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Abstract. Despite progress in the diagnosis and treatment of 
acute promyelocytic leukemia (APL), its prognosis remains 
poor. Multiple studies have shown that long non-coding RNAs 
(lncRNAs) are involved in carcinogenesis and metastasis. The 
present study assessed the function of the lncRNA zinc finger 
antisense 1 (ZFAS1) in APL. In a cohort of 33 patients, ZFAS1 
was significantly overexpressed compared with the level in 
healthy controls. To investigate the specific mechanisms of this 
upregulation, in vitro studies showed that silencing of ZFAS1 by 
small interfering RNA significantly inhibited cell proliferation 
in APL cells. Moreover, downregulation of ZFAS1 increased 
cellular apoptosis, decreased expression of B‑cell lymphoma‑2 
and of induced myeloid leukemia cell differentiation protein 
Mcl‑1, increased the expression of apoptosis regulator BAX 
and promoted the release of cytochrome c and Diablo homolog 
mitochondrial into the cytoplasm. In conclusion, these data 
indicate that ZFAS1 may serve as an oncogene in APL and 
may thus be a useful target for future clinical management.

Introduction

Acute promyelocytic leukemia (APL) is characterized by a 
balanced reciprocal translocation between chromosomes 15 
and 17, causing a fusion between promyelocytic leukemia 
(PML) and retinoic acid receptor α (1). Despite recent progress 
in the diagnosis and treatment of APL, its prognosis remains 
poor (2). Therefore, novel prognostic markers that are associ-
ated with APL progression would be of great clinical relevance.

Long non-coding RNAs (lncRNAs) refer to non-protein 
coding transcripts of >200 nucleotides in length, which are 

involved in a wide range of biological behaviors, including 
epigenetic regulation, chromatin modification, transcription 
and post-transcriptional processing (3-5). Increasing evidence 
has confirmed the role of lncRNAs in carcinogenesis, acting as 
proto‑oncogenes or tumor suppressor genes (6,7). For example, 
lncRNA growth arrest‑specific 5 and maternally expressed 3 
act as tumor suppressor genes, and metastasis associated lung 
adenocarcinoma transcript 1 and HOX transcript antisense 
RNA function as oncogenes (8-11). The newly identified 
lncRNA zinc finger antisense 1 (ZFAS1) is highly expressed in 
mammary glands and functions as a tumor suppressor gene in 
human breast cancer (12). Moreover, ZFAS1 is upregulated in 
colorectal cancer tissue and is an oncogene in hepatocellular 
carcinoma (13,14). To date, there have been several studies on 
the function of lncRNAs in APL. For example, lncRNA nuclear 
paraspeckle assembly transcript 1 (NEAT1) is involved in 
myeloid differentiation, which can be abrogated following the 
inhibition of NEAT1 (15). Moreover, lncRNA Pvt1 oncogene 
(PVT1) was found to be overexpressed in APL, and knock-
down of PVT1 led to suppression of MYC proto-oncogene 
bHLH transcription factor expression and cell viability (16). 
These findings implicated the potential role of lncRNAs in the 
development of APL. However, to the best of our knowledge, 
the role of ZFAS1 in APL has not yet been described.

The present study aimed to characterize the role and regu-
lation of ZFAS1 in APL. This is, to the best of our knowledge, 
the first study to demonstrate the potential function of ZFAS1 
in APL. The findings from this study may provide novel 
insights into the mechanisms of APL progression.

Materials and methods

Clinical samples. A total of 59 peripheral blood samples 
were collected with informed consent. This included 33 
samples from patients with APL (mean age ± standard 
deviation, 62.4±4.8 years) collected at the time of diagnosis 
and 26 samples from healthy donors (mean age, 47 years). 
The peripheral blood mononuclear cells of APL samples were 
isolated using Ficoll-Hypaque gradient centrifugation method 
(d=1.077 g/mol; Sigma-Aldrich; Merck KGaA, Darmstadt, 
Germany) (17). Regarding the isolation of the granulocyte 
fraction, contaminating erythrocytes were hemolysed with 
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cold ammonium chloride solution (250 mM). The ammonium 
chloride solution was added directly into the peripheral blood 
mononuclear cell fraction and subsequent granulocytes were 
collected and washed once with PBS as described earlier (18). 
The granulocyte was diluted in PBS and collected by 
centrifugation at 300 x g for 15 min at 4˚C and subsequently, 
the pellets were stored at 80˚C. Patient characteristics are 
described in Table I. All of the procedures were conducted 
according to the guidelines of the Medical Ethics Committees 
of the Health Bureau of the Zhejiang Province of China, and 
ethical approval was obtained from the Ethics Committee of 
the Medical School of Zhejiang University (Hangzhou, China).

Cell culture and transfection. The NB4 and NB4‑all‑trans reti-
noic acid‑resistant (NB4‑R‑ATRA) cell lines were generous 
gifts provided by Dr Jianguo Chen (Sun Yat-Sen Hospital, 
Shanghai, China). The HL-60 cell line was purchased from 
the Cell Bank of Shanghai Institute of Biological Sciences 
(www.cellbank.org.cn; Chinese Academy of Sciences, 
Shanghai, China). All cells were cultured in RPMI-1640 
medium supplemented with 10% (v/v) fetal calf serum, 1% 
(v/v) antibiotic-antimycotic solution and 2 mM L-glutamine 
(all Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) in a humidified atmosphere at 37˚C and with 5% CO2.

Chemicals and reagents. ATRA was purchased from 
Sigma-Aldrich; Merck KGaA, and dissolved in EtOH at the 
stock concentration of 20 mM. Cells were treated with 1 µM 
ATRA for 24 h. All other chemical reagents were also obtained 
from Sigma-Aldrich; Merck KGaA.

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). Total cellular RNA 
was purified using TRIzol® (Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocols. The expression levels 
of ZFAS1 were detected by RT‑qPCR using a SYBR ExScript 
RT‑PCR kit (Takara Biotechnology Co., Ltd., Dalian, China), 
performed in an Applied Biosystems 7500 PCR system (Thermo 
Fisher Scientific, Inc.). qPCR was performed with the following 
cycling conditions: 40 cycles of denaturation at 95˚C for 30 sec, 
annealing at 59˚C for 30 sec and extension at 72˚C for 15 sec. 
Samples were amplified in triplicate, and data were normalized 
to the expression of glyceraldehyde 3‑phosphate dehydrogenase 
(GAPDH). The primer sequences were as follows: GAPDH 
forward, 5'-AGA TGT TCC AAT ATG ATT CC-3' and reverse, 
5'-TGG ACT CCA CGA CGT ACT CAG-3' and ZFAS1 forward, 
5-ACG TGC AGA CAT CTA CAA CCT-3' and reverse, 5-TAC 
TTC CAA CAC CCG CAT‑3'. The relative mRNA expressions of 
target genes were calculated using the 2-∆∆Cq method (19).

RNA interference. Two small interfering (si)RNA constructs 
against ZFAS1 were generated. ZFAS1-1 siRNA (5'-CTG GCT 
GAA CCA GTT CCA CAA GGT T-3'), ZFAS1-2 siRNA (5'-TAC 
TTC TCC TAG TTG CAG TCA GG-3') and the scramble siRNA 
(5'-ACG TGA CAC GTT CGG AGA ATT-3') were purchased 
from Shanghai Sangon Co., Ltd. (Shanghai, China). NB4 
cells were transfected with 20 µM siRNAs using the Neon 
Transfection system (Thermo Fisher Scientific, Inc.) according 
to the manufacturer's protocol. Following 24 h transfection, 
ZFAS1 level was determined by RT-qPCR.

Cell proliferation assay. Cell proliferation was measured using 
Cell Counting Kit-8 (CCK-8; Promega Corporation, Madison, 
WI, USA) according to the manufacturer's protocol. Briefly, 
cells were plated at a density of 1x104 cells/well in 96-well 
plates and cultured in RPMI-1640 medium. The CCK-8 
reagent (10 µl) was added to the wells at the end of the experi-
ment. Following incubation at 37˚C for 2 h, the absorbance in 
each well was determined using a microplate reader at 450 nm.

Cytosolic fraction isolation. To isolate the cytosolic fraction, 
cells were washed with ice‑cold PBS. The cells were lysed 
using the Cell Lysis and Mitochondria Intact buffer (Beyotime 
Institute of Biotechnology, Haimen, China) on ice for 5 min, 
and the cell suspension was centrifuged at 500 x g for 5 min at 
4˚C. The supernatant was removed and stored at ‑20˚C as the 
cytosolic fraction. This was subsequently separated by 12% 
SDS-PAGE and the proteins were detected by the western blot 
assay.

Western blot assay. The cells were lysed using radioimmu-
noprecipitation assay buffer on ice for 30 min and the protein 
concentration was determined with the Bradford assay (both 
Beyotime Institute of Biotechnology). The proteins (25 µg) 
were separated by 12% SDS-PAGE and transferred onto poly-
vinylidene fluoride membranes (EMD Millipore, Billerica, 
MA, USA). The membranes were blocked with 5% skimmed 
milk for 1 h at room temperature, and incubated at 4˚C 
overnight with primary antibodies diluted at 1:1,000 against 
Mcl-1 (cat. no. ab32087; Abcam, Cambridge, MA, USA), 
caspase-9 (cat. no. 9502), cleaved caspase-9 (cat. no. 9505), 
caspase-3 (cat. no. 9662), cleaved caspase-3 (cat. no. 9661), 
caspase‑8 (cat. no. 9746), Bcl‑2 (cat. no. 4223), cytochrome c 
(cat. no. 12963), Smac/DIABLO (cat. no. 15108), GAPDH 
(cat. no. 5174), PARP (cat. no. 9532), XIAP (cat. no. 2045) 
and BAX (cat. no. 5023) (all Cell Signaling Technology, Inc., 
Danvers, MA, USA). Membranes were subsequently incubated 
with the goat anti-mouse (cat. no. 31430) or goat anti-rabbit 
(cat. no. 31460) horseradish peroxidase‑conjugated secondary 
antibodies (1:2,000; both from Thermo Fisher Scientific, Inc.) 
for 1 h at room temperature. Enhanced chemiluminescence 
reagent (Thermo Fisher Scientific, Inc.) was used to detect 
the signal on the membrane with a Bio Image Intelligent 
Quantifier 1D (Bio Image Systems, Inc., Jackson, MI, USA). 
Densitometric analysis was performed with Quantity One 
software (version 4.6.8; Bio‑Rad Laboratories, Inc., Hercules, 
CA, USA).

Flow cytometry analysis. Cells (2x105) were washed twice 
PBS and then fixed with 70% ethanol at room temperature for 
30 min. Next, the cell cycle distribution was analyzed by flow 
cytometry (FACSCalibur; Becton, Dickinson and Company, 
Franklin, Lakes, NJ, USA) using DNA staining with prop-
idium iodide (1 mg/ml; Sigma-Aldrich; Merck KGaA) and 
Annexin V in PBS. The cells undergoing apoptosis were 
Annexin V‑FITC‑positive and PI‑negative. Data analysis was 
performed using FlowJo version 8.8.7 software (Tree Star, 
Inc., Ashland, OR, USA).

Statistical analysis. Differences between two groups were 
estimated using Student's t-test with Prism version 5.0 
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(GraphPad Software, Inc., La Jolla, CA, USA). Differences 
among three groups were analyzed using one-way analysis 
of variance followed by Tukey's test post-hoc with SPSS 
(version 17; SPSS, Inc., Chicago, IL, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

ZFAS1 is upregulated in patients with APL. To investigate 
whether ZFAS1 is involved in the development of APL, the 
ZFAS1 expression levels in 33 APL patient samples (Table I) 
were first compared with the levels in 26 healthy donor 
samples. As shown in Fig. 1, the ZFAS1 expression level was 
significantly increased in APL samples compared with that in 
healthy controls. This result suggests that ZFAS1 upregulation 
may have a positive association with the development of APL.

ATRA treatment results in the downregulation of ZFAS1. 
NB4 cells has been widely accepted as a model of myeloid 
maturation in which ATRA treatment leads to a proliferation 
block at the G1 phase and terminates the differentiation of 
myeloid cells (20-22). Therefore, the present study investigated 
whether ATRA treatment affects ZFAS1 expression in NB4 
cells. As shown in Fig. 2A, ZFAS1 expression levels in NB4 
cells decreased following treatment with ATRA (1 µM). At 
the same time, there was little ZFAS1 downregulation found 
in the ATRA‑resistant cell line, therefore excluding the possi-
bility of non-specific stress responses to ATRA treatment 
(Fig. 2B). These data suggest that ZFAS1 may be involved in 
the proliferation of NB4 cells.

Downregulation of ZFAS1 decreases the proliferation of APL 
cells. To further dissect the function of ZFAS1 in cellular 
proliferation, two ZFAS1‑specific siRNAs were used to repress 
the expression of ZFAS1 in two APL cell lines, NB4 and 
HL‑60 (Fig. 3A). As shown in Fig. 3B, APL cells transfected 
with ZFAS1 siRNAs exhibited a lower proliferation rate than 
the control group. These data further confirmed that ZFAS1 is 
involved in the proliferation of APL cells.

ZFAS1 regulates APL cell apoptosis through the intrinsic 
apoptotic pathway. To investigate whether ZFAS1 affects the 
apoptosis of APL cells, Annexin V/PI staining and flow cytom-
etry analysis were employed. As shown in Fig. 4A, silencing 
of ZFAS1 markedly promoted the apoptosis of the APL cells. 
There are two major pathways that lead to apoptosis: The 
extrinsic pathway, also known as the death receptor signaling 
pathway, and the intrinsic pathway, also known as the mito-
chondrial pathway. Caspases are a group of cysteine proteases 
that are vital regulators of apoptosis. The extrinsic and intrinsic 
pathways are initiated by caspase-8 and caspase-9, respec-
tively, leading to the activation of caspase-3 (23). To further 
investigate the potential role of ZFAS1 in APL cell apoptosis 
in the present study, a western blot assay was performed to 
detect caspase-3, caspase-8 and caspase-9 levels. When 
ZFAS1 was silenced, cleaved caspase-9, caspase-3 and PARP 
were increased. At the same time, cleaved caspase-8 was not 
significantly affected (Fig. 4B and C). These data suggested 
that ZFAS1 affects apoptosis via the intrinsic pathway.

ZFAS1 affects the expression of the Bcl‑2 family proteins in 
APL cells. The intrinsic pathway is mainly regulated by the 
Bcl‑2 protein family. Therefore, levels of Bcl‑2 family proteins 
were investigated by western blotting. As shown in Fig. 5A, 
Bcl‑2 and Mcl‑1 expression levels were decreased, while 
the expression level of XIAP was not significantly affected 
following the silencing of ZFAS1. Additionally, Bax expres-
sion and release of cytochrome c and Smac/DIABLO were 

Figure 1. ZFAS1 is highly expressed in APL patients. The levels of ZFAS1 
in APL patient samples (n=33) were compared with granulocytes from 
healthy controls (n=26). ZFAS1 expression was quantified by reverse 
transcription-quantitative polymerase chain reaction and normalized to the 
glyceraldehyde 3‑phosphate dehydrogenase gene. The expression of ZFAS1 
relative to that in healthy controls was calculated using the 2-ΔΔCq method. 
**P<0.01 (t-test). ZFAS1, long non-coding RNA zinc finger antisense 1; 
APL, acute promyelocytic leukemia.

Table I. Clinical characteristics of patients with acute promy-
elocytic leukemia (n=33).

Characteristic n %

Cytogenetics t(15;17) 33 100.0
Age, years  
  10-20 6 18.2
  20-30 17 51.5
  30-40 9 27.3
  40-50 1 3.0
Sex  
  Male 20 60.6
  Female 13 39.4
WBC count (x109)  
  <10 14 42.4
  10-50 10 30.3
  >50 4 12.1
  N/A 5 15.2
Percentage of PB blasts  
  <80 16 48.5
  ≥80 9 27.3
  N/A 8 24.2

WBC, white blood cell; PB, peripheral blood; N/A, not available.
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increased in the cytosolic fraction (Fig. 5B). Based on these 
results, ZFAS1 regulates the intrinsic pathway through the 
modulation of Bcl‑2 family proteins.

Discussion

APL is a unique form of acute myeloid leukemia (AML) 
caused by an arrest in granulocyte differentiation during 

the promyelocytic stage (24). Although clinical advances in 
AML have been achieved, its prognosis remains quite poor. 
Therefore, novel approaches are required to target AML. 
Increasing evidence indicates that lncRNAs are involved in 
a variety of biological processes, including cell proliferation, 
survival and differentiation (4,6). In light of the potential value 
of lncRNAs as biomarkers and therapeutic targets, the present 
study sought to investigate an lncRNA involved in APL.

Figure 3. Silencing of ZFAS1 attenuates the proliferation of APL cells. (A) A reverse transcription-quantitative polymerase chain reaction analysis showed that 
the ZFAS1 expression level was significantly repressed in APL cells transfected with two siRNAs against ZFAS1 (si‑ZFAS1‑1 and si‑ZFAS1‑2) compared with 
that in cells transfected with si‑NC. (B) APL cells were transfected with siRNAs against ZFAS1 (si‑ZFAS1‑1 and si‑ZFAS1‑2) or si‑NC for the indicated times. 
Cell proliferation was determined using a Cell Counting Kit‑8 assay. The data represent the results of three independent experiments and are presented as the 
mean ± standard deviation (n=3). *P<0.05 and ***P<0.001. si-, small interfering; NC, negative control; OD, optical density; ZFAS1, long non-coding RNA zinc 
finger antisense 1; APL, acute promyelocytic leukemia.

Figure 2. ZFAS1 was significantly decreased in NB4 cells treated with ATRA. (A) NB4 and (B) NB4‑R‑ATRA cells were treated with 1 µM ATRA for the 
indicated times, and ZFAS1 expression was measured by reverse transcription‑quantitative polymerase chain reaction. Each panel shows the mean ± stan-
dard deviation of a representative experiment performed in triplicate. ***P<0.001. ZFAS1, long non‑coding RNA zinc finger antisense 1; NB4‑R‑ATRA, 
NB4‑all‑trans retinoic acid‑resistant.
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Figure 4. Knockdown of ZFAS1 induces apoptosis in APL cells. (A) Flow cytometry was applied to analyze the apoptotic rate of NB4 and HL‑60 cells 
transfected with si‑NC, si‑ZFAS1‑1 or si‑ZFAS1‑2 for 48 h. (B) Western blot analyses of indicated proteins in APL cells transfected with si‑NC, si‑ZFAS1‑1 
or si‑ZFAS1‑2 for 48 h. (C) Densities of the bands in (B) were quantified by densitometry using Bio‑Rad Quantity One software. Values are presented as the 
mean ± standard deviation (n=3). *P<0.05, **P<0.01 and ***P<0.001. ZFAS1, long non‑coding RNA zinc finger antisense 1; APL, acute promyelocytic leukemia; 
si-, small interfering RNA; NC, negative control; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; PARP, poly ADP ribose polymerase.
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The present data showed that the expression of the lncRNA 
ZFAS1 is significantly upregulated in APL patients compared 
with that in healthy controls. The lncRNA ZFAS1 has previ-
ously been found to be dysregulated in several different cancer 
types. For example, ZFAS1 is overexpressed in gastric cancer 
and its increased level is associated with a poor prognosis and 
shorter survival times (25). ZFAS1 also promotes metastasis 
and is associated with a poor prognosis in hepatocellular 
carcinoma (13). However, ZFAS1 expression is decreased in 
breast tumors and functions as a tumor suppressor gene in 
breast cancer (12). The discrepancy with regard to the function 
of ZFAS1 may be due to the different cancer type. Currently, 
the role of ZFAS1 in APL remains unknown. The present 
study data showed that ZFAS1 expression was significantly 
increased in APL samples compared with that in healthy 
samples, indicating that ZFAS1 may serve an important role in 
the development and progression of APL. Moreover, silencing 
of ZFAS1 by RNAi lead to the marked inhibition of APL cell 
proliferation. In addition, an Annexin V/PI staining assay 
showed that the downregulation of ZFAS1 repressed APL cell 
proliferation by inducing apoptosis.

Apoptosis is a programmed cellular death mechanism 
that is initiated by two pathways: The extrinsic and intrinsic 
pathways. In the present study, subsequent to downregu-
lating ZFAS1, increased cleaved caspase-3 and caspase-9, 
and PARP was detected, while caspase-8 was not affected. 
Therefore, ZFAS1 appears to regulate apoptosis via the 
intrinsic pathway rather than the extrinsic pathway. It is well 
documented that the intrinsic pathway is mainly mediated 

by the Bcl‑2 protein family, which controls the stability of 
the mitochondrial membrane (6). Among the Bcl‑2 protein 
family members, Bcl‑2, Mcl‑2 and Bcl2‑associated agonist 
of cell death (Bcl‑xl) are all upregulated in numerous types 
of tumor (26). Bax and Bcl‑2 homologous antagonist/killer 
(Bak) are involved in the formation of pores in the outer 
mitochondrial membrane and the release of cytochrome c 
and Smac/DIABLO. Together, these steps finally lead to 
the activation of caspase-3 (27,28). A number of studies 
have shown that lncRNAs affect the levels of Bcl‑2 family 
proteins (29). For example, the knockdown of hepatocel-
lular carcinoma upregulated lncRNA is able to inhibit 
Bcl‑2, thereby promoting apoptosis in diffuse large B‑cell 
lymphoma (30). The lncRNA CDKN2B antisense RNA 1, 
which is found to be upregulated in bladder cancer, serves 
as a positive regulator of Bcl‑2 and a negative regulator of 
Bax (31). Similarly, silencing of ZFAS1 reduced the levels of 
Bcl‑2, Mcl‑1, and increased the levels of Bax, cytochrome 
c and Smac/DIABLO. These data confirm that ZFAS1 
regulates APL cell apoptosis through modulation of Bcl‑2 
protein family members and the intrinsic pathway.

To the best of our knowledge, the present study is the first 
to show that the lncRNA ZFAS1 regulates proliferation as well 
as apoptosis in APL cells. Taken together, the results showed 
that ZFAS1 was highly upregulated in samples from APL 
patients, and affected APL cell proliferation and apoptosis 
in vitro. The present study highlights the importance of the 
largely unexplored population of non‑protein‑coding genes in 
understanding the molecular basis of disease, and may provide 

Figure 5. ZFAS1 regulates APL cell apoptosis through the modulation of Bcl‑2 family proteins. (A) APL cells were transfected with si‑NC, si‑ZFAS1‑1 
or si‑ZFAS1‑2 for 48 h. The levels of Bcl‑2, Mcl‑1, XIAP and Bax were examined by western blot analyses with the indicated antibodies. Densitometry 
analysis of the western blots is presented on the right. **P<0.01, ***P<0.001 vs. si‑NC. (B) APL cells were transfected with si‑NC, si‑ZFAS1‑1 or si‑ZFAS1‑2 
for 48 h. Cytosolic fractions were subjected to western blotting with the indicated antibodies and densitometry analysis is presented on the right. ***P<0.001 
vs. si‑NC. Values are presented as the mean ± standard deviation (n=3). ZFAS1, long non‑coding RNA zinc finger antisense 1; APL, acute promyelocytic 
leukemia; si‑ small interfering RNA; NC, negative control; GAPDH, glyceraldehyde 3‑phosphate dehydrogenase; Bcl‑2, B‑cell lymphoma‑2; Mcl‑1, induced 
myeloid leukemia cell differentiation protein Mcl‑1; XIAP, E3 ubiquitin‑protein ligase XIAP; Bax, apoptosis regulator BAX; Smac/DIABLO, Diablo homolog 
mitochondrial.
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a potential biomarker and therapeutic target for the clinical 
management of APL.
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