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Abstract

BACKGROUND: This study aims to explore the potential mechanism of action of the newly discovered hsa_-

circ_0128899 (circSPEF2) in diffuse large B-cell lymphoma (DLBCL).

METHODS: circSPEF2, miR-16-5p and BTB and CNC homologue 2 (BACH2) expression patterns in DLBCL patients

and cell lines were studied by RT-qPCR. The biological function of circSPEF2 in vitro and in vivo was investigated by

function acquisition experiments. The proliferation activity of lymphoma cells was detected by MTT. Bax, Caspase-3, and

Bcl-2 were determined by Western Blot. Apoptosis and the ratio of CD4 to Treg of immune cells in the co-culture system

were analyzed by flow cytometry. The mechanism of action of circSPEF2 in DLBCL progression was further investigated

by RIP and dual luciferase reporter experiments.

RESULTS: circSPEF2 was a circRNA with abnormally down-regulated expression in DLBCL. Increasing circSPEF2

expression inhibited the proliferative activity and induced apoptosis of lymphoma cells in vitro and in vivo, as well as

increased CD4?T cells and decreased Treg cell proportion of immune cells in the tumor microenvironment. Mechanically,

circSPEF2 was bound to miR-16-5p expression, while BACH2 was targeted by miR-16-5p. circSPEF2 overexpression-

mediated effects on lymphoma progression were reversible by upregulating miR-16-5p or downregulating BACH2.

CONCLUSIONS: circSPEF2 can influence DLBCL progression by managing cellular proliferation and apoptosis and the

proportion of immune cells Treg and CD4 through the miR-16-5p/BACH2 axis.
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1 Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most

common type of lymphoma, accounting for about 30–40%

of non-Hodgkin B-cell lymphoma [1]. DLBCL is a very

aggressive malignancy, and its high heterogeneity and high

rate of progression lead to unsatisfactory efficacy [2].

Therefore, it is urgent to find new targets and strategies to

treat DLBCL and improve patients’ life quality.

Immune escape refers to the phenomenon that tumor

cells promote their own growth and metastasis by avoiding

the recognition and attack of the immune system through

various mechanisms, which is an important strategy for

cancer proliferation, survival and development [3, 4]. The

microenvironment of DLBCL has been reported to contain

a large number of T cells, B cells, dendritic cells, and many

cytokines [5]. Regulatory T cells are the most effective

inhibitors of effector T cells and other immune cells, and

have been accepted to inhibit the immune response of T

cells to foreign and autoantigens [6]. In patients with

lymphoma, the antitumor immune response may be
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primarily mediated by T cells, which can induce apoptosis

of cancer cells by killing their target cells through death

receptor signaling or granulosa-dependent pathways [7, 8].

However, Tregs show immunosuppressive ability against T

cells as well as B cells, monocytes, and dendritic cells

[9–11]. Thus, the unbalanced proportion of immune cells in

the tumor microenvironment (TME) is key to impaired

tumor defense, which is closely related to lymphoma

progression.

circRNA is a closed-loop ncRNA, mainly located in the

cytoplasm, with high abundance, stability and characteris-

tics associated with cancer progression, and is an ideal

target for tumor diagnosis and treatment [12, 13]. circRNA

has been increasingly recognized as a key regulatory factor

in the pathological process of lymphoma [14–16]. Zhao

et al. conducted circRNA high-throughput sequencing in

DLBCL patients infected with EBV, and found that hsa_-

circ_012889 was abnormally downregulated [17]. hsa_-

circ_012889 is a SPEF2 gene derived from chromosome 5,

with a length of 557 nt and named circSPEF2. However, no

studies have reported the biological function of circSPEF2.

circRNAs can influence tumor progression through

spongy miRNA or by regulating its target genes as a cancer

promotion or tumor suppressor, respectively [18, 19].

miRNAs can regulate the expression of target genes at the

post-transcriptional level, thus acting significantly in the

process of cell differentiation, proliferation and apoptosis

[20, 21]. Studies have confirmed that misexpressed miRNA

is a key mechanism for the progression of DLBCL [22, 23].

It is worth noting that miR-16-5p has been proven to affect

the malignant progression of a variety of tumors, such as

osteosarcoma, breast cancer and non-small cell lung cancer

[24–26]. However, miR-16-5p has been rarely studied in

DLBCL.

BTB and CNC homologue 2 (BACH2) is a member of

BTB-basic leucine zipper transcription factor family and is

located on human chromosome 6 (6q15) [27]. BACH2, as a

B-cell specific transcription factor, can regulate the shift-

like recombination and somatic hypermutation of

immunoglobulin genes. Previous studies have confirmed

that BACH2 is highly expressed in T cells and B cells and

is closely related to immune homeostasis [28–30].

This study explored the expression pattern of cir-

cSPEF2/miR-16-5p/BACH2 axis in DLBCL and defined

their functions in DLBCL as well as related mechanisms in

the immune response in the TME.

2 Materials and methods

2.1 Patients

The study was approved by the Medical Ethics Committee

of Huazhong University of Science and Technology Tongji

Medical College Affiliated Union Hospital (Approval

number: C2016TJ1117). Dilated lymph node samples were

harvested from 45 patients pathologically diagnosed with

DLBCL, and corresponding tissue samples from 21 healthy

donors were considered controls. Samples were collected

before any anti-lymphoma therapy. Exclusion criteria:

patients with other malignancies, autoimmune diseases and

HIV/AIDS. Informed consent has been obtained for this

study, and patient characteristics are listed in Table 1.

2.2 Cell culture

Human B lymphoma cell lines (SU-DHL-4 and U2932)

and human normal lymphoblastic cell line (GM12878)

were purchased from the BeNa culture bank (Suzhou,

China). RPMI-1640 medium containing 10% fetal bovine

serum (Gibco, Grand Island, NY, USA) and 1% penicillin/

streptomycin (Invitrogen & Life Technologies, Carlsbad,

CA, USA) was taken as the culture medium. The incuba-

tion conditions were set at 37 �C and 5% CO2.

2.3 Cell transfection

oe-circSPEF2, miR-16-5p mimic, si-BACH2, and sh-

BACH2, and their corresponding controls (Vector, mimic

Table 1 Primers

Genes Sequences (50–30)

circSPEF2 Forward: AAAGCCAGCTTAGGAAATGCC

Reverse: TCTTGCTTGTGATCCGGACG

miR-16-5p Forward: CGGTAGCAGCACGTAAATA

Reverse: GCAGGGTCCGAGGTATTC

BACH2 Forward: TCCACTGCACCAACATCCTC

Reverse: CTGTGACCTCCTCAGGCAAG

U6 Forward: CTCGCTTCGGCAGCACA

Reverse: AACGCTTCACGAATTTGCGT

GAPDH Forward: CACCCACTCCTCCACCTTTG

Reverse: CCACCACCCTGTTGCTGTAG

circSPEF2, circular RNA SPEF2; miR-16-5p, microRNA-16-5p;

BACH2, BTB and CNC homology 1 basic leucine zipper transcrip-

tion factor 2; GAPDH, glyceraldehyde-3-phosphatedehydrogenase
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NC, si-NC and sh-NC) were designed and synthesized from

Genepharma (Shanghai, China), respectively. Moreover,

the packaging and purification of sh-BACH2 lentivirus

were completed by Genepharma. Detailed transfection

procedures complied with Lipofectamine 3000 (Invitrogen)

instructions. In short, SU-DHL-4 cells (3 9 105) were

placed into a 6-well plate and replaced with a new medium

at 6 h post-transfection, and cells were collected at 48 h

post-transfection.

2.4 RNAse R assay

Total RNA from SU-DHL-4 was extracted, and 5 lg RNA

was co-incubated with 2 U/g RNAse R (Epicentre Tech-

nologies, Chicago, IL, USA) at 37 �C for 30 min. Subse-

quently, the stability of circSPEF2 and circSPEF2 mRNA

was detected by RT-qPCR.

2.5 Actinomycin D test

SU-DHL-4 cells (4 9 105) were treated with 2 lg/ml

actinomycin D (MCE, HY-17559) and labeled at 0, 4, 8,

12, and 24 h. circSPEF2 and SPEF2 mRNA levels were

analyzed by RT-qPCR.

2.6 Nucleo-plasmic separation

Nucleo-plasmic separation was performed using the

PARISTM kit (Life technologies, Carlsbad, CA, USA). SU-

DHL-4 cells (1 9 106) were collected in the separation

buffer, the nucleus and cytoplasm were separated by cen-

trifugation, and total RNA was extracted respectively,

followed by RT-qPCR to detect gene expression. U6 and

GAPDH are the internal references of the nucleus and

cytoplasm, respectively.

2.7 RT-qPCR

Total RNA was extracted from lymphoma tissues and cells

using TRIzol� reagent (Invitrogen). The total RNA con-

centration and quality were measured by NanoDrop2000.

To produce cDNA, reverse transcription was implemented

using a cDNA synthesis kit (Thermo Fisher, Waltham,

MA, USA). Then, RT-qPCR detection was conducted

using SYBR Green Universal Master Mix reagent (Roche,

Basel, Switzerland) or TaqMan microRNA assays (Thermo

Fisher) for miRNA. The relative gene expression was

calculated by 2-DDCt. The primer sequence is shown in

Table 1.

Fig. 1 Downregulated

expression of circSPEF2 in

DLBCL. A, B RT-qPCR

checked circSPEF2 in DLBCL

patients and controls and

in vitro cell lines; C circSPEF2

structure diagram; D, E RNAse

R and actinomycin D

experiments verified the

circSPEF2 ring structure; F The

expression position of

circSPEF2 in SU-DHL4 cells.

Data were expressed as

mean ± SD (N = 3). p\ 0.05
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2.8 Cell viability

SU-DHL-4 cells were inoculated in 96-well Petri dishes

(5 9 103 cells/well) and mixed with 0% MTT solution

(Guduo Biotechnology, Shanghai, China) at 48 h post-

transfection. After 4 h, the supernatant was taken to incu-

bate with 100 lL dimethyl sulfoxide (Sigma, Deisenhofen,

Germany) for 10 min. Cell viability was measured at

490 nm with a microplate reader (Thermo Fisher).

2.9 Cell apoptosis

SU-DHL 4 cells were double-labeled with Annexin V

FITC and PI solutions (Annexin V-FITC/PI Apoptosis

Fig. 2 circSPEF2 inhibits lymphoma cell proliferation and enhances

the immune response. After transfection of oe-circSPEF2 in SU-

DHL4 cells, A RT-qPCR checked circSPEF2 expression; B MTT

assay analyzed the viability of SU-DHL4 cells; C Western blot

measured apoptosis-related proteins; D Flow cytometry determined

the apoptosis rate of SU-DHL4 cells in the co-culture system; E–
G Flow cytometry detected the proportion of CD4.? and Treg cells in

the co-culture system. Data were expressed as mean ± SD (N = 3).

p\ 0.05
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detection kit, Solarbio, Beijing, China, CA1020). Apopto-

sis rate was determined by flow cytometry. Apoptotic cells

were Annexin V?/PI- and necrotic cells were Annexin V?/

PI?.

2.10 Co-culture experiment

Human peripheral blood mononuclear cells (PBMCs) were

isolated from peripheral blood of healthy volunteers and

treated with 10% FBS, supplemented with 300 U/mL IL-2,

human CD3 monoclonal antibody (10 lg/mL, 200 lL/
well) and human CD28 monoclonal antibody (10 lg/mL,

200 lL/well) in RPMI-1640 medium for 72 h. SU-DHL-4

cells and T lymphocytes were cultured for 48 h. After

staining with anti-CD3, anti-CD4, anti-CD25 and anti-

Foxp3 antibodies, the proportions of CD4?T cells and Treg

cells were analyzed by flow cytometry. CD3?CD4? were

CD4 ? T cells, and CD4?CD25?Foxp3? were Treg cells

[31]. All the antibodies were purchased from BD Corpo-

ration (Bedford, MA, USA).

2.11 Western blot

Precooled RIPA cell lysis solution (Beyotime, Shanghai,

China) was utilized to lysate the cells on ice for 30 min and

protein concentrations were determined using a BCA kit

(Pierce Biotechnology, Rockford, IL, USA). Protein sam-

ples were isolated on 10% SDS-PAGE and subsequently

transferred to PVDF membranes (Thermo Fisher). After

washing the membrane with TBST, it was blocked with 5%

BSA and treated with anti-BACH2 (ab83364, 1:1000),

anti-Bax (ab53154, 1:1,000), anti-Caspase-3 (Caspase-3,

1:1,000), anti-Bcl-2 (ab32124, 1:1,000) and GAPDH

(ab8245, 1:1000) overnight at 4 �C. Then, the membrane

was incubated with the corresponding secondary antibody

(1:500) at room temperature for 1 h. All antibodies were

purchased from Abcam (Cambridge, UK). Finally, the

images were developed using the enhanced chemilumi-

nescence kit (UltraSignal, Beijing, China).

2.12 RIP

RIP experiments were conducted using the Magna RIP kit

(Millipore, Burlington, MA, USA). Cells were lysed with

RIP lysis buffer solution, and the supernatant was mixed

with an appropriate amount of magnetic beads binding to

Ago2 or IgG antibody at 4 �C overnight. After elution, the

immunoprecipitates were conditioned to RNA extraction

for RT-qPCR analysis.

Fig. 3 miR-16-5p is targeted by

circSPEF2. A Map of potential

binding sites of circSPEF2 and

miR-16-5p; B Ago2 enrichment

level of circSPEF2 and miR-16-

5p in SU-DHL4 cells; C RT-

qPCR checked miR-16-5p;

D Dual luciferase reporter assay

verified the relationship

between circSPEF2 and miR-

16-5p; E After transfection of

oe-circSPEF2 into SU-DHL4

cells, RT-qPCR checked miR-

16-5p; F, G RT-qPCR checked

miR-16-5p in tissues of DLBCL

patients and cell lines. Data

were expressed as mean ± SD

(N = 3). p\ 0.05
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2.13 Dual luciferase reporter assay

In starbase3.0 database (https://starbase.sysu.edu.cn/), the

binding sites of miR-16-5p with circSPEF2 and BACH2

were predicted. The wild and mutant 3 ‘untranslated region

sequences of circSPEF2 and BACH2 were inserted into the

pmirGLO vector (Promega, Madison, WI, USA) to con-

struct WT-circSPEF2, MUT-circSPEF2, WT-BACH2 and

MUT-BACH2. The above plasmids and miR-16-5p mimic

or mimic NC were transfected into SU-DHL-4 cells using

Lipofectamine 3000 (Invitrogen). Luciferase activity was

then assessed 48 h later using a dual luciferase reporter

assay kit (Promega) and detected with Synergy 2 Mul-

tidetector Microplate Reader (BioTek Instruments Inc.,

Winooski, VT, USA).

2.14 Xenotransplantation in nude mice

All animal experiments were reviewed and approved by

Huazhong University of Science and Technology Tongji

Medical College Affiliated Union Hospital Animal Pro-

tection and Use Committee (Approval number:

C2016TJ1128). Twenty 8-week-old male BALB/C nude

mice (Shanghai Laboratory Animal Center of Chinese

Academy of Sciences, Shanghai, China) were randomly

divided into 4 groups: sh-NC ? vector, sh-NC ? oe-cir-

cSPEF2, sh-BACH2 ? vector, sh-BACH2 ? oe-cir-

cSPEF2. After anesthesia, 1 9 107 DLBCL cells

transfected with the corresponding plasmid and lentivirus

were injected subcutaneously into the right rib. The con-

dition of nude mice and tumor growth were monitored

daily, and tumor volume was recorded weekly for 4 weeks.

Lymphoma tissues were collected from each euthanized

mouse. The tumor volume was calculated as

0.5 9 Width2 9 Length.

2.15 Histological analysis

Lymphoma tissue was fixed with 4% paraformaldehyde for

4 h. After paraffin embedding, 5 lm thick sections were

obtained using a microtome (RM2235, Leica, Wetzlar,

Germany) and dried. For immunohistochemical staining,

dewaxed slices were incubated overnight at 4 �C with Ki-

67 antibody (1:100, Dako, Glostrup, Denmark) and incu-

bated with HRP conjugated secondary antibody (1:3000;

Dako) for 2 h. Finally, the slices were sealed with a

quencher (Invitrogen) containing DAPI, and imaging

analysis was performed using confocal microscopy.

TUNEL staining was conducted using the commercial kit

(Beyotime). Briefly, lymphoma tissue slices were incu-

bated with a 50 ll TUNEL reaction mixture (45 ll labeled
buffer and 5 ll TdT enzyme solution) at 37 �C for 60 min

in darkness, dyed with DAPI solution at room temperature

for 5 min, and imaged by fluorescence microscope

(Olympus, Tokyo, Japan) and ImageJ software,

respectively.

2.16 Data analysis

All data were analyzed and plotted using Graphpad 8.0.

The data were expressed as mean ± standard deviation

(SD). Student’s t-test evaluated differences between the

two groups, and one-way ANOVA evaluated those among

multiple comparisons. At least three times replicates were

required for each experiment. * p\ 0.05 indicated statis-

tical significance.

3 Results

3.1 circSPEF2 is decreased in DLBCL

circSPEF2 expression levels were checked in tissue sam-

ples from DLBCL patients, demonstrating a decreasing

trend compared with healthy controls (Fig. 1A). circSPEF2

expression in DLBCL cell lines (SU-DHL4 and U2932)

and GM12878 was also measured, and the results were

consistent with those previously reported (Fig. 1B). The

structure diagram of circSPEF2 is shown in Fig. 1C, which

is located on SPEF2 gene of chromosome 5, with a length

of about 557 bp. The stability of circSPEF2 was tested by

RNAse R and actinomycin D. The structure shows that

circSPEF2 presented resistance to the digestion of RNAse

R and had a longer half-life than linear RNA (Fig. 1D, E).

Meanwhile, circSPEF2 was mainly distributed in the

cytoplasm (Fig. 1F).

3.2 Induction of circSPEF2 obstructs lymphoma cell

proliferation and enhances immune response

To investigate the function of circSPEF2 in DLBCL, oe-

circSPEF2 was transfected into SU-DHL4 cells to interfere

with circSPEF2 expression. Figure 2A shows the increase

in circSPEF2 expression. Subsequently, MTT assay

bFig. 4 circSPEF2 inhibits the malignant progression of DLBCL

through miR-16-5p. After co-transfection of miR-16-5p mimic and

oe-circSPEF2 into SU-DHL4 cells, A RT-qPCR checked miR-16-5p

expression; B MTT assay analyzed the viability of SU-DHL4 cells;

C Western blot measured apoptosis-related proteins; D Flow cytom-

etry determined the apoptosis rate of SU-DHL4 cells in the co-culture

system; E–G Flow cytometry detected the proportion of CD4.? and

Treg cells in the co-culture system. Data were expressed as

mean ± SD (N = 3). p\ 0.05
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Fig. 5 BACH2 is mediated by miR-16-5p. A Map of potential

binding sites of miR-16-5p and BACH2; B Ago2 enrichment level of

miR-16-5p and BACH2 in SU-DHL4 cells; C Dual luciferase reporter

assay verified the relationship between miR-16-5p and BACH2; D,

E RT-qPCR and Western Blot measured miR-16-5p BACH2 after

interference with miR-16-5p; F, G RT-qPCR and Western Blot

measured BACH2 in tissues of DLBCL patients and cell lines. Data

were expressed as mean ± SD (N = 3). p\ 0.05
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analyzed the viability of lymphoma SU-DHL4 cells and

determined that elevating circSPEF2 obstructed the pro-

liferative activity of SU-DHL4 cells (Fig. 2B). Changes in

apoptosis-related proteins in SU-DHL4 cells were moni-

tored. The outcomes indicated that enhancing circSPEF2

effectively increased Bax and Caspase-3 and decreased

Bcl-2 protein expressions (Fig. 2C). At the same time,

circSPEF2-overexpressed SU-DHL4 cells were co-cultured

with activated T cells. Flow cytometry discovered that

circSPEF2 overexpression could effectively increase the

apoptosis rate of SU-DHL4 cells, expanded the proportion

of CD4? cells in the co-culture system and compressed the

proportion of Treg cells (Fig. 2D–G).

3.3 circSPEF2 targets miR-16-5p

To elucidate the mechanism of action of circSPEF2 in

DLBCL, starbase 3.0 database offered the potential binding

sites shared by circSPEF2 and miR-16-5p (Fig. 3A). The

enrichment of circSPEF2 and miR-16-5p in Ago2 magnetic

beads was verified by RIP experiment (Fig. 3B). miR-16-

5p mimic was transfected into DLBCL cells, resulting in

the upregulation of miR-16-5p (Fig. 3C). Dual luciferase

assay confirmed the circSPEF2 targeting regulation of

miR-16-5p. When co-transfected miR-16-5p mimic with

WT-circSPEF2 reporter gene, luciferase activity decreased

significantly. However, no significant changes occurred

when co-transfected miR-16-5p mimic and mu-circSPEF2

reporter gene (Fig. 3D). RT-qPCR analyzed that cir-

cSPEF2 overexpression reduced miR-16-5p expressions

(Fig. 3E). Meanwhile, miR-16-5p was upregulated in tis-

sues of DLBCL patients and tumor cell lines (Fig. 3F, G).

3.4 ircSPEF2 inhibits the malignant progression

of DLBCL through miR-16-5p

To further explore the mechanism of circSPEF2 and miR-

16-5p in DLBCL, a functional salvage experiment was

conducted. First, miR-16-5p mimic and oe-circSPEF2 were

co-transfected into SU-DHL4 cells. The results of RT-

qPCR test showed that miR-16-5p mimic reversibly ele-

vated miR-16-5p expression in cells previously interfered

with oe-circSPEF2 (Fig. 4A). MTT assay results discov-

ered that circSPEF2 overexpression inhibited the prolifer-

ation of SU-DHL4 cells, upregulating miR-16-5p mitigated

this inhibition (Fig. 4B). Meanwhile, Western Blot analysis

also confirmed that inducing miR-16-5p could inactivate

the apoptotic activity of SU-DHL4 cells (Fig. 4C). Co-

transfected SU-DHL4 cells were then co-cultured with

activated T cells, and flow cytometry results revealed that

the promotion effect of circSPEF2 on SU-DHL4 apoptosis

rate, CD4? immune cell proportion and inhibition effect on

Treg cell proportion were reversible upon miR-16-5p

overexpression (Fig. 4D–G).

3.5 BACH2 is the downstream target of miR-16-5p

According to the function of miRNA, the current work

searched for downstream targets of miR-16-5p through

starbase 3.0. Figure 5A presents potential binding sites

between miR-16-5p and BACH2. At the same time, RIP

experiment detected the enrichment of miR-16-5p and

BACH2 in Ago2 magnetic beads (Fig. 5B). To confirm

BACH2 as the direct target of miR-16-5p, dual luciferase

reporter assay was performed, showing the inhibition of

luciferase activity in miR-16-5p mimic ? WT-BACH2-co-

transfected SU-DHL4 cells (Fig. 5C). Moreover, overex-

pressing miR-16-5p could lower BACH2 expressions,

while silencing of miR-16-5p had the opposite result

(Fig. 5D, E). RT-qPCR and Western Blot detected down-

regulated BACH2 expression in DLBCL patients and cell

lines (Fig. 5F, G).

3.6 circSPEF2 delays the malignant progression

of DLBCL through the miR-16-5p/BACH2 axis

To study the role of circSPEF2/miR-16-5p/BACH axis in

DLBCL, si-BACH2 and oe-circSPEF2 were co-transfected

into DLBCL cells, and si-BACH2 contributed to the

reversible downregulation of BACH2 in circSPEF2-over-

expressed SU-DHL4 cells (Fig. 6A). In MTT rescue

experiment, BACH2 knockdown led to a proliferation

reversal in circSPEF2-overexpressed SU-DHL4 cells

(Fig. 6B). Western Blot results showed that depleting

BACH2 could also reversibly reduce the promoting effect

of circSPEF2 on SU-DHL4 apoptosis (Fig. 6C). Mean-

while, flow cytometry also confirmed the reversible effect

of silenced BACH2 on immune escape in the co-culture

system (Fig. 6D–G).

3.7 circSPEF2 suppresses DLBCL tumor growth

and immune escape

Finally, the molecular mechanism of circSPEF2 in DLBCL

progression was studied using BALB/C nude mice. SU-

DHL4 cells or SU-DHL4 cells transfected with sh-BACH2

and oe-circSPEF2 were implanted into the right rib of nude

mice. Anatomical results showed that tumor growth was

significant in mice implanted with negative control, and

silencing BACH2 re-promoted tumor growth based on

overexpression of circSPEF2 (Fig. 7A-C). Western Blot

results showed that knockdown of BACH2 could suppress

the promoting effect of circSPEF2 overexpression on

BACH2 expression in vivo (Fig. 7D). Subsequently, IHC

results tested that overexpressing circSPEF2 reduced Ki-67
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signaling in tumors, while knockdown of BACH2 reversed

this reduction (Fig. 7E). TUNEL staining was performed

on the slices to analyze the apoptosis of tumor cells. The

results showed that the number of positive cells in the

tumor of mice overexpressed with circSPEF2 was

increased, but this number was reduced by depleting

BACH2 (Fig. 7F). Meanwhile, Western Blot test results

elucidated that BACH2 downregulation following cir-

cSPEF2 overexpression had a reversible effect on apoptotic

proteins (Fig. 8A) and on apoptosis of lymphoma cells and

immune escape (Fig. 8B–D).

4 Discussion

As the most common subtype of NHL, DLBCL has a poor

prognosis and limited therapeutic effectiveness [32]. cir-

cRNA indicates significance in tumorigenesis and tumor

progression [33]. Based on this, the current work focused

on circSPEF2 and explained the mechanism of circSPEF2

in DLBCL. In short, circSPEF2 could inhibit the growth

bFig. 6 circSPEF2 inhibits malignant progression of DLBCL through

the miR-16-5p/BACH2 axis. si-BACH2 and oe-circSPEF2 were co-

transfected into DLBCL cells, A RT-qPCR and Western Blot

measured BACH2 expression; B MTT assay analyzed the viability

of SU-DHL4 cells; C Western blot measured apoptosis-related

proteins; D Flow cytometry determined the apoptosis rate of SU-

DHL4 cells in the co-culture system; E–G Flow cytometry detected

the proportion of CD4.? and Treg cells in the co-culture system. Data

were expressed as mean ± SD (N = 3). p\ 0.05

Fig. 7 circSPEF2 suppresses DLBCL tumor growth and immune

escape. A Representative tumor images in each group (5/group);

B tumor growth curve; C tumor volume; D Western Blot checked

BACH2; E IHC staining observed Ki-67 signal; F TUNEL staining

detected apoptosis of tumor cells; Data were expressed as mean ± SD

(N = 3). P\ 0.05
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and immune escape of DLBCL cells via the miR-16-5p/

BACH2 axis.

Malregulated circRNAs are associated with cancer

development [12, 34, 35]. Therefore, elucidating the

function of circRNA in DLBCL is conducive to the

development of new therapeutic methods. A recent study

analyzes that circEAF2 is downregulated in DLBCL and

negatively correlated with DLBCL progression in EBV

infection [17]. Meanwhile, sequencing data found that

hsa_circ_012889 is also downregulated in EBV-infected

DLBCL, and hsa_circ_012889 (circSPEF2) is a newly

discovered circRNA that has not yet been studied. There-

fore, this study detected circSPEF2 expression in DLBCL

patients and cell lines, and the results were consistent with

our conjectures. Subsequently, it was proved that cir-

cSPEF2 inhibited proliferative activity of DLBCL cells,

and elevated apoptosis of cancer cells and the expression of

apoptosis-related proteins Bax and Caspase-3. It is worth

mentioning that the immune system is a key role in tumor

progression, and suppressing the immune escape of tumors

is the core concept of cancer immunotherapy. Tregs cells

are present in tumor areas of most cancers and contribute to

the immune escape [36–38]. BACH2 promoted tumor

immunosuppression through Treg-mediated inhibition of

intratumoral CD8? T cells and IFN-c, and induce long-

term non-response or apoptosis of CD4? and CD8?T cells

[39, 40]. This study, however, demonstrated novelly that

circSPEF2 increased the proportion of CD4 T cells and

decreased the proportion of Treg cells in the co-culture

system, suggesting that circSPEF2 is a potential therapeutic

target by inhibiting proliferation and promoting apoptosis,

as well as enhancing the anti-tumor immune response.

miRNA can be regulated by circRNA to affect tumor

progression. This mechanism is also present in the devel-

opment of DLBCL [16, 41, 42]. However, a recent study

has demonstrated that DLBCL cells secrete more exosomes

than normal cells, including miR-16-5p [43]. miR-16-5p is

considered to be a carcinogenic factor in hepatocellular

carcinoma [44] and ovarian cancer [45]. This study

revealed the involvement of miR-16-5p in DLBCL pro-

gression due to its abnormal upregulation trend. Moreover,

miR-16-5p was the downstream target of circSPEF2, and

induction of miR-16-5p abolished the effect of circSPEF2

on the growth of DLBCL cells and the promotion of

apoptosis. miR-16-5p has been reported to influence the

number of Treg populations in the breast cancer microen-

vironment [26]. This work found that miR-16-5p inhibited

the amount of CD4 and increased the proportion of Treg

cells in the co-culture system, confirming that circSPEF2

can participate in the malignant progression and immune

escape of DLBCL through the regulation of miR-16-5p.

Next, miR-16-5p has a targeting relationship with

BACH2. This is similar to the study by Liu et al. [46]. A

late paper confirms that overall survival in chronic lym-

phocytic leukemia is lower in patients with low BACH2

levels [47]. BACH2 is a potential T-cell lymphoma tumor

suppressor, in the absence of Bach2, CD4 ( ?) T cells

demonstrate an augmented propensity towards effector cell

differentiation, resulting in elevated production of Th2-

related cytokines and a diminished generation of regulatory

T cells [48]. A recent study shows that patients with higher

BACH2 expression in DLBCL had a better prognosis [49].

The potential involvement of circSPEF2 in the regulation

of other host genes cannot be disregarded. However, our

study specifically verified the interaction between cir-

cSPEF2 and mir-16-5p, and further proved that silencing

BACH2 could reverse the influence of circSPEF2 overex-

pression on DLBCL cell proliferation, apoptosis, and

immune response in TME. Meanwhile, influences of cir-

cSPEF2 on tumor growth and immune response were

abolished by depleting BACH2. Current research is not

clear whether circSPEF2 inhibits DLBCL cells by targeting

downstream genes of the miR-16-5p/BACH2 axis, which

may have a synergistic effect with this study’s mecha-

nisms, necessitating additional research to substantiate this

claim.

Although we did not investigate the conservative rela-

tionship of the circSPEF2/miR-16-5p/BACH2 axis in a

wider range of DLBCL cell lines, our animal studies

demonstrated that silencing BACH2 reversed the inhibitory

effect of circSPEF2 overexpression on tumor growth,

thereby promoting tumor growth. In future studies, we

intend to explore the conservative relationship of the cir-

cSPEF2/miR-16-5p/BACH2 axis in different DLBCL cell

lines.This work has not yet investigated the relationship

between circSPEF2 expression levels and DLBCL pro-

gression and its relationship to the prognosis of DLBCL

patients. Secondly, this work has not yet explored the

detailed molecular mechanism of how circSPEF2 influ-

ences apoptosis of DLBCL cells and changes in immune

homeostasis in the TME by mediating the miR-16-5p/

BACH2 axis. Moreover, studies should further look for

other potential modes of circSPEF2 in different DLBCL

cell lines, with a view to providing new strategies for the

treatment of DLBCL patients.

bFig. 8 circSPEF2 suppresses DLBCL tumor growth and immune

escape. A Western blot measured apoptosis-related proteins; B–
D Flow cytometry measured apoptosis and immune cell CD4.? to

Treg ratio in lymphoma. Data were expressed as mean ± SD (N = 3).

P\ 0.05
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In conclusion, circSPEF2 can affect the proliferation

and apoptosis of DLBCL cells and the balance of Treg and

CD4 immune cells in the TME through the miR-16-5p/

BACH2 axis, and inhibit the malignant progression of

DLBCL.
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