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Objective: This study aimed to investigate the role and mechanism of 
circular RNA PVT1 (circPVT1) in patients with acute myeloid leukemia 
(AML). 

Materials and Methods: The expression of circPVT1 in 23 patients 
with de novo AML (not acute promyelocytic leukemia, not APL) and cell 
lines were detected by RT-qPCR. Loss of function assays were carried 
out to explore the influence of silenced circPVT1 on the proliferation, 
migration, and apoptosis in the THP-1 cell line. CCK-8 assays, trans-
well assays, and annexin V/PI staining assays were performed to assess 
proliferation, migration, and apoptosis, respectively. 

Results: CircPVT1 was highly expressed in AML patients and myeloid 
cell lines compared to healthy controls. Higher expression of circPVT1 
was related to shorter overall survival (OS) and relapse-free survival 
(RFS) in AML patients. Cell viability and migration were inhibited and 
apoptosis was increased when circPVT1 was knocked down in THP-1 
cells. Knockdown of circPVT1 resulted in marked suppression of c-Myc 
protein with no significant change in mRNA levels. We also found 
that circPVT1 knockdown markedly increased the phosphorylation 
of c-Myc Thr-58, which was responsible for c-Myc degradation. 
Silencing of c-Myc caused a significant decrease in CXCR4 mRNA and 
protein expression, whereas the overexpression of c-Myc caused the 
opposite result, suggesting that CXCR4 is a target molecule of c-Myc. 
Finally, we found that overexpression of c-Myc could partially reverse 
circPVT1 knockdown-induced anti-tumor effects on THP-1 cells in 
vitro.

Conclusion: Our findings showed that circPVT1 was highly expressed 
in AML patients and was related to shorter OS and RFS. CircPVT1 may 
exert an oncogenic effect in THP-1 cells by stabilizing c-Myc protein 

Amaç: Bu çalışma, akut myeloid lösemili (AML) hastalarda dairesel 
RNA PVT1’in (circPVT1) rolünü ve mekanizmasını araştırmayı amaçladı.

Gereç ve Yöntemler: De novo AML’li (akut promyelositik lösemi 
olmayan, APL olmayan) 23 hastada circPVT1 ifadesi ve hücre dizileri 
RT-qPCR ile saptandı. THP-1 hücre hattında susturulmuş circPVT1’in 
hücre çoğalması, göçü ve ölümü üzerindeki etkisini araştırmak için 
fonksiyon kaybı analizleri yapıldı. Sırasıyla hücre çoğalması, göçü 
ve yok edilmesini değerlendirmek için CCK-8 deneyleri, trans-kuyu 
deneyleri ve annexin V/PI boyama deneyleri yapıldı.

Bulgular: CircPVT1, sağlıklı kontrollerle karşılaştırıldığında AML 
hastalarında ve miyeloid hücre hatlarında yüksek oranda ifade 
edildi. CircPVT1’in daha yüksek ifadesi, AML hastalarında daha kısa 
genel sağkalım (GS) ve hastalıksız sağkalım (HsS) ile ilişkiliydi. THP-1 
hücrelerinde CircPVT1 devre dışı bırakıldığında hücre canlılığı ve göçü 
inhibe edildi ve ölümü arttı. CircPVT1’in yıkılması, mRNA seviyelerinde 
önemli bir değişiklik olmadan c-Myc protein ifadesinin belirgin bir 
şekilde bastırılmasına neden oldu. Ayrıca CircPVT1 yıkımının, c-Myc 
bozulmasından sorumlu olan c-Myc Thr-58’in fosforilasyonunu 
belirgin şekilde artırdığını da bulduk. c-Myc’nin susturulması, CXCR4 
mRNA’sında ve protein ifadesinde önemli bir azalmaya neden olurken, 
c-Myc’nin aşırı ifadesi ise CXCR4’ün c-Myc’nin bir hedef molekülü 
olarak belirgin ifadesi ile tam zıt etkiye neden oldu. Son olarak, 
c-Myc’nin aşırı ifadesinin, in vitro THP-1 hücreleri üzerindeki CircPVT1 
ifadesinin azaltılması ile uyarılan anti-tümör etkilerini kısmen tersine 
çevirebileceğini bulduk.

Sonuç: Bulgularımız, CircPVT1’in AML hastalarında yüksek oranda 
ifade edildiğini ve daha kısa GS ve HsS ile ilişkili olduğunu gösterdi. 
CircPVT1, c-Myc protein ifadesinin stabilizasyonu ve hedef CXCR4 
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Introduction

Acute myeloid leukemia (AML) is a highly aggressive 
heterogeneous hematological malignancy of myeloid blasts 
characterized by clonal expansion of leukemic stem cells. The 
median age at diagnosis is 67 years [1], with half of patients 
diagnosed at 70 years or older [2]. Over the past decades, the 
outcomes of transplantation and some targeted therapeutics 
have progressed significantly beyond those of conventional 
chemotherapy [3,4]. However, the 5-year overall survival (OS) 
rate remains at 30% and at only 10% for older patients [5,6]. 
This highlights the need for novel therapeutic options for 
patients for AML.

Increasing reports have indicated that the dysregulation of 
epigenetic mechanisms plays critical roles in leukemogenesis 
[7,8,9]. Circular RNAs (circRNAs), an emerging type of cellular 
long non-coding RNAs (lncRNAs), have attracted much attention 
recently. They are covalently closed loop-like structure with 
their 5′ and 3′ ends joined together [10]. This circular structure 
enhances the stability of circRNAs because of resistance to cellular 
linear RNA decay machineries [11]. Evidence has suggested that 
circRNAs play critical roles in cell proliferation, apoptosis, cell 
cycle regulation, and metastasis [11,12]. The plasmacytoma 
variant translocation 1 (PVT1) gene is located on chromosome 
band 8q24.21 and encodes for both linear lncRNA and circRNAs 
isoforms [13]. Recently, Chen and Chen [14] reported that 
circular RNA PVT1 (circPVT1) expression was upregulated in de 
novo AML patients in correlation with shorter survival. However, 
the mechanisms of circPVT1 in AML remain unclear. 

MYC is a common oncogene that encodes the transcription 
factor c-Myc protein and is involved in many important 
biological functions, such as migration, adhesion, proliferation, 
and apoptosis [15,16,17]. The c-Myc protein has been reported 
to be overexpressed in many cancers, including AML [16,18,19]. 
MYC is located only 53 kb upstream of the PVT1 gene [20]. High 
expression of PVT1 is capable of stabilizing c-Myc expression 
by preventing phosphorylation [21]. Some data have suggested 
that circPVT1 is also able to stabilize c-Myc protein expression 
[12,13]. However, the relationship and mechanism between 
circPVT1 and c-Myc in cases of AML remain unclear.

In the present study, we demonstrate that circPVT1 expression 
is significantly increased in AML patients. CircPVT1 is shown to 
promote CXCR4 protein expression by stabilizing c-Myc protein 
expression, thus regulating the proliferation, migration, and 
apoptosis of THP-1 cells.

Materials and Methods

Patients and Treatments

A total of 23 patients with de novo AML (not acute promyelocytic 
leukemia, not APL) and 20 healthy bone marrow donors 
admitted to The First Affiliated Hospital of Zhejiang Chinese 
Medical University from January 2019 to December 2021 were 
enrolled in this study. AML was diagnosed according to the 
AML classification of the World Health Organization. The bone 
marrow mononuclear cells (BMMCs) of samples were isolated 
using the Ficoll-Hypaque gradient centrifugation method and 
stored at -80 °C for further analysis. In addition, demographic 
and clinical data were collected, including age, gender, white 
blood cell count, French-American-British classification, 
cytogenetic characteristics, molecular abnormalities, risk 
stratification, and outcomes. Written informed consent was 
provided by all participants. This study was approved by the 
Research Ethics Committee of the relevant hospital. 

All patients received treatment according to the 2021 Chinese 
guidelines for the diagnosis and treatment of adult AML (not 
APL) [22]. Younger patients (<60 years old) with AML received 
induction therapy in the form of standard 3+7 regimens, 
such as IA (idarubicin and cytarabine), DA (daunorubicin and 
cytarabine), or HAA (homoharringtonine, aclarubicin, and 
cytarabine) regimens. Patients in complete remission (CR) 
were offered consolidation treatments of intermediate to 
high doses of cytarabine or allogeneic hematopoietic stem cell 
transplantation (allo-HSCT) according to their risk classifications. 
Patients without CR received reinduction therapy followed by 
consolidation chemotherapy or allo-HSCT. Based on their age, 
performance status, and comorbidities, elderly patients (≥60 
years old) received intensive therapies (such as 3+7 regimens 
with intermediate-dose cytarabine) or non-intensive therapies 
(low-intensity chemotherapy, hypomethylating agents, 
venetoclax, or other new drugs).

Follow-Up and Survival Assessment

To assess the predictive effect of circPVT1 expression levels on 
prognosis, we collected clinical outcome information for all 
patients. All patients were followed until death or the end of 
this study in August 2022. OS was defined as the time from 
diagnosis to the time of death by any cause or last follow-
up. Relapse-free survival (RFS) was defined as the time from 
diagnosis to the time of relapse or death from any cause or 
last-follow up.

expression and downstream target CXCR4 expression. These data 
indicate that circPVT1 may be a promising therapeutic target for AML.

Keywords: Acute myeloid leukemia, CircPVT1, c-Myc, CXCR4

ifadesinin baskılanması ile THP-1 hücrelerinde onkojenik etkide artış 
sağlayabilir. Bu veriler, CircPVT1’in AML için umut verici bir terapötik 
hedef olabileceğini göstermektedir.

Anahtar Sözcükler: Akut myeloid lösemi, CircPVT1, c-Myc, CXCR4
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Cell Cultures and Transfection

The AML THP-1 cell line was a gift from the Institute of 
Hematology at the China Academy of Chinese Medical Sciences 
(Beijing, China). THP-1 cells were cultured in PRMI-1640 (Gibco 
Invitrogen, Grand Island, NY, USA) containing 10% fetal bovine 
serum (FBS; Gibco, USA) at 37 °C with 5% CO2.

The small interfering RNA targeting circPVT1 (si-circPVT1) or 
c-Myc (si-Myc) and a negative control (si-NC) were designed 
and constructed by GenePharma Co., Ltd. (Shanghai, China). The 
si-circPVT1, si-Myc, and si-NC were then inserted into pGPU6 
plasmid vectors. The c-Myc overexpression plasmid (oe-Myc) 
and control overexpression plasmid (oe-NC) were constructed 
using the pcDNA3.1 plasmid vector (Invitrogen, Waltham, MA, 
USA). The plasmids were transfected into THP-1 cells with 
Lipofectamine 3000 (Thermo Fisher Scientific, Waltham, MA, 
USA). After transfection, the expression of circ-PVT1 or c-Myc 
in THP-1 cells was determined by RT-qPCR at 24 h. After 48 h, 
cells were collected for the analysis described below.

Reverse Transcription Quantitative PCR (RT-qPCR)

Total RNA was isolated using the TRIzol reagent (Sangon, 
Shanghai, China) from either patient samples or cultured 
cells. Linear RNA was removed from the total RNA with RNase 
R (Sigma, St. Louis, MO, USA). Reverse transcription was then 
performed using the HiFiScript cDNA Synthesis Kit (CWBIO, 
Jiangsu, China). RT-qPCR was carried out with the Bio-Rad 
CFX Connect PCR thermal cycler (Bio-Rad, Hercules, CA, USA) 
using SYBR Premix Ex Taq II (Takara, Shiga, Japan) according to 
the manufacturer’s guidelines. The relative levels of RNAs were 
measured with GAPDH as an internal control using the 2-△△t 

method. The primers of circPVT1 (chr8: 129108763-129113499, 
411 bp) were described in a previous study [23]. The primers used 
here for RT-qPCR are listed in Table 1.

Western Blot 

Cells were lysed using RIPA lysis buffer (Beyotime Institute of 
Biotechnology, Shanghai, China) supplemented with protease and 
phosphatase inhibitors for 30 min on ice and then centrifuged 
at 12,000x g for 30 min at 4 °C. Protein was quantified using 
the BCA Protein Assay Kit (Solarbio, Beijing, China), and then 30 
µg of protein was loaded and separated via 10% SDS PAGE and 
transferred to PVDF membranes (Millipore, Darmstadt, Germany). 
Membranes were blocked with 5% non-fat milk at room 

temperature for 90 min. The membranes were then incubated with 
primary antibodies against c-Myc (1:500; Affinity Biosciences, 
Cincinnati, OH, USA), CXCR4 (1:250; Santa Cruz Biotechnology, 
Santa Cruz, CA, USA), and GAPDH (1:3000, Affinity Biosciences, 
USA) at 4 °C overnight. Following three rinses with TBST for 10 
min, the membranes were incubated with HRP-conjugated goat 
anti-rabbit IgG secondary antibody (1:5000, Affinity Biosciences, 
USA) at room temperature for 1 h. Protein bands were visualized 
with Western Lightning Plus enhanced chemiluminescence 
reagent (PerkinElmer, Waltham, MA, USA). Results were analyzed 
with a Tanon 5500 chemiluminescence device (Tanon Co. Ltd., 
Shanghai, China).

Trans-Well Assays

Trans-well assays were performed for the detection of 
the migration ability of THP-1 cells using 8-µm-pore 
polycarbonate membrane inserts (Sigma-Aldrich, St. Louis, 
MO, USA). Briefly, 5x105 cells suspended in 100 µL of medium 
were loaded into the upper chamber while 600 µL of medium 
containing 100 ng/mL SDF-1α or not (baseline control) was 
added to the lower chamber. Four hours later, cells that had 
migrated into the lower chamber were collected and counted 
by flow cytometry (BD Pharmingen, San Jose, CA, USA) at high 
flow for 20 s. Results were reported as migration index values, 
representing the ratio of the number of cells that migrated in 
the presence of the chemoattractant to the number of cells 
that migrated without the chemoattractant.

Cell Proliferation Assay

Cell proliferation was assessed using the Cell Counting Kit-
8 (CCK-8) assay (MedChemExpress, Monmouth Junction, NJ, 
USA). In brief, 100 µL of the suspension (1x104 cells per well) was 
seeded into 96-well plates and cultured in a CO2 incubator at 37 
°C for 24, 48, or 72 h. Subsequently, 10 µL of CCK-8 solution was 
added to each well. After incubation for 4 h, the absorbance 
was quantified with a microplate reader (Molecular Devices, San 
Jose, CA, USA) at 450 nm.

Apoptosis Assay 

The Annexin V-FITC Apoptosis Detection Kit (BD, San Jose, 
CA, USA) was used for apoptosis assays. According to 
the manufacturer’s protocol, THP-1 cells were harvested, 
resuspended in 100 µL of binding buffer, and incubated with 5 
µL of annexin V-FITC and 10 µL of propidium iodide (PI) for 15 
min in the dark at room temperature. Subsequently, 400 µL of 

Table 1. Primer sequences.
Gene Forward (5’-3’) Reverse (5’-3’)

circPVT1 TTGCTTCTCCTGTTGCTGCTA GCTGTAAGAATCCATGAGGCATT

c-Myc GGATTCCCGCCTCAGAATAAC GTGGGTGTGGGTTGTTCAGG

CXCR4 ACTACACCGAGGAAATGGGCT CCCACAATGCCAGTTAAGAAGA

GAPDH TGTGGGCATCAATGGATTTGG ACACCATGTATTCCGGGTCAAT
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binding buffer was added and stained cells were evaluated by 
flow cytometry after 1 h.

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics 
22.0 (IBM Corp., Armonk, NY, USA). OS and RFS were calculated 
using the Kaplan-Meier method and the groups were compared 
using the log-rank test. All other data were recorded as values 
of mean ± standard deviation from at least three individual 
experiments. Comparisons were performed by one-way analysis 
of variance (ANOVA) or two-tailed, unpaired Student t-tests. 
Values of p<0.05 were considered to be significant. 

Results

Expression of CircPVT1 in AML Patients and Its Clinical 
Significance  

We first evaluated the expression levels of circPVT1 in BMMCs 
from 23 patients with de novo AML (clinical data are provided 
in Table 2) and 20 healthy control volunteers by RT-qPCR. We 
found that circPVT1 was significantly upregulated in AML 
patients compared to the healthy control group (p<0.01; Figure 
1a). At the same time, we also measured the expression levels 
of circPVT1 in AML cell lines and normal control CD34+ cells. 
As shown in Figure 1b, circPVT1 was highly expressed in most 
AML cell lines (KG-1a, HL-60, and THP-1) compared to normal 
control cells. Since the expression of circPVT1 was highest in 
patients with the M5 subgroup of AML and in THP-1 cells, the 
THP-1 cell line was selected for the following experiments.

To assess the clinical significance of circPVT1, AML patients were 
stratified into a high-expression group (>1.326) and a low-
expression group (<1.326) based on circPVT1 expression before 
treatment, separated by the median level. As shown in Figures 
1c and 1d, higher expression of circPVT1 was associated with 
shorter 3-year OS (18.2±14.8% vs. 62.5±15.5%, p=0.027) and 
3-year RFS (18.2±11.6% vs. 29.2±16.2%, p=0.047) by Kaplan-
Meier analysis. Our results indicated that circPVT1 expression 
levels were upregulated in AML patients in association with 
poor prognosis.

CircPVT1 Knockdown Inhibits Cell Viability and Migration and 
Induces Cell Apoptosis

To evaluate the biological roles of circPVT1 in AML, we 
performed loss-of-function experiments with the THP-1 cell 
line by transfection with special siRNA. We designed three 
siRNA sequences, respectively referred to as si-circPVT1 #1, 
#2, and #3, but only si-circPVT1 #2 showed satisfactory 
knockdown efficiency. Therefore, si circPVT1 #2 was used for 
the following transfections and referred to as si-circPVT1. The 
expression of circPVT1 was significantly downregulated in the 
si-circPVT1 group compared to the control groups, indicating 

successful knockdown (p<0.01; Figure 2a). We then performed 
experiments to monitor the biological activities of THP-1 
cells, including proliferation, migration, and apoptosis. CCK-8 
assays showed that cell viability in the si-circPVT1 group was 
obviously weakened compared to that in the si-NC or control 
group (p<0.01; Figure 2b). Trans-well assays indicated that the 
silencing of circPVT1 markedly suppressed cell migration (p<0.01; 
Figure 2c). Meanwhile, as detected by annexin V/PI staining, the 
knockdown of circPVT1 induced apoptosis in THP-1 cells (p<0.01, 
Figure 2d). 

CircPVT1 Stabilizes c-Myc Protein Expression 

It is known that the human PVT1 and MYC genes are both 
located at the 8q24 locus [20], and many reports have provided 
strong evidence that PVT1 promotes c-Myc protein expression 
by inhibiting the degradation and phosphorylation of the Thr-58 
site on c-Myc [24,25,26]. Thus, we investigated the relationship 
between circPVT1 and c-Myc. When circPVT1 was knocked down 
by siRNA, decreased c-Myc protein expression (Figure 3a) was 
found without significant changes in mRNA levels (Figure 3b). 
At the same time, our results showed increased phosphorylated 
c-Myc Thr-58 expression after the knockdown of circPVT1 
(p<0.01; Figure 3a). These results indicated that circPVT1 may 
stabilize c-Myc protein expression by decreasing the c-Myc 
phosphorylation level at Thr-58 to prevent its degradation.

CircPVT1 Regulates Cell Proliferation, Migration, and Apoptosis 
by Modulating the Expression of CXCR4

PVT1 was reported to participate in the downstream signaling 
pathway of c-Myc by regulating key molecules [20]. Therefore, 
we investigated the possibility of a similar mechanism for 
cirPVT1. Our previous study revealed that the CXCR4 protein 
mediates biological functions such as leukemia cell migration, 
proliferation, and apoptosis [27,28]. It was also reported that 
blocking c-Myc expression significantly downregulated CXCR4 
expression [29]. This suggests that CXCR4 is one of the potential 
targets of c-Myc. We further explored whether circPVT1 
promotes leukemogenesis by stabilizing c-Myc expression and 
regulating downstream CXCR4. First, we verified the efficiency 
of c-Myc knockdown and overexpression by using RT-qPCR and 
western blotting (Figures 4a and 4c). Our results showed that 
overexpression of c-Myc markedly reduced CXCR4 mRNA and 
protein expression, while downregulation of c-Myc caused the 
opposite results (Figure 4b and 4c). Meanwhile, we found that 
the knockdown of circPVT1 inhibited CXCR4 expression (Figures 
4d and 4e), while simultaneous overexpression of c-Myc 
could partially reverse CXCR4 expression (Figures 4d and 4e). 
In functional experiments, we found that the knockdown of 
circPVT1 suppressed the proliferation and migration and induced 
the apoptosis of THP-1 cells, which was partially reversed by 
c-Myc overexpression (Figures 5a-5d). These results indicate 
that circPVT1 regulated THP-1 cell proliferation, migration, 
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Table 2. Clinical characteristics of patients with acute myeloid leukemia. Molecular abnormalities testing panel included 72 
common gene mutations in myeloid tumors and 42 common acute leukemia fusion genes. Patients were stratified into high 
(>1.326) and low (<1.326) expression groups according to relative circPVT1 expression.

Patient 
number Gender Age 

(years)
WBC
(x109/L)

BM 
blasts 
(%)

FAB 
classification

Cytogenetics Molecular 
abnormalities

Relative circPVT1 
expression (high/
low group)

1 Female 59 2.3 35 M2

46, XX, del (5)(q13q33)[2]/45, 
idem, add (5)(q35), dic (12;17)
(p11.2;p11.2), -16, +mar[14]/45, 
idem, add (19)(p13.3)[3]/46, XX[1]

TP53 1.487 (high group)

2 Female 61 3 38.5 M1 46, XX WT1, NPM1 1.267 (low group)

3 Male 67 3.4 39 M1

46-47, XY, +1, add (1)(q11), add 
(1)(p13), inv (3)(q21q26.2), der 
(5), t (5;14)(p13;q13), add (6)
(q26), -7, -8, -9, del (11)(p13), 
ins (14;?), add (15)(q22), del (15)
(q22), del (15)(q11.2), der(16)
(p13.1), del (16)(q13q22), -18, 
add (18)(p11.2), +add (19)(q13.1), 
+mar1.+mar2, +mar3*2[CP12]

TP53, U2AF1 1.808 (high group)

4 Female 56 11.7 48.5 M2 46, XX, inv (16) (p13q22)
CBFβ-MYH11, c-kit, 
FLT3, NRAS, NF1, 
KMT2D

1.305 (low group)

5 Female 64 53.3 86.8 M1 46, XX TET2, ZRSR2 1.618 (high group)

6 Male 66 1.1 24.5 M2
47, XY, +X[4] /41-47, idem, der 
(5), t(5;12)(q15,q13), -7, +8, -12, 
-15, +1, -3mar [cp16]

TP53 1.762 (high group)

7 Female 67 53.5 95 M5 46, XX KRAS, SF3B1, WT1 0.661 (low group)

8 Female 69 1.96 45 M5 46, XX TP53 1.909 (high group)

9 Female 73 16.1 93.5 M1 46, XX 1.036 (low group)

10 Male 76 12.6 32.5 M1 46, XY ASXL1, SRSF2, ETV6, 
SETBP1, BSTAG2 1.410 (high group)

11 Male 60 2.4 21 M5 46, XY dupMLL, RUNX1, 
DNMT2A, IDH2 1.057 (low group)

12 Male 68 5.9 77 M5 47, XY, del (20)(q11), +21[10]/46, 
XY, del (20)(q11)

MLL-PTD, U2AF1, 
GATA2, ATM, WT1 1.475 (high group)

13 Female 74 101 97.5 M1 46, XX FLT3-ITD, NPM1, 
TET2, WT1 1.624 (high group)

14 Male 31 20.5 44 M0 46, XY, inv (3)(q21q26)[18]/46, 
idem, del (9)(q13q22)[2]

BCORL1, NF1, 
SF3B1, WT1 1.111 (low group)

15 Female 31 84.74 95 M5 46, XX
dupMLL, CDKN2B, 
FBXW7, FLT3-ITD, 
SETD2, WT1

1.569 (high group)

16 Female 45 16 85.5 M5 46, XX FLT3-ITD, NPM1 0.983 (low group)

17 Female 38 6.5 49 M2 46, XX CEBPA, GATA2, 
ABCB1 1.012 (low group)

18 Female 22 34.8 65 M2 46, XX, inv (16)(p13q22) CBFβ-MYH11 1.002 (low group)

19 Male 59 1 23 M5 47, XY, +8 ASXL2, IDH2, U2AF, 
FLT3-ITD, WT1 1.102 (low group)

20 Female 49 12.39 81.5 M1 47, XX, inv (9)(p12q13),+11 IDH2 1.618 (high group)

21 Female 39 8.7 75 M2 45, X, -X, t (8; 21)(q22; q22) RUNX1-RUNX1T1, 
JAK3 1.164 (low group)

22 Male 40 2.1 20 M1 46, XY, del (7)(q31) ASXL1, ETV6, U2AF1 1.011 (low group)

23 Female 63 125.98 76.5 M2 46, XX 1.505 (high group)

AML: Acute myeloid leukemia; WBC: white blood cells; BM: bone marrow; FAB: French-American-British.
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and apoptosis by stabilizing c-Myc protein expression and its 
downstream target molecule CXCR4. 

Discussion

AML is a deadly myeloid malignancy associated with 
poor outcomes. However, improved understanding of the 
molecular mechanisms in leukemogenesis has yielded some 
novel therapeutic targets [3]. In recent years, lncRNAs have 
been reported to play important roles in the progression of 
malignancies [30]. Some lncRNAs have already been proposed 
as diagnostic or prognostic markers, and some even serve as 
therapeutic targets [30,31,32]. CircRNAs have become a popular 
topic of research in the field of tumors [33,34], but their roles in 
hematological tumors have rarely been reported, and especially 
in cases of AML. In the present study, we focused on the role and 
mechanism of circPVT1 in AML.

The human PVT1 gene is located on chromosome band 8q24.21, 
which was identified as a locus of risk for many cancers including 
leukemia [20,35]. The PVT1 gene was reported to encode 
varieties of linear and circular lncRNAs, as well as 6 microRNAs 
[13]. LncRNA PVT1 is highly expressed in APL and promotes 
progression by modulating proliferation, differentiation, and cell 
cycle arrest [36,37]. In other AML subtypes, controversial results 

have been reported regarding PVT1 expression [13,38,39]. Only 
two studies to date have reported the expression of circPVT1 in 
AML patients and these results were inconsistent [12,14]. Hu 
et al. [12] reported that circPVT1 expression was significantly 
upregulated in ALL (48 patients) but not AML (20 patients) 
compared to normal controls (40 healthy volunteers). However, 
as reported by  Chen and Chen [14], circPVT1 was upregulated 
in 68 AML patients. This discrepancy may be due to the fact 
that different studies examined different circPVT1 isoforms. In 
our study, we found that circPVT1 was highly expressed in AML 
(not APL) patients. Higher expression levels of circPVT1 were 
correlated with shorter OS and RFS in AML patients. Our data 
indicate that circPVT1 may potentially serve as a new indicator 
of prognosis in AML.

CircPVT1 can act as an miRNA sponge to regulate gene 
expression and promote tumorigenesis in various types of cancer 
[12,40,41]. For example, circPVT1 promotes cell proliferation by 
regulating microRNA (miR)-125 in gastric cancer [40], and it also 
regulates cell proliferation and apoptosis by sponging up miR-
149 in epithelial ovarian cancer [41]. Another cancer-promoting 
mechanism of PVT1 involves interaction with its neighbor gene 
MYC. MYC, a proto-oncogene localized about 53 kb upstream 
of PVT1 [42], has a pivotal function in genomic instability, 
gene amplification, cellular proliferation, and the repression of 
apoptosis [43]. Previous studies have confirmed that the protein 
c-Myc, a key transcription factor encoded by the MYC gene, 
showed increased expression in various tumors, including AML 
[15,16,17]. It is currently believed that both linear and circular 
PVT1 can protect c-Myc from degradation [13,21]. Hu et al. [12] 
reported that circPVT1 may regulate proliferation and apoptosis 
through promotion of neighbor gene c-Myc and Bcl-2 protein 
expression in ALL cell lines. To date, however, no study has been 
reported on the mechanism of circPVT1 in AML. 

Since THP-1 cells showed the highest circPVT1 levels, this cell 
line was selected for the following experiments to explore 
the underlying molecular mechanism. We first found that 
knockdown of circPVT1 inhibited the proliferation and migration 
capacity of THP-1 cells while inducing apoptosis. Furthermore, 
the knockdown of circPVT1 caused a decrease in c-Myc protein 
expression while the mRNA of c-Myc was unaffected. Our results 
also showed that the knockdown of circPVT1 upregulated the 
expression of phosphorylated c-Myc Thr-58, which is often 
confirmed as an important pathway for c-Myc degradation in 
cases of many solid tumors. Subsequent experiments could use 
protein proteasome inhibitors to further clarify the underlying 
mechanism. Our results indicate that circPVT1 can stabilize 
c-Myc expression by preventing the phosphorylation of c-Myc 
Thr-58.

As it was previously reported that PVT1 participates in the 
downstream signaling pathways of c-Myc by regulating key 

Figure 1. CircPVT1 was overexpressed in acute myeloid leukemia 
(AML) in correlation with poor outcomes. a) Comparison of circPVT1 
expression in bone marrow mononuclear cells (BMMCs) from AML 
patients (n=23) and healthy donors (n=20). b) Comparison of 
circPVT1 in AML cell lines and normal control CD34+ cells from 
healthy donors. c) Comparison of estimated 3-year overall survival 
between patients with relatively high circPVT1 expression and 
relatively low circPVT1 expression (18.2±14.8% vs. 62.5±15.5%, 
p=0.027). d) Comparison of estimated 3-year relapse-free survival 
between patients with relatively high circPVT1 expression and 
relatively low circPVT1 expression (18.2±11.6% vs. 29.2±16.2%, 
p=0.047). *: p<0.05, **: p<0.01.
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molecules [20], we aimed to determine whether circPVT1 has a 
similar mechanism in AML. The inhibition of c-Myc expression 
was previously shown to cause a decrease in CXCR4 protein 
expression in AML cells, thus effectively eliminating leukemic 
cells [29], and our previous study found that CXCR4 expression 
was increased in AML patients and cell lines and that the 
inhibition of CXCR4 reduced cell proliferation and migration 
and induced cell apoptosis [28]. In the present study, we found 
that knockdown or overexpression of c-Myc caused a respective 
increase or decrease of CXCR4 expression, confirming that 
CXCR4 is a target molecule of c-Myc. We next investigated 
whether circPVT1 regulates CXCR4 expression by stabilizing 

c-Myc, thereby affecting cell proliferation, migration, and 
apoptosis. Our results confirmed that hypothesis and we found 
that the knockdown of circPVT1 significantly downregulated 
CXCR4 expression, while simultaneous overexpression of c-Myc 

Figure 3. CircPVT1 knockdown affected the stabilization of 
c-Myc. a) The knockdown of circPVT1 reduced c-Myc protein 
and increased phosphorylated c-Myc Thr-58 protein expression 
in THP-1 cells. b) The knockdown of circPVT1 did not affect the 
mRNA level of c-Myc. 

Figure 4. CircPVT1 knockdown decreased the expression of CXCR4, 
a downstream target of c-Myc. a) The efficiencies of c-Myc 
knockdown and overexpression in THP-1 cells were verified by RT-
qPCR. b) c-Myc knockdown and overexpression affected CXCR4 
mRNA levels. c) c-Myc knockdown and overexpression affected 
CXCR4 protein expression. CircPVT1 knockdown also reduced 
CXCR4 mRNA d) and protein e) expression, while simultaneous 
overexpression of c-Myc partially reversed this effect. *: p<0.05, 
**: p<0.01.

Figure 2. CircPVT1 knockdown suppressed cell proliferation and migration while inducing cell apoptosis. a) The efficiency of circPVT1 
knockdown in THP-1 cells was verified by RT-qPCR. b) CCK-8 analysis revealed that circPVT1 knockdown suppressed proliferation of THP-
1 cells. c) Trans-well assays showed that circPVT1 knockdown inhibited cell migration. d) Flow cytometry was performed to analyze cell 
apoptosis at 48 h in THP-1 cells. Data showed that circPVT1 knockdown induced cell apoptosis. *: p<0.05, **: p<0.01.
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could partially rescue CXCR4 expression. Finally, we found that 
overexpression of c-Myc could partially reverse the cellular 
functional changes caused by circPVT1 knockdown; in other 
words, cell proliferation and migration were partially restored 
and apoptosis was partially decreased. Thus, circPVT1 may 
stabilize c-Myc and promote its downstream target molecule of 
CXCR4, thereby affecting the biological functions of cells.

Conclusion

The findings of this study confirmed that circPVT1 was 
upregulated in patients with AML compared to healthy controls. 
Higher circPVT1 expression was also associated with shorter OS 
and RFS in AML patients. CircPVT1 enhances cell proliferation 
and migration while inhibiting cell apoptosis by stabilizing 
c-Myc and promoting its downstream CXCR4 expression in AML. 
Our data suggest that the novel circular RNA circPVT1 functions 
as an oncogene and may be a potential therapeutic target for 
AML.
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