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Introduction

B-lymphocytic leukaemia is regarded as one of the 
most commonly diagnosed types of blood cancer mali-
gnancies, and also has it been one of the most developing 
realms of medical scientific research in the past years (1, 
2). B-prolymphocytic leukaemia (B-PLL) is considered to 
be a specific type of blood cancer malignancy first formal-
ly reported by Galton’s team in 1974 based on an observa-
tion and summarisation of the condition of 15 patients dia-
gnosed with a variant of chronic lymphocytic leukaemia 
of a remarkably low incidence (3). According to currently 
available statistical data, the proportion of B-PLL barely 
gets more than 1% of all lymphocytic leukaemia cases, 
and is still in need of further study into the depth mecha-
nically and clinically (4-6). Current common consensus 
demonstrates that B-PLL is most often diagnosed among 
aged patients with the features of high white blood cell 
counts, a large proportion of prolymphocytes, as well as 
relatively severe splenomegaly yet mild or no lymphade-
nopathy (7). Although some might display a relatively lon-
ger overall survival, the prognosis of the majority of pa-
tients diagnosed with B-PLL remains unfavourably poor 
(7, 8). TP53, MYC, as well as a variety of other targets, 
have been identified and utilised as therapeutic targets and 
have been confirmed to be of observable efficacy in some 
studies, yet better insights into the mechanisms and poten-

tial targets are still expected (4, 9-12).
The human genome consists of approximately 6.4 

billion base pairs and it is believed that three-quarters of 
them are undergoing active transcription. However, cur-
rently available data revealed that nearly 98% of the RNAs 
transcribed encoded no protein at all, and are therefore re-
garded as non-coding RNAs (13). Non-coding RNAs can 
be further classified into a diversity of subgroups like ribo-
somal RNA (rRNA), transfer RNA (tRNA), micro-RNA 
(miRNA/miR), circular RNA (circRNA), etc. (14,15). 
Enormous quantities of investigations into non-coding 
RNAs were conducted accordingly, demonstrating a ma-
gnificent diversity of regulatory functions regarding the 
processing of RNAs and the expression of genes (13), and 
thus dysfunction of those RNAs would result in a malfunc-
tion of gene expression, which might then lead to disor-
ders in cytological regulation and even contribute to the 
initiation and progression of tumours. As a loop-shaped 
subtype of non-coding RNA synthesised via back splicing, 
circRNA has been confirmed to participate in ranges of 
cytological and tumorigenic procedures like cell prolife-
ration, apoptosis, tumour invasion and migration (16-18). 
miRNA is another well-studied non-coding RNA targeting 
specific mRNAs in a complementary manner, either ham-
pering further translation or facilitating further degrada-
tion of the mRNA (19-21). Sufficient evidences demons-
trated the interactive association between circRNA and 
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miRNA, claiming a sponge-like role of circRNA that one 
circRNA was capable of binding multiple or even quanti-
ties of specific types of miRNAs, impeding the exertion of 
inhibitory function of miRNAs in mRNA translation and 
consequently enhancing the expression of specific clusters 
of genes (22-26). Accumulating studies have indicated the 
involvement of such mechanism in the initiation and de-
velopment of a wide range of tumours (26-32). However, 
few studies placed their focus on such mechanism in the 
realm of the relatively rare disease, B-PLL, which turned 
to be a blank waiting for filling in.

It is therefore the purpose of this study to explore the 
possibly existing mechanism consisting of circBCAR3 
and miR-27a-3p in the initiation and development of B-
PLL, seeking to fill in the blank that currently exists.

Materials and Methods

Cell Culture
Human embryonic kidney cell line 293T and human 

B-prolymphocytic leukaemia isolated cell line JVM-2 
were acquired from American Tissue Culture Collection 
(ATCC, Rockville, MD, USA), human normal B lympho-
cyte was acquired from BeNa Culture Collection (BNCC, 
Henan, China).

293T cells were cultured in DMEM medium (D0819, 
GIBCO, Invitrogen Corporation, NY, USA) with 100 U/
mL penicillin & 100 μg/mL streptomycin (15140148) 
(Thermo Fisher Scientific, Pittsburgh, PA, USA), 2 mM L-
glutamine (30-2214) (ATCC) and 10% FBS (SH30070.03) 
(FBS, Hyclone, Logan, UT, USA). JVM-2 cells and hu-
man B lymphocytes were cultured in RPMI-1640 medium 
(A33823, GIBCO, Invitrogen Corporation, NY, USA) 
with 100 U/mL penicillin & 100 μg/mL streptomycin and 
10% FBS. Cells were cultured at 37 °C/5% CO2 and me-
dium was replaced with fresh medium once every 2 days. 
Subculture of all the 3 different types of cells took place 
when approximately 90% percent of the plate surface was 
covered.

Cell Transfection
Cells were seeded in 24-well plates one day before 

transfection with penicillin/streptomycin-free medium. 
siRNAs (si-NC and si-circBCAR3) and miRNA mimics 
(mimics-NC and miR-27a-3p mimics) were resolved with 
Opti-MEM medium (31985062, GIBCO, Invitrogen Cor-
poration, NY, USA) and lipo 3000 (L3000150, Thermo 
Fisher Scientific, Pittsburgh, PA, USA). Cells were cultu-
red with transfection mixture for 15 min and Opti-MEM 
afterwards. Opti-MEM was replaced by maximal medium 
6 h after transfection and cells were harvested after 24 h 
for further experiments. Quantitative real-time polymerase 
chain reaction (qRT-PCR) was conducted for validation of 
transfection efficiency.

Dual luciferase luminescence Assay
Dual luciferase luminescence assay was conducted via 

Dual Luciferase Reporter Gene Assay Kit (RG028, Beyo-
time, Shanghai, China) in accordance with the protocol 
provided by the manufacturer. In short terms, cells were 
pre-seeded in 24-well plates and were transfected with 
dual luciferase luminescence reporter vector pre-construc-
ted (detailed information regarding the construction of 
reporter vector can be found in Supplementary Section 

1) via lipo 3000 and Opti-MEM in similar manners as 
described in Cell Transfection section. Cells were afte-
rwards harvested and lysed followed by centrifugation at 
10000~15000RPM for 3~5min to obtain the supernatant. 
Luciferase detection reagent was then added and the signal 
was detected via Berthold TechnologiesTM TriStar LB 941.

Western Blot Assay
Cells were seeded in 6-well plates and were harves-

ted when 90% of the culture surface was covered. The 
total protein of cells was extracted by cell lysis via PMSF 
(Amresco, Solon, OH, USA) containing RIPA (Beyotime, 
Shanghai, China) and ultracentrifugation with the obtai-
ning of the supernatant. 

Samples were then separated via 10~12% SDS-PAGE 
(Amresco, Solon, OH, USA) and transferred to PVDF 
membranes (Millipore, Schwalbach, Germany). 5% skim 
milk TBST solution was used for membrane blocking for 
1h under room temperature followed by incubation of 
antibodies consecutively. All antibodies used in this study 
were purchased from Abcam (Abcam, Cambridge, UK).

qRT-PCR Assay
Cells were seeded in 6-well plates and were harvested 

when 90% of the culture surface was covered. mRNAs 
were extracted from cells via TRIzol (9109, TaKaRa, To-
kyo, Japan) and miRNAs were extracted from cells via an 
miRNA extraction kit (B1802, Haigene, Harbin, China). 
Complementary DNAs (cDNAs) of mRNAs were reversely 
transcribed via iScript cDNA synthesis kit (1708891EDU, 
Bio-Rad, Hercule, USA) and cDNAs of miRNAs were re-
versely transcribed via one-step miRNA reverse transcrip-
tion kit (D1801, Haigene, Harbin, China) according to the 
protocol provided by the manufacturer. Applied Biosys-
temsTM 7500 Real-Time PCR Instrument was used for the 
conduct of qPCR assay. All primers used in this study were 
provided by Sangon Biotech (Sangon Biotech, Shanghai, 
China), primer sequences were listed as follows: circB-
CAR2, forward: 5’-CCTGGAAACAGCAATGTTGA-3’, 
reverse: 5’-GTCCATGATGTGCCTCTCCT-3’; GAPDH, 
forward: 5’-AATGGGCAGCCGTTAGGAAA-3’, re-
verse: 5’-GCGCCCAATACGACCAAATC-3’; miR-27a-
3p, forward: 5’-TGCGGTTCACAGTGGCTAAG-3’, re-
verse: 5’-CTCAACTGGTGTCGTGGA-3’; U6, forward: 
5’-CTCGCTTCGGCAGCACA-3’, reverse: 5’-AA-
CGCTTCACGAATTTGCGT-3’.

Cell Viability Validation
The viability of cells was validated via MTT assay 

using MTT assay kit (C0009S, Beyotime, Shanghai, 
China) in accordance with the protocol provided by the 
manufacturer. Briefly, cells were pre-seeded in 96-well 
plates and the medium was replaced by FBS-free medium 
when 80% of the culture surface was covered. Cells were 
incubated in FBS free medium for 2 h before switching 
back to maximal medium for another 24 h’s incubation. 
MTT was added at the 20th hour of incubation and the me-
dium was replaced by DMSO after incubation. OD570 was 
measured via Berthold TechnologiesTM TriStar LB 941 for 
the detection of cell viability.

Cell Apoptosis Validation
The apoptosis of cells was validated using Annexin 

V-FITC/PI Cell Apoptosis Kit (KGA108-1, KeyGEN, 
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CircBCAR3 targeted at miR-27a-3p in lymphocytic 
leukaemia cell line JVM-2

As predicted via analysation of data stored in the EN-
CORI database for screening of the potentially existing 
miRNAs having the capacity of binding to circBCAR3, 
miR-27a-3p was identified to be of a relatively high rank 
with a targeted binding association. Also had a targeted 
binding association has been identified via ENCORI data 
analysation between miR-27a-3p and SCL7A11, with 
supportive evidence provided in previous investigations 
based on dual-luciferase assay (33). Given such, a dual lu-
ciferase assay was conducted in this study for the purpose 
of verification of the targeted binding of circBCAR3 to 
miR-27a-3p. By construction and transfection of wild-
type circBCAR3 (circBCAR3-WT) and mutated circB-
CAR3 dual luciferase vector (circBCAR3-MUT), results 
yielded by the assay demonstrated that circBCAR3 bound 
to miR-27a-3p in a targeted manner via multiple sites as 
illustrated in Figure 2.

Nanjing, China) according to manufacturer’s protocol. To 
be brief, cells were harvested, washed and resuspended 
by Binding Buffer followed by the addition of Annexin 
V-FITC resolution and Propidium Iodide for 15 min’s light 
avoided incubation. Cells were afterwards measured and 
analysed via BeckmanTM DxFlex flow cytometry instru-
ment within 1h.

Cell Reactive Oxygen Species (ROS) Detection
The ROS within cells was detected using ROS detec-

tion kit (S0033S, Beyotime, Shanghai, China) in accor-
dance with the protocol provided by the manufacturer. 
Briefly speaking, the DCFH-DA prob (S0063, Beyotime, 
Shanghai, China) was diluted at the ratio of 1:1000 and 
was then used for the resuspension of harvested cells. The 
resuspension was then incubated away from lights for 
20min followed by fluorescence detection at 525 nm via 
BeckmanTM DxFlex flow cytometry instrument.

Cell Fe2+ Detection
Cells were harvested, washed and resuspended in 

PBS followed by the addition of FerroOrange Fe2+ prob 
(MX4559-48UG, MKBio, Shanghai, China) and light-
avoided incubation for 30min under room temperature. 
Cells were afterwards washed, resuspended and the fluo-
rescence was detected via BeckmanTM DxFlex flow cyto-
metry instrument.

Cell Glutathione (reduced form) (GSH) Detection
The cytosol GSH level was detected via the GSH de-

tection kit (ml094982, MIBio, Shanghai, China) in accor-
dance with the protocol provided by the manufacturer. In 
simple terms, cells were harvested, washed with PBS and 
resuspended with GSH extractor resolution. Resuspension 
was then treated by rapid freeze-thaw and was incubated 
on ice for 5 min followed by centrifugation at 12000RPM. 
The supernatant was collected and pre-prepared DTNB 
resolution was added for further reaction at 10 min un-
der 25 degrees Celsius. OD412 was measured via Berthold 
TechnologiesTM TriStar LB 941 for the detection of GSH 
concentration.

Statistical analysis
Analysation, illustration and interpretation of data were 

conducted based on Graphpad Prism 9 (version 9.4.0) and 
Adobe Illustrator 2022 (version 2022). All quantitative 
data were described as means ± standard deviation, and 
intergroup statistical differences were validated via one-
way ANOVA and Tukey’s test, with a statistically signifi-
cant difference identified if P<0.05 was confirmed.

Results

CircBCAR3 was upregulated in lymphocytic leukae-
mia cell line JVM-2

For the purpose of a clear illustration of the expression 
alteration of circBCAR3 in B-prolymphocytic leukaemia, 
qRT-PCR was conducted for evaluation of the circBCAR3 
expression in normal B lymphocytes and JVM-2 cells to 
reveal a significant abnormal upregulation of circBCAR3 
expression in JVM-2 cells as compared with normal B 
lymphocytes (Figure 1).

Figure 2. hsa-miR-27a-3p can bind to circBCAR3. After 293T cells 
were co-transfected with circBCAR3 luciferase report vector (cir-
cBCAR3-WT, circBCAR3-MUT) and mimics-NC, hsa-miR-27a-3p 
mimic (A), the luciferase signal was determined. Results were mean 
± SD for three individual experiments. *P<0.05, **P<0.01.

Figure 1. The RNA levels of circBCAR3 were measured by qRT-
PCR. Results were mean ± SD for three individual experiments. 
**P<0.01.
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CircBCAR3 interference suppressed cell viability and 
promoted apoptosis

Enhanced cell apoptosis and decreased cell viability 
were observed in JVM-2 cells transfected with miR-27a-
3p mimics as compared to those transfected with mimics 
NC (negative control), and similar phenomenon was also 
observed in JVM-2 cells transfected with si-circBCAR3, 
a siRNA designed for knocking down of the circBCAR3 
expression, as compared to those transfected with siRNA-
NC. Furthermore, double transfection of both si-circB-
CAR3 and miR-27a-3p mimics was observed to result in 
an even more significant suppression of cell viability and 
an even significant promotion of cell apoptosis, as illustra-
ted in Figure 3. 

Expression of circBCAR3 negatively correlated with 
the expression of miR-27a-3p

JVM-2 cells were transfected with miR-27a-3p mimics 
(and mimics NC as negative control) and/or si-circBCAR3 
(and siRNA-NC as negative control) for interventional 
upregulation of the corresponding molecules and the ex-
pression of the molecules were validated via qRT-PCR. 
As demonstrated by the results, significant upregulation 
of miR-27a-3p could be observed not only in miR-27a-3p 
mimics transfected cells, but in si-circBCAR3 transfected 
cells as well, and even greater upregulation of its expres-
sion was observed in cells undergone double transfection 
(Figure 4A). Consistently, significant downregulation of 
circBCAR3 could be observed not only in si-circBCAR3 
transfected cells, but in miR-27a-3p transfected cells as 
well, and an even greater downregulation was observed in 
cells undergoing double transfection (Figure 4B). 

Expression of SLC7A11 co-altered with the expression 
of circBCAR3 and miR-27a-3p

It has been demonstrated by previous studies that SL-
C7A11 binds to miR-27a-3p in a targeted manner (33) 
and it has been demonstrated in the former section of this 
study that circBCAR3 bounded to miR-27a-3p in a targe-
ted manner. Given such, western blot assay was conduc-

ted for the validation of SLC7A11 expression in JVM-2 
cells differently treated as described in the former section. 
According to the results, significant downregulation of 
SLC7A11 expression could be observed in cells either 
transfected with miR-27a-3p mimics (in which miR-27a-
3p was significantly upregulated) or with si-circBCAR3 
(in which circBCAR3 was significantly downregulated), 
and an even greater downregulation can be observed in 
cells undergone double transfection (Figure 5).

CircBCAR3 reduced cytosol GSH and increased the 
concentration of ROS and Fe2+

The former sections of this study enlightened an in-
dication of the existence of a cell regulatory axis of cir-
cBCAR3-miR-27a-3p-SLC7A11. Previous studies have 
demonstrated profoundly validated inhibitory function 
of SLC7A11 in the peroxidative damage caused by fer-
roptosis (34-37). Taken together, it was hypothesised in 
this study that the circBCAR3-miR-27a-3p-SLC7A11 
regulatory axis could exert similar inhibition upon ferrop-
tosis-induced peroxidative damage to JVM-2 cells, and 
consequently, suppression of such axis could restore fer-
roptosis induced peroxidation. For validation of the hy-
pothesis, Fe2+, ROS and GSH in JVM-2 cells undergoing 

Figure 3. The expression of miR-27a-3p overexpression or cicB-
CAR3 knockdown on JVM-2 cells. JVM-2 cells were transfected with 
mimics NC, miR-27a-3p mimics, siRNA-NC, si- cicBCAR3 and si- 
cicBCAR3+ miR-27a-3p mimics. The apoptosis (A, B) ratio of JVM-
2 cells in the indicated group was measured by flow cytometric ana-
lysis. The cell viability (C) was detected by MTT assay. Results were 
mean ± SD for three individual experiments. *P<0.05, **P<0.01.

Figure 4. The expression of miR-27a-3p overexpression or circB-
CAR3 knockdown on JVM-2 cells. JVM-2 cells were transfected with 
mimics NC, miR-27a-3p mimics, siRNA-NC, si- cicBCAR3 and si- 
cicBCAR3+ miR-27a-3p mimics. The RNA levels of miR-27a-3p (A) 
and circBCAR3 (B) were measured by qRT-PCR. Results were mean 
± SD for three individual experiments. *P<0.05, **P<0.01.

Figure 5. The expression of miR-27a-3p overexpression or circB-
CAR3 knockdown on JVM-2 cells. JVM-2 cells were transfected 
with mimics NC, miR-27a-3p mimics, siRNA-NC, si- cicBCAR3 and 
si- cicBCAR3+ miR-27a-3p mimics. The expression of SLC7A11 
(A, B) from the indicated group was detected by western blot assay. 
Results were mean ± SD for three individual experiments. *P<0.05, 
**P<0.01.
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different interventions were detected and measured. As 
demonstrated by the outcome of the experiments, Fe2+ and 
ROS were significantly increased in JVM-2 cells transfec-
ted with circBCAR3 while GSH was significantly reduced, 
as compared to negative control. Consistently, a similar 
phenomenon was observed also in JVM-2 cells transfected 
with miR-27a-3p mimics as compared to negative control. 
Even greater increments of Fe2+ and ROS and a decrease 
in GSH were observed in JVM-2 cells undergoing double 
transfection. Such results were considered to be positive 
support for the hypothesis of the existence of circBCAR3-
miR-27a-3p-SLC7A11 axis in B-prolymphocytic leukae-
mia cell line JVM-2 (Figure 6).

Discussion

B-PLL, although discovered, formally documented 
and reported as early as 1974, remained less well studied 
till nowadays (3, 4, 9-12). Various targets including TP53 
and MYC have been identified and utilised for therapeutic 
purposes with some observable efficacy, yet the majority 
of the patient diagnosed with B-PLL remained unfavou-
rably poor, which calls for better insights into the mecha-
nisms of B-PLL (7, 8).

The role of non-coding RNAs, especially circRNAs 
and miRNAs, is now gaining growing attention and being 
profoundly investigated in recent decades. miRNAs are 
sequence-specific mRNA inhibitors that can bind to mR-
NAs complementarily for hampering translation and/or 
facilitating degradation (19-21), which in other terms indi-
cates that miRNAs can act either tumour promotively or 
tumour suppressively depending on the genetic messages 
on which mRNAs targeted would be carrying or in which 
type of cells would the miRNAs be functioning. Previous 
studies claimed that some miRNAs like miR-141, miR-21, 
miR-30b-5p and miR-1304-3p function promotively in the 
initiation and development of malignancies (38-41)  while 

some others like miR-155, miR-4516, miR-340-5p and 
miR-489 function suppressively (42-45). 

Similarly, the role of circRNAs in tumours is also di-
verse and relatively complicated yet the mechanisms of 
their functions can be briefly summarised as the following 
3: a. inhibiting the miRNA function via sponging; b. inte-
racting with proteins in sponge-like or scaffold-like man-
ners and thus suppressing further translation of specific 
proteins, facilitating enzymatic catalysation or recruiting 
specific factors to specific sites; c. a small proportion of 
circRNAs bear the capability of acting as templates for 
proteins or peptides translation, which is a function same 
as mRNAs (46-50). CircRNAs have been demonstrated 
participating in wide ranges of cytological and tumorige-
nic procedures (15-18), including the initiation and deve-
lopment of glioma, hepatocellular carcinoma, breast can-
cer, colon cancer, etc. (51-54), and, similar to the effect 
of miRNAs, the overall effect of circRNAs on the initia-
tion and development of tumours differs, some like cir-
cACTN4, circWSB1, circMTCL1 and circRHOT1 func-
tion promotively (50, 55-57) while some like circDIDO1, 
circPTEN1, circMRPS35 and circEIF4G3 function sup-
pressively (58-61). 

Last year, Yong Xi et al. proposed their discovery that 
circBCAR3 exhibited the capacity of oesophageal mali-
gnancy development acceleration through interaction 
with miR-27a-3p in a sponge-like manner which would 
consequently upregulate the expression of transportin-1 
(TNPO-1) (26). The year before last year, Xuan Lu et al. 
proposed their finding of the interaction between miR-
27a-3p and SLC7A11 (33). Now, this study demonstrates 
the existence of a circBCAR3-miR-27a-3p-SLC7A11 axis 
as an inhibitory mechanism in the process of ferroptosis 
and consequently as a promotive mechanism in the survi-
val of B-PLL cells.

Together, it is of optimistic perspective that this newly 
discovered circBCAR3-miR-27a-3p-SLC7A11 axis in B-
PLL cells might be one of the key mechanisms supporting 
tumorigenesis and thus might have the potential of being 
a candidate target for utilisation of targeted therapy in B-
PLL patients. Further exploration of this axis in tumours 
of other origins might be required, as well as more solid 
validations of this axis based on more lymphocytic cell 
lines and animal models.
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