an incubator with 5% CO; at 37°C for 48h,
and the culture medium was replaced every 6h.
Quantitative real-time polymerase chain reaction (qQRT-
PCR) and Western blot assay were employed to analyze
the transfection results. Cells that did not receive any
intervention were taken as a blank group.

gRT-PCR. This study carried out one-step RNA
amplification in a total of 20l of total reaction volume
containing 1pg of RNA Template, 0.4ul of Forward
GSP (10uM), 0.4pul of Reverse GSP (10uM), 10ul of
2*0One-Step Reaction Mix, 0.4ul of EasyScript One-
Step Enzyme Mix, and RNase-free water to adjust the
volume. The reaction conditions were as follows: 40°C
for 30 min, 94°C for 5 min, 94°C for 30 s, 60°C for 30 s,
72°C at 2kb/min, 72°C for 10 min, a total of 42 cycles.
In order to normalize the target and target gene
expression, U6 was used as an internal reference gene
control. The data collected was analyzed as per 2-
AACtmethod and expressed as folds over experimental
control groups. These experiments were performed in
three biological replicates. The primer sequences are
shown in Table 1.

Table 1. Primer sequences.

FW 5-TTAATGCTAATC-GTGATAG-3'
RW 5'-ACCTGAGAGTAGACCAGA-3'
FW 5'-GCGCGTCGTGAAGCGTTC-3'
RW 5'-GTGCAGGGTCCGAGGT-3'

miR-155

U6

Western blot. The total protein concentration in each
sample was determined using the BCA method and
normalized to 4pg/uL. The total protein was separated
through 12% polyacrylamide gel electrophoresis. The
initial voltage was 90V, and then the voltage was
increased to 120V to move the sample to an appropriate
position of the separation gel. After electrophoresis, the
protein was transferred to a membrane under 100V
constant voltage for 100min and blocked at 37°C for 60
min. Subsequently, the membrane was blocked with 5%
skim milk powder for future immune response. The

(1:1000) at 4°C for one night, then washed with warm
PBS three times, Smin each time. After washing, the
membrane was incubated with secondary antibody (1:
1000) at room temperature for one h. After incubation,
the protein was developed and fixed with an ECL agent.
The expression of the U6 gene was used as an internal
reference control. The scanned protein band was
analyzed using Quantity One software, and the relative
protein expression level = the gray value of the
band/gray value reference.

Cell proliferation detection by CCK-8 assay. Cells at the
logarithmic growth phase were collected, digested with
trypsin, and resuspended. A total of 100uL of cells were
seeded into a 96-well plate after the concentration was
adjusted to 2*10%ml. The cells were added with 200uL
of CCK8 mixed solution (10: 1) at 24h, 48h, 72h, and
96h after culturing, and after the 4-time points, the cells
were cultured for 3h again, and then the optical density
(OD) of each well at 450nm was determined.

Cell apoptosis determination. The cells were digested
with 0.25% trypsin. After digestion, the cells were
washed with PBS two times, then added with 100uL of
binding buffer to prepare 1*10° cells /mL suspension.
The suspension was added with AnnexinV-FITC and PI
in order, incubated at room temperature for Smin in the
dark, and finally detected using the CytoFLE S flow
cytometer system. The experiment was repeated three
times, and the average value was taken.

Dual-luciferase reporter assay. Human embryonic
kidney cell 293T (BeNa Culture Collection,
BNCC100530) were cultured to the logarithmic growth
phase and then transfected with pmirGLO-FOXO3-
3'UTR wild type (Wt), pmirGLO-FOXO3-3'UTR
mutant type (Mut), miR-155-mimic, and miR-NC. At
48h after transfection, the cells' fluorescence intensity
was determined using the dual-luciferase determination
system (CytoFLEX flow cytometer). The sequences
were designed by Thermo Fisher Scientific (China).

Statistical analysis. SPSS 19.0 (Asia Analytics
Formerly SPSS China) was adopted in this study.
Measurement data were expressed by mean =+ standard
deviation (mean + sd), and comparison between groups
was analyzed using the independent-samples T-test.
Receiver operating characteristic (ROC) curves were
adopted for diagnostic value evaluation. Pearson
correlation analysis was adopted to analyze correlation.
P<0.05 indicated a significant difference. Separate
biological replicates trails were conducted thrice, and
the experimental data is showcased here as average and
standard deviation.

: . X : Results.
membrane was incubated with primary antibody Expressions of miR-155 and FOXO3 in B-cell
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Figure 1. A. Expressions of miR-155 and FOXO3 in B-cell lymphoma cell lines. Expression of miR-155 in B-cell lymphoma cell lines and
Expression of FOXO3 in B-cell lymphoma cell lines. (Results are average of three biological replicates for each sample) * indicates P<0.05.
B. Expressions of miR-155 and FOXO3 in Tumor tissues (n=42) and normal tumor-adjacent tissues (n=42). Expression of miR-155 in
B-cell lymphoma cell lines. And expression of FOXO3 in B-cell lymphoma cell lines. (* indicates P<0.05; Results are average of three
biological replicates for each sample).
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Figure 2. Effects of inhibiting miR-155 on proliferation and apoptosis of B-cell lymphoma cells. A. Results about transfection of miR-
155-inhibitor into DOHH2 cells. B. Results about transfection of miR-155-inhibitor into OCI-LY 10 cells. C. Effects of transfection of miR-
155-inhibitor on proliferation ability of DOHH?2 cells. D. Effects of transfection of miR-155-inhibitor on proliferation ability of OCI-LY10
cells. E. Effects of transfection of miR-155-inhibitor on apoptosis of B-cell lymphoma. (*indicates P<0.05; Results are average of three
biological replicates).

lymphoma cell lines. The qQRT-PCR assay revealed that
the expression of miR-155 in DOHH2 and OCI-LY10
cells was higher than that in AHH-1cells (P<0.05), while
the expression of FOXO3 in DOHH2 and OCI-LY10
cells was lower than that in AHH-Icells (P<0.05)

(Figure 1a). In Tumor tissues and normal tumor-
adjacent tissues samples of patients showed similar
trends for the expression of miR-155 and FOXO3
(Figure 1b)
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Effects of inhibiting miR-155 on proliferation and
apoptosis of B-cell lymphoma cells. DOHH2 and OCI-
LY10 cells transfected with miR-155-inhibitor showed
significantly decreased expression of miR-155 (Figure
2a and 2b), significantly decreased cell proliferation
ability (Figure 2¢ and 2d), and increased cell apoptosis
rate (Figure 2e) (all P<0.05).

Effects of inhibiting miR-155 on expression of FOXO3
in B-cell lymphoma cells. In western blot results,
DOHH2 and OCI-LY10 cells transfected with miR-155-
inhibitor showed increased expression of FOXO3
(Figure 3a) (P<0.05). Relative expression of miR-155
was more in miR-155-mimic, while FOXO3 was
comparable in both (Figure 3b). The conclusion of
predication by TargetScanHuman 7.2 indicated that
there were targeted binding sites between miR-155 and
FOXO3. Dual-luciferase reporter assay revealed that
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after transfection with miR-155-mimic, the fluorescence
intensity of cells in the pmirGLO-FOXO03-3'UTR Wt
group was significantly lower than that in cells in the
pmirGLO-FOXO03-3'UTR Mut (P<0.05). (Figure 3c)

Effects of inhibiting FOXO3 on tumor-promoting action
of miR-155. DOHH2 and OCI-LY 10 cells co-transfected
with miR-155-inhibitor + si-FOXO3 were not different
from those transfected with miR-155-inhibitor alone
(P>0.05) (Figure 4a), but showed significantly lower
expression of FOXO3 than those transfected with miR-
155-inhibitor alone (P<0.05) (Figure 4b). In addition,
DOHH2 and OCI-LY10 cells co-transfected with miR-
155-inhibitor + si-FOXO3 showed stronger cell
proliferation ability (Figure 4¢ and d) and lower cell
apoptosis rate than those transfected with miR-155-
inhibitor alone (both P<0.05) (Figure 4f).
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Figure 3. Effects of inhibiting miR-155 on the expression of FOXO3 in B-cell lymphoma cells. A. Changes in the expression of FOXO3
in B-cell lymphoma cells after transfection with miR-155-inhibitor. B. Changes in the expressions of miR-155 and FOXO3 in B-cell lymphoma
cells after transfection with miR-155-mimic. C. Sequence of FOXO03-3'-UTR mutant and dual luciferase reporter assay result. (*indicates

P<0.05; Results are average of three biological replicates).

www.mjhid.org Mediterr ] Hematol Infect Dis 2020; 12; €2020073

Pag.5/9


http://www.mjhid.org/

1A5 B mooHH2 C
-1 W DOHH2 OCI-LY10
u OCLLYD 2.5 . * @ 1.571 -« Cotransfection group
20 — % < miR-155-mimic
w 1.0 ' o
e © I
z 2 1.5 T 1.0
E 0.5 8 1.0 8
. . 5
0.5 E] 0.5
=0
0.0 =
& L 0.0 [a]
RS )
& o & o OQQ ,Q_o‘ R ,§_o‘ o
& & o & & F &N 0.0
S O o & & S '
& & & 8 FUP g 24 48 72 96
@ & & & N & N
& & & & & ¢ & & Hour
P ® c}{b & 6‘5’0‘ &
< ¥
D E W DOHH2
40, ™ OCHY10
0 1.57 + cotransfection group —— ——
@ - miR-155-inhibitor ]
Q ® 30
= @
Z1.0 g20
: a
o <10
°
[+
305 0
> N & R
a &S
o o & o7&
T F S
0.0 F & &
24 48 72 96 S &f¢
& € @ &
Hour ® °

Figure 4. Effects of inhibiting FOXO3 on tumor-promoting action of miR-155 A. Effects of co-transfection with miR-155-inhibitor + si-
FOXO3 on expression of miR-155 in B-cell lymphoma. B. Effects of co-transfection with miR-155-inhibitor + si-FOXO3 on expression of
FOXO3 in B-cell lymphoma. C. Effects of the co-transfection on proliferation ability of DOHH2 cells. D. Effects of the co-transfection on
proliferation ability of OCI-LY 10 cells. E. Effects of the co-transfection on apoptosis of B-cell lymphoma. (*indicates P<0.05; Results are

average of three biological replicates).

Correlation of miR-155 and FOXO3 with
clinicopathological features of DLBCL patients.
DLBCL tissues also showed increased expression of
miR-155 and decreased expression of FOXO3 (both
P<0.05). Analysis of the correlation of miR-155 and
FOXO3 with clinicopathological features of DLBCL
patients revealed that miR-155 and FOXO3 were closely
related to the international prognostic index (IPI) score
and 5-year prognosis and survival of the patients
(P<0.05). ROC analysis revealed that the area-under-
the-curve (AUC) of miR-155 for evaluating IPI score
and 5-year prognosis and survival of DLBCL patients
was 0.710 and 0.824, respectively, and the AUC of
FOXO3 for them was 0.786 and 0.768, respectively.
(Table 2 and Figure 5)

Discussion. MiR-155 plays a role in various
physiological and pathological processes.®’ Exogenous
molecular control in vivo of miR-155 expression may
inhibit malignant growth®!! viral infections,'”? and
enhance the progression of cardiovascular diseases.'
MiR-155 is a microRNA that, in humans, is encoded by
the MIR155 host gene or MIR155HG. The MIR155HG
was initially identified as a transcriptionally activated
gene by promoter insertion; its RNA transcript does not
contain a long open reading frame (ORF); however, it

does include an imperfectly base-paired stem-loop that
is conserved across species.”® Once miR-155 pri-
miRNA is transcribed, this transcript is cleaved by the
nuclear microprocessor complex, of which the core
components are the RNase III type endonuclease Drosha
and the DiGeorge critical region 8 (DGCRS8) protein, to
produce a 65-nucleotide stem-loop precursor miRNA
(pre-mir-155).!%!7 The 23-nucleotide single-stranded
miR-155, which is harbored in exon 3, is subsequently
processed from the parent RNA molecule.'* Very few
studies have investigated the expression levels of miR-
155-3p, Landgraf et al. established that expression levels
of this miRNA were very low in hematopoietic cells.
Additionally, PCR analyses found that while miR-155-
3p was detectable in many human tissues, the expression
levels of this miRNA were 20-200 fold less compared
to miR-155-5p levels.”** In previous studies, many
scholars had reported on the correlation of miR-155,
FOXO3 with tumors as follows: The expression of miR-
155 was upregulated in tumors and played a role in
promoting cancer,'*!> while the expression of FOXO3
was down-regulated, and could inhibit the occurrence
and development of tumors.'®!” Recent studies have
indicated that miR-155 and FOXO families are related
to B-cell lymphoma's occurrence and diffusion.'®!
However, the role of FOXO3 in B-cell lymphoma is still
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Table 2. Correlation of miR-155 and FOXO3 with clinicopathological features of DLBCL patients.

n miR-155 t P FOXO03 t P
Tissues 8.822 <0.001 17.843 <0.001
Tumor 42 2.298+0.677 0.699+0.104
Tumor-adjacent tissues 42 1.31740.246 1.728+0.357
Sex 1.720  0.093 0.041 0.968
Male 19 2.491+0.782 0.705+0.110
Female 23 2.139+0.544 0.706+.097
Age 0.938 0.354 0.732 0.469
< 60 years old 22 2.39240.700 0.717£0.111
> 60 years old 20 2.19540.653 0.693+0.092
Hans typing 1.759 0.086
GCB 20 2.29140.621 0.068 0.946 0.734+0.084
Non-GCB 22 2.305+0.739 0.680+0.111
Disease site 0.547 0.587 0.621 0.538
Within lymph node 30 2.335+0.703 0.699+0.101
Outside lymph node 12 2.207+0.627 0.721+0.106
Ann Arbor staging 1.025 0.312 0.167 0.868
I-1IT 13 2.458+0.796 0.709+0.111
I-1v 29 2.226+0.619 0.704+0.099
Tumor size 1.295 0.203 0.677 0.502
<10cm 29 2.388+0.727 0.71340.091
>10cm 13 2.09840.520 0.690+0.124
IPI score 2.180 0.035 3.669 0.001
<2 27 2.136+0.630 0.743+.081
>2 15 2.59140.681 0.638+0.102
5-year prognosis 3.601 0.001 2.346 0.024
Survival 11 1.742+0.473 0.764+0.095
Death 31 2.495+0.632 0.685+0.097
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Figure 5. Correlation of miR-155 and FOXO3 with clinicopathological features of DLBCL patients. A. Relationship between miR-155
and IPI score. B. Relationship between FOXO3 and IPI score. C. Abilities of miR-155 and FOXO3 in evaluating IPI score of DLBCL patients.
D. Relationship between miR-155 and 5-year prognosis and survival. E. Relationship between FOXO3 and 5-year prognosis and survival. F.
Abilities of miR-155 and FOXO3 in evaluating the 5-year prognosis and survival of DLBCL patients. (*indicates P<0.05; Results are average
of three biological replicates).
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under investigation, and whether there was a regulatory
relationship between miR-155, FOXO3, and B-cell
lymphoma is also under investigation.

This study analyzed the roles of miR-155 and
FOXO3 in two B-cell lymphoma cell lines, compared
with normal B lymphocytes; B-cell lymphoma cells
showed significantly increased expression of miR-155,
which was consistent with previous studies, showing
tumor-promoting effects on B-cell lymphoma.?’ In our
study, we also found that inhibiting the expression of
miR-155 in B-cell lymphoma cells led to significantly
decreased proliferation ability and increased apoptosis
rate of B-cell lymphoma cells, and it also led to
decreased expression of FOXO3 in them. However, we
also found that inhibiting the expression of miR-155 led
to increased expression of FOXO3 in B-cell lymphoma
cells. It indicated that FOXO3 might play a similar role
in B-cell lymphoma as FOXO3 in breast cancer and
pancreatic cancer by inhibiting tumor development.?*?!
In order to verify this hypothesis, we co-transfected
inhibition vectors of miR-155 and FOXO3 into B-cell
lymphoma cells, finding the following situations: B-cell
lymphoma cells co-transfected with inhibition vectors
were not different from those transfected with inhibition
vector of miR-155 alone in the expression of miR-155,
but showed lower expression of FOXO3 than those
transfected with inhibition vector of miR-155 alone. In
addition, B-cell lymphoma cells co-transfected with
inhibition vectors showed higher cell proliferation
ability and lower cell apoptosis rate than those
transfected with miR-155-inhibitor. It suggested that
FOXO3 could suppress the tumor-promoting action of
miR-155 in B-cell lymphoma cells. Dual-luciferase
reporter assay revealed that there were targeted binding
sites between miR-155 and FOXO3. Based on the above
results, we preliminarily verified that miR-155
promoted B-cell lymphoma cells' proliferation ability
and inhibited apoptosis by targeted inhibition of
FOCXOs3.

In recent years, some studies have also pointed out
that miR-155 plays a regulatory role in tumors by
targeting FOXO3. For example, a study by Kim et al.
reported that miR-155 suppressed glucose uptaking and
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