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CircADARB1 serves as a new biomarker 
in natural killer T‑cell lymphoma and a potential 
regulator of p‑Stat3
Mei Mei1,2, Yingjun Wang1, Wenting Song1, Zhaoming Li1, Qilong Wang1, Jiayin Li1 and Mingzhi Zhang1,3*   

Abstract 

Background:  Natural killer/T-cell lymphoma (NKTCL) is a rare and aggressive subtype of Non-Hodgkin’s Lymphoma. 
CircRNA has shown great potential to become a biomarker in plasma. In this study, we aimed to determine circRNA 
for its diagnostic and prognostic value and biological function in NKTCL.

Method:  The circRNA microarray of plasma from NKTCL patients and healthy donors were conducted. The relative 
expressions of target circRNA were verified by qRT-PCR. We conducted function experiments in vitro and in vivo. Bio-
informatics predicted the target miRNA of the target circRNA and the binding site was detected by the dual luciferase 
report assay. Downstream target protein was predicted and detected by western blot in vitro and immunohistochem-
istry in vivo.

Result:  By analyzing the plasma circRNA microarrays in NKTCL, 6137 circRNAs were up-regulated and 6190 circRNAs 
were down-regulated. The relative expressions of circADARB1 were significantly higher in NKTCL patients. The knock-
down of circADARB1 inhibited proliferation of NKTCL cells in vitro and in vivo. CircADARB1 could bind to miR-214-3p 
in the downstream and regulate the expression of p-Stat3. In nude mice tumor tissue, p-Stat3 was under-expressed in 
the circADARB1 knockdown group.

Conclusion:  CircADARB1 was highly expressed in NKTCL plasma and circADARB1 was a potential biomarker to assist 
diagnosis and predict the response in NKTCL. CircADARB1 bound up to miR-214-3p and regulated p-Stat3.
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Introduction
85–90% of Non-Hodgkin’s Lymphoma (NHL) originates 
from B lymphocytes, the remaining non-Hodgkin Lym-
phoma originates from T lymphocytes and Natural Killer 
(NK) lymphocytes [1]. Natural killer/T-cell lymphoma 
(NKTCL) is a rare and aggressive subtype of NHL origi-
nating from NK lymphocyte and cytotoxic T lymphocyte 
[2] and associated with Epstein-Barr virus infection [3]. 
NKTCL is endemic in East Asia and Latin America while 

rare in Europe and South America [4], usually associated 
with a poor outcome [5]. Due to its atypical early clini-
cal manifestations, including general symptoms such as 
fever, night sweats, and fatigue, as well as related symp-
toms involving organs. The current diagnosis mainly 
depends on immunohistochemical staining, and the 
immunohistochemical characteristics of NKTCL cells 
include CD2 and CD56 positive, CD3 negative; cyto-
plasmic CD3ε and cytotoxic molecules (perforin, gran-
zyme, TIA1) positive [6]. The prognostic index of natural 
killer cell lymphoma (PINK) and PINK-E [7] includes age 
greater than 60 years, stage 3 or 4 stage, involving distant 
lymph nodes and non-nasal diseases, and the addition of 
EBV DNA testing .
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However, it is difficult to distinguish NKTCL since the 
early symptoms are not typical. Tumor tissue necrosis 
is common, which makes sampling difficult and mis-
diagnosed. In China, patients with pathological test of 
NKTCL more than once account for 37.1% [8]. In West-
ern countries, the median time from symptom onset 
to diagnosis is 5  months, the longest is 36  months, and 
patients with more than once pathological examination 
account for 48% of patients with NKTCL [9]. Therefore, 
it is imperative to find new markers to assist in tumor 
diagnosis.

In addition, efficacy prediction and therapeutic tar-
geting are extremely important in molecular tumor 
research. Wang et  al. found that about 95% of ENKTL 
cases were CD38 positive and that patients with strong 
CD38 expression had a low CR rate after chemotherapy 
[10]. A subsequent clinical trial showed that daratu-
mumab, a monoclonal antibody against CD38, achieved 
an ORR of only 25% in patients with R/R NKTCL, and 
none of the patients achieved CR [11]. Although there 
have been many molecular studies on NKTCL, there is 
still a lack of validated efficacy predictive biomarkers and 
therapeutic targets.

Circular (circ)RNA specializes in forming covalently 
closed continuous loops with back-splicing events [12]. 
The majority of circRNAs are generated from coding 
exons (usually between one and five exons) [13, 14]. Cir-
cRNAs were initially considered as RNA by-products 
[15]. Recent studies have revealed biological functions as 
miRNA sponges [14], regulating transcription or splic-
ing [16, 17], and interacting with RNA binding proteins 
(RBPs) [18].

CircRNA has shown great potential to become a bio-
marker because of its conserved, stable, and stage- and 
tissues-specific characteristic [19, 20]. In addition, cir-
cRNAs exist widely in human body, not only in tissues, 
but also in the human peripheral blood [21, 22] and 
saliva [23] where can be collected easily [24]. In previous 
researches, several circRNAs in B-cell lymphoma [25, 26] 
and T-cell lymphoma [27] have been emphasized. How-
ever, clinical references for circRNAs profile and biologi-
cal functions in NKTCL are not clear. In this study, we 
focused on circRNA for its diagnostic and prognostic 
value, and biological function in NKTCL.

Materials and methods
Patients and samples
The plasma samples of the control group involved in this 
experiment were obtained from healthy donors, and the 
plasma samples of the experimental group were obtained 
from patients with pathological diagnosis of NK/T-cell 
lymphoma. Inclusion criteria for the experimental group: 
(1) those who attended the First Affiliated Hospital 

of Zhengzhou University between 2012 and 2019, (2) 
patients with confirmed NK/T-cell lymphoma diagnosed 
or consulted by the Department of Pathology of the First 
Affiliated Hospital of Zhengzhou University, (3) availabil-
ity of all clinical data, and (4) plasma samples collected at 
the first admission and signed an informed consent form. 
Exclusion criteria: (1) patients were previously treated 
with antineoplastic therapy, (2) patients with an unclear 
pathological diagnosis or a diagnosis of mixed malignant 
lymphoma. Clinical data such as age, gender, B symp-
toms, staging [28], PINK-E, ECOG score, response to 
therapy and follow-up information were collected.

The initial study involved six patients with a recent 
diagnosis of NKTCL and six healthy donors as negative 
controls. Validation experiments involved 50 patients 
diagnosed with NKTCL and 50 healthy donors as nega-
tive controls. Plasma samples from patients were col-
lected before chemotherapy and preserved at − 80  °C 
until analyzed.

Total RNA extraction
Total RNA was extracted from plasma samples using 
TRIzol LS reagent (Invitrogen, Carlsbad, CA, USA) and 
from cells using TRIzol reagent (Invitrogen) accord-
ing to the manufacturer’s instructions. The purity and 
concentration of RNA samples were determined with a 
Nanodrop 1000 spectrophotometry (Thermo Scientific, 
Wilmington, DE, USA).

Circular RNA preparation and microarray
Total RNAs were digested with Rnase R (Epicentre, 
Inc.) to remove linear RNAs and enrich circular RNAs. 
Then, the enriched circular RNAs were amplified and 
transcribed into fluorescent cRNA utilizing a random 
priming method (Arraystar Super RNA Labeling Kit; 
Arraystar). The labeled cRNAs were hybridized onto the 
Arraystar Human circRNA Array V2 (8 × 15  K, Array-
star). After having washed the slides, the arrays were 
scanned by the Agilent Scanner G2505C.

Quantitative reverse transcription polymerase chain 
reaction (qRT‑PCR)
cDNA was synthesized by reverse transcription using 
the PrimeScript RT Master Mix with random primers, 
and qRT-PCR was performed according to the manufac-
turer’s protocols (TaKaRa Bio, Shiga, Japan). Levels of cir-
cRNA and mRNA were normalized to GAPDH. Relative 
expression level was calculated with the 2−ΔΔCt method.

Cell culture
HEK293T and YT cells were cultured in Dulbecco’s Mod-
ified Eagle Medium (DMEM) and Roswell Park Memorial 
Institute (RPMI) 1640, respectively (ThermoFisher, MA, 
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USA) containing 10% fetal bovine serum (Clark Biosci-
ence, VA, USA). SNK-6 cell line was cultured in RPMI 
1640 containing 5% advanced cell culture supplement 
(AventaCell BioMedical Co., GA, USA) and 1000  U/ml 
recombinant human IL-2. In addition, 100 U/ml penicil-
lin and streptomycin (ThemoFisher Scientific, MA, USA) 
were added in cell culture medium at 37 °C with 5% CO2.

CircRNA plasmid construction and stable transfection
circADARB1 cDNA was synthesized and cloned into the 
GV493 vector (Genechem, Shanghai, China) to construct 
three short hairpin RNA plasmids. The plasmid construc-
tions were confirmed by sequencing, then transfected 
into HEK293T cells for lentiviral packaging using Lipo-
fectamine 2000 (Invitrogen) according to the manufac-
turer’s protocol. After the lentivirus harvested,  NKTCL 
cell lines YT and SNK-6 were transfected and selected for 
seven days with 3 μg/mL puromycin.

Cell viability assay
YT and SNK-6 cells were cultured in 96-well plates 
coated with 20  μl of Cell Counting Kit-8 (CCK-8, 
Dojindo, Tokyo, Japan) per well and incubated at 37  °C 
supplied with 5% CO2 for 2 h. Next, cell viability was pre-
sented by the wavelength of OD450 nm with a Multiskan 
FC microplate reader (Thermo Scientific, Waltham, MA, 
USA).

Cell apoptosis analysis
Cell apoptosis assay was performed using the Annexin 
V-APC Apoptosis Detection Kit (BD Biosciences, USA) 
following the manufacturer’s instructions. Cells were 
stained with Annexin V-APC and 7AAD, followed by 
flow cytometry in a FACS Canto II (BD Biosciences).

Bioinformatics analysis
Targetscan (http://​www.​targe​tscan.​org) [29], ENCORI 
(formerly known as starBase) [30] and miRanda [31] for 
bioinformatics analysis and prediction.

Dual luciferase reporter assay
The different fragment sequences were synthesized 
and then inserted into the psiCHECK2 vector (Han-
bio, China). Luciferase activity was assessed using the 
Luciferase Assay Reagent II (LAR II) (Luciferase Assay 
Reagent, Progema) according to the manufacturer’s 
instructions.

Western blotting
Total protein was extracted from cells using RIPA with 
Protease and Phosphatase Inhibitor cocktail (CWBIO, 
China) and EDTA cocktail. The protein concentra-
tions were detected by BCA Protein Assay Kit (CWBIO, 

China) according to the manufacturer’s instructions. 
Electrophoresis was performed with sodium dodecyl 
sulfate–polyacrylamide gel electrophoresis (SDS-PAGE), 
and protein was transferred onto polyvinylidene fluoride 
(PVDF) membranes (Amersham Biosciences, Piscataway, 
NJ, USA). Primary antibodies used were phospho-Stat3 
(1:1000), Bax (1:1000), GAPDH (1:2000) (Cell Signaling 
Technology, Boston, MA, USA) and the secondary anti-
bodies (ProteinTech, Chicago, IL, USA). Detection was 
carried out with the eECL Western Blot Kit (CWBIO, 
China). The band images were digitally captured and 
quantified with a ChemiDoc. XRS + system (Bio-Rad 
Laboratories, Hercules, CA, USA).

In vivo tumor xenograft
Ten female BALB/c nude mice (6-week-old) were main-
tained under specific pathogen-free conditions from 
the Nanjing Medical Experimental Animal Care Com-
mission. Transfected YT cells were harvested into two 
groups. 1 × 107 cells were subcutaneously injected into 
a single flank of each mouse. The mice were CO2 eutha-
nasia at a rate of 30% chamber volume/min using an 
euthanasia system according to AVMA Guidelines for the 
Euthanasia of Animals and all procedures complied with 
the animal care guidelines from the First Affiliated Hos-
pital of Zhengzhou University.

Immunohistochemistry
Immunohistochemistry was performed as previously 
described [29]. Sections were incubated with antibod-
ies: phospho-Stat3 (Ser473) (diluted 1:100; Cell Signaling 
Technology) and Ki-67 (diluted 1:50). Expression levels 
were scored using the mean optical density (AOD) by 
Image-Pro Plus 6.0.

TUNEL assay
We used TUNEL staining using a TUNEL Apoptosis 
Assay Kit (keyGen BioTECH, Nanjing, China)  following 
the manufacturer’s instruction.

Results
CircRNA profiling of NKTCL patients’ plasma
We performed microarrays to characterize the profiles 
of circRNAs in the plasma from 6 NKTCL patients and 
six healthy donors (Additional file 2). The results showed 
that 6137 up-regulated circRNAs and 6190 down-
regulated circRNAs with differential expression (FC 
value > 1.0). Scatter plot, Volcano map and cluster analy-
sis plot were drawn according to the results (see Fig. 1A–
C). According to the conditions of FC value > 2.0 and 
P < 0.05, the differentially expressed circRNA was further 
screened, of which 170 were up-regulated and 188 were 
down-regulated. The top five upregulated circRNAs are 

http://www.targetscan.org
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hsa_circ_0087631, hsa_circ_0045932, hsa_circ_0052372, 
hsa_circ_0005037, hsa_circ_0007059, of which circA-
DARB1 (ID hsa_circ_0005037 in circbase) was stably 
expressed and the difference was significant in small sam-
ple qPCR experiment (P = 0.029).

CircADARB1 is highly expressed in the plasma of NKTCL 
patients
The expressions of circADARB1 in plasma of 50 NKTCL 
patients and 50 healthy controls were measured by qRT-
PCR. The results suggested that circADARB1 was sig-
nificantly up-regulated in the plasma of NKTCL patients 
(P < 0.001) (Fig.  2A). The receiver operating character-
istic curve (ROC) was drawn, and the area under the 
curve (Area Under Curve, AUC) was calculated. The 
results showed (Fig. 2B) that the AUC was 0.742 ± 0.050 
(P < 0.001), the 95% confidence interval was (0.644, 
0.840), the sensitivity was 0.860, and the specificity was 
0.600. The results showed that the relative expression 
of circADARB1 in plasma may assist the diagnosis of 
NKTCL.

We next evaluated the association between circA-
DARB1 and clinical pathological parameters. The results 
showed that the relative expression of circADARB1 
was no statistically difference grouped by age, gender, B 

symptoms, stage, PINK-E prognostic index and ECOG 
score (Table  1). But the expression of circADARB1 was 
associated with efficacy (classified into CR + PR and 
SD + PD) (P = 0.041, Fig.  2C), and the relative expres-
sion of circADARB1 was higher in patients with SD 
and PD. The results suggest that circADARB1 may be a 
potential biomarker for predicting efficacy. Using the 
median expression level of circADARB1 as cutoff value, 
50 NKTCL patients were divided into two groups: high 
expression and low expression of circADARB1. Survival 
analysis was conducted based on follow-up data, and a 
3-year survival curve was drawn (Fig.  2D). The overall 
survival rates of the high- and low-expression group were 
60.1% and 82.9%, respectively, but the difference was not 
statistically significant (P = 0.153).

Knockdown of circADARB1 inhibits the proliferation 
and promotes apoptosis of NKTCL cell lines in vitro
According to the results of CCK-8, it was found that 
the proliferation of YT cells after the knockdown of 
circADARB1 was significantly lower than that of the 
control group (Fig. 3A, P = 0.001 on day 7), and simi-
lar results were found in SNK-6 (Fig. 3A, P = 0.043 on 
day 5, P = 0.047 on day 7). The results showed that 
after knockdown of circADARB1, the proliferation of 
NKTCL cells decreased.

Fig. 1  Differential expression of circRNA in NKTCL patients and healthy controls. A Scatter plot; The CircRNAs above the top green line and below 
the bottom green line indicated more than 2.0-fold change of circRNAs between the two groups. B Volcano plot; The vertical lines correspond to 
a 2.0-fold increase and decrease, respectively, and the horizontal line represents a p-value of 0.05. The red dots represent circRNAs with statistically 
significant differential expression. C Hierarchical clustering; Hierarchical clustering was performed based on all targets value. The result of 
hierarchical clustering shows a distinguishable circRNA expression profiling among samples
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The cell apoptosis analysis showed that the apoptosis 
rate of YT cells [(14.63 ± 0.3033) %] with knockdown 
of circADRB1 was significantly higher than that of 
control group [(7.803 ± 0.8872) %] (Fig. 3B, P = 0.002). 
The results were similar in SNK-6 (Fig. 3B, P = 0.010). 
The western blot results showed an increase in Bax 
protein expression after knockdown of circADARB1 
(Fig. 3C). The results indicated that knockdown of cir-
cADARB1 promoted apoptosis of NKTCL cells.

Knockdown of circADARB1 inhibits the proliferation 
of NKTCL cells in vivo
The transfected YT cells were inoculated into the right 
armpit of nude mice to establish the NKTCL tumor-
bearing mouse models. The tumor volumes in the knock-
down of circADARB1 group were significantly smaller 
(Fig. 4A), and weight of tumors was lighter in comparison 
with control group (P = 0.019, Fig. 4B). The results show 
that the knockdown of circADARB1 can inhibit the pro-
liferation of NKTCL cells in vivo. The relative expression 
of circADARB1 from knockdown group was significantly 
lower than that of the control group (P < 0.001, Addi-
tional file 1: Fig. S1A).

Fig. 2  Analysis of relative expression of circADARB1 and clinical data of NKTCL patients. A Comparison of the relative expression of circADARB1 in 
the plasma of NKTCL patients and healthy controls; B ROC curve of circADARB1; C Comparison of the relative expression of circADARB1 in NKTCL 
patients with different efficacy; D three-year survival curve. *P < 0.05, ***P < 0.001
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The results of TUNEL assay (Fig.  4C) showed that 
the tissues from knockdown group was positive while 
the control group was weakly positive (Additional 
file  1: Fig. S1B, P = 0.013). The Ki-67 in the knock-
down group was weakly positive while the Ki-67 in the 
control group was positive (Fig.  4C, Additional file  1: 
Fig. S1C, P = 0.032).

circADARB1 serves as a sponge for miR‑214 
and downstream signaling STAT3
Through TargetScan and miRanda bioinformatics analy-
sis, it is predicted that circADARB1 can combine with 
miR-214-3p (Fig. 5A) to act as a competitive endogenous 
RNA and play the role of “miRNA sponge”.

To further explore the relationship, wild-type and 
mutant plasmids of circADARB1 (Fig. 5B) were designed 
based on the co-binding sites of circADARB1 and miR-
214-3p, and a dual luciferase reporter assay was con-
ducted. The results showed that after co-transfection 
of wild-type circADARB1 and miR-214-3p mimic, the 
relative luciferase activity was significantly reduced 
(P = 0.010) comparing with co-transfection of mutant 
circADARB1 and miR-214-3p mimic group. There was 
no significant difference between the mutant and control 
mimic groups (Fig.  5C). The experimental results indi-
cated that circADARB1 interacts with miR-214-3p.

We analyzed the targets of miR-214-3p using bioinfor-
matics tools ENCORI and Targetscan and predicted that 
miR-214-3p could bind to STAT3 in combination with 
the analysis of important NKTCL signaling pathways in 
previous studies.

Then we detected p-Stat3 expression by Western Blot 
(Fig.  5D). The results showed that after knockdown of 
circADARB1, the expression of p-Stat3 in both YT and 
SNK-6 was reduced. Immunohistochemical detection of 
p-Stat3 was performed in nude mice in vivo model tumor 
tissue. It was found that p-Stat3 was strongly positive in 

Table 1  Relationship between the relative expression of 
circADARB1 in plasma of NKTCL patients and the characteristics 
of clinical data

Clinical characteristics Group Cases P-value

Age  < 60 43 0.584

 ≥ 60 7

Sex Male 32 0.613

Female 18

B symptom With 26 0.497

Without 24

Stage I–II 38 0.525

III–IV 12

PINK-E Low 40 0.933

Intermediate 
and High

10

ECOG 0–2 44 0.610

3–5 6

Response to therapy CR, PR 37 0.041

SD, PD 13

Fig. 3  Functional experiments after transfection of NKTCL cells. A CCK-8 experiment in YT and SNK-6 (from 1 to 7 days) cells; B Apoptosis 
experiment results of NC-circADARB1 and sh-circADARB1 transfected YT and SNK-6 cells. C Western Blot detection of Bax in NC-circADARB1 and 
sh-circADARB1 transfected YT and SNK-6 cells. Note: sh-circADARB1 stands for the knockdown of circADARB1; NC-circADARB1 stands for transfected 
with control vectors. *P < 0.05, **P < 0.01
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control group and was reduced in knockdown of circA-
DARB1 group (Fig. 5E).

Discussion
NKTCL is a rare subtype of NHL with the characteristics 
of aggressive invasiveness and rapid progress. The occur-
rence of NKTCL has obvious geographical characteris-
tics, and it is more common in East Asia [1]. Its incidence 
in China is about 11% of lymphomas [32]. NKTCL has 
a poor prognosis, with a median survival of 59  months 
and a median progression-free survival of 20  months 

[33]. CircRNA is a member of non-coding RNA. Due to 
its circular structure, it has unique biological properties 
that make it suitable as a biomarker. Therefore, this study 
aims to explore the possibility of circular RNA in NKTCL 
as a new molecular biomarker.

There are a lot of abnormally expressed circRNAs in 
the plasma or serum of tumor patients. Li et  al. [34] 
found that many circRNAs are presented in serum 
exosomes and thus have the potential to be circulating 
biomarkers in cancer diagnosis. Hang et al. [35] found 
circFARSA may promote lung cancer development by 

Fig. 4  Knockdown of circADARB1 inhibits the proliferation of NKTCL cells in vivo; A Volume of subcutaneous tumor formation in nude mice 
between NC-circADARB1 and sh-circADARB1 group; B Comparison of the quality of subcutaneous tumor formation between NC-circADARB1 and 
sh-circADARB1 group; C Ki-67 and TUNEL assay of nude mice tumor formation experiment between NC-circADARB1 and sh-circADARB1 group. 
sh-circADARB1 stands for the knockdown of circADARB1; NC-circADARB1 stands for transfected with control vectors.*P < 0.05



Page 8 of 11Mei et al. Cancer Cell Int          (2021) 21:594 

sponging miR-330-5p/miR-326 and attenuating their 
repression of FASN. They also found higher abundance 
of circFARSA in plasma than in plasma exosomes. 
They therefore speculated that there may be other 
ways to release circFARSA into the circulation [35]. 
Fan et al. [36] reported that hsa_circ_0001946 is highly 
expressed in patients’ preoperative plasma and corre-
lates with recurrence rates in ESCC patients. Xu et al. 
[37] figured out that hsa_circ_0005037 (circADARB1) 
is downregulated in colorectal cancer tissues. In a 
previous study by our group, we found that circCDYL 
was highly expressed in the plasma of mantle cell lym-
phoma patients compared to healthy donors [38].

In this study, the expression levels of circADARB1 
were significantly higher in plasma of NKTCL patients 
and correlated with the response to therapy, i.e., the rel-
ative expression of circADARB1 was higher in plasma 
of patients with SD or PD. The results of our study sug-
gest that circADARB1 may be an auxiliary diagnostic 
and predictive marker for efficacy.

To explore the biological function of circADARB1 
in NKTCL, we performed experiments in  vitro and 
in vivo. We found that the knockdown of circADARB1 
inhibits the proliferation of NKTCL  cells and pro-
motes apoptosis. The result was similar in subcutane-
ous tumor xenograft in nude mice, which indicates that 

circADARB1 has a role in promoting tumor growth in 
NKTCL, and circADARB1 has the potential as a thera-
peutic target for NKTCL.

In this study, circADARB1 was found to bind to miR-
214-3p by bioinformatic analysis, as evidenced by the use 
of a dual luciferase reporter assay. Previous experiments 
have shown that miR-214 is significantly increased in 
activated T cells and can reduce the expression of Pten 
[39]. miR-214 can bind to the 3′UTR of Twist mRNA, 
thereby inhibiting the expression of epithelial-mesen-
chymal transition related gene TWIST and regulating 
the metastasis of intrahepatic cholangiocarcinoma [40]. 
The inhibition of NF-κB increase the expression of miR-
214 in hepatocellular carcinoma, suggesting that NF-κB 
maybe a negative regulator of miR-214 expression [41]. In 
different tumors, miR-214 exhibits dual effects of promo-
tion or suppression of malignant tumor, indicating that it 
has a complex biological mechanism during tumorigen-
esis [42]. miR-214 is significantly increased in patients 
with Sezary Syndrome of cutaneous T-cell lymphoma 
[43], and miR-214 inhibits apoptosis of cutaneous T-cell 
lymphoma cell line HUT78 [44]. The level of miR-214 is 
significantly higher than that of healthy donors, and miR-
214 is expected to be a therapeutic target for cutaneous 
T-cell lymphoma [45]. Currently, there are no reports on 
miR-214 in NKTCL yet.

Fig. 5  Downstream of circADARB1. A Analysis of circADARB1 and miR-214-3p binding sites; B Dual luciferase reporter design for miR-214-3p 
and circADARB1 target site; C Relative luciferase activity reported by circADARB1 and miR-214-3p dual luciferase reporter assay; D Western Blot 
detection of p-Stat3; E p-Stat3 immunohistochemistry in animal experiments. Note: sh-circADARB1 stands for the knockdown of circADARB1; 
NC-circADARB1 stands for transfected with control vectors. *P < 0.05, **P < 0.01
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For the downstream proteins, we predicted the target 
of miR-214-3p through a combination of bioinformatics 
and the results of important signaling pathways in the 
previous NKTCL research. We found the binding site 
between miR-214-3p and STAT3. p-Stat3 is the acti-
vated form of Stat3. In this study, knocking down cir-
cADARB1 would reduce the expression of p-Stat3. The 
mechanism by which p-Stat3 exerts its biological func-
tions. Previous studies have found that in the analysis 
of transcriptome differences between NKTCL and nor-
mal NK cells, STAT3 is a highly differentially expressed 
transcription factor in NKTCL [46]. In NKTCL, p-Stat3 
is highly expressed in patient samples and cell lines, 
indicating that p-Stat3 plays an important role in the 
occurrence and development of NKTCL [47]. The main 
reason for the abnormally high expression of p-Stat3 is 
the mutation of STAT3 [48] and the activation of JAK/
STAT3 pathway [49]. The mutation rate of the SH2 
domain of STAT3 in NKTCL was 5.9%, and cell lines 
with this mutation were found to up-regulate p-Stat3 
[48]. Another study obtained results with higher muta-
tion rates. The rate of missense mutations of STAT3 in 
NKTCL was 18.9%, and the silent mutations was 5.4%. 
Among all patients with STAT3 missense mutations, 
the expression of p-Stat3 shows higher [49]. The expres-
sion profile of JAK/STAT3 pathway in NKTCL patient 
tissues and normal NK cells was significantly different, 
and further affected multiple cell functions [50]. These 
studies have shown that the abnormally high expression 
of p-Stat3 plays an important role in the development of 
NKTCL. In peripheral T-cell lymphoma cell line Hut78, 
knocking down STAT3 reduced Bcl-XL expression and 
promoting apoptosis [51]. In ALK + anaplastic large 
cell lymphoma, a strong correlation was found between 
the positive expression of p-Stat3 and the expression of 
Survivin [52]. STAT3, as an oncogene of transcription 
factors, can regulate the expression of MYC, VEGFA, 
BCL2L1, BIRC5, HGF, MMP2, MMP9, and CDK5, sug-
gesting its pathogenesis in NKTCL [50]. In this study, 
the results showed that circADARB1 regulated miR-
214-3p and p-Stat3, thereby promoting the prolifera-
tion of NKTCL cells. It supplemented and expanded 
the previous researches on p-Stat3 in NKTCL.

This study is an attempt to find biomarkers in plasma 
circular RNA. It is proposed that circADARB1 may 
become a potential biomarker of NKTCL, which is a 
supplement to previous studies on NKTCL. However, 
this study still has certain limitations. This trial lacks 
the design of prospective clinical studies to verify the 
validity of circRNA as a biomarker. Since this study 
only involved Chinese NKTCL patients, there might 
be a population bias. In addition, the other targets or 

the biological mechanism of miR-214 is also not fully 
understood. Other biological functions of circADARB1 
besides the function of “miRNA sponge” also need to 
be further explored.

In conclusion, circADARB1 is highly expressed in 
the plasma of NKTCL patients and is a potential bio-
marker for adjuvant diagnosis and prediction of effi-
cacy. Knockdown of circADARB1 inhibits NKTCL cell 
proliferation in vitro and in vivo. circADARB1 binds up 
to miR-214-3p and regulates p-Stat3.
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