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Abstract. The promyelocytic leukemia zinc finger (PLZF) 
protein is a transcription factor that is involved in a number 
of biological processes, including those regulating cellular 
growth; however, little is known regarding how it achieves 
its inhibitory effect in different cell and tissue types. It has 
previously been demonstrated that PLZF expression levels 
become diminished during the oncogenic transformation 
of certain tissue types and thus, may serve as a hallmark 
for tumor aggressiveness. To examine this in breast cancer, 
survival curves from available oncology databases were 
analyzed and demonstrated that PLZF expression was 
positively associated with increased survival in patients with 
breast cancer. The mRNA and protein levels of PLZF were 
also revealed to be associated with the tumorigenicity of four 
breast cancer cell lines. Since ATP‑binding cassette subfamily 
E member 1 (ABCE1), also known as RNase L inhibitor, has 
been determined to be a target gene of PLZF, the present study 
also investigated whether the tumor suppressive effect of PLZF 
was associated with ABCE1 expression. PLZF was revealed 
to downregulate the expression of ABCE1 in vitro, which 
relieved the inhibitory effect of ABCE1 on the ribonuclease L 
enzyme. Finally, it was concluded that PLZF expression caused 
an ABCE1‑mediated increase in cellular cytotoxicity, as 
demonstrated by a reduction in the proliferation rate of breast 
cancer cell lines. The results of the present study are important 
for understanding how PLZF exerts its final inhibitory actions 
in breast cancer cells, and potentially in other solid tumors, 
through the modulation of immunological pathways.

Introduction

The promyelocytic leukemia zinc finger (PLZF) protein is 
a transcription factor belonging to the Krüppel‑like zinc 
finger family  (1). It regulates a variety of developmental 
and physiological pathways, and has been demonstrated 
to be involved in leukocyte differentiation and oncogenic 
transformation (2,3). The potency and self‑renewal abilities of 
many stem and early progenitor cells have also been linked to 
PLZF, which may maintain these phenotypic characteristics 
in certain cell lineages (4,5). Since the identification of the 
PLZF/RARα fusion protein in 1998 (6), several studies have 
linked the level of PLZF expression with the oncogenic 
transformation of numerous types of cancer cells  (7,8). 
Under normal physiological conditions, PLZF expression is 
minimally maintained to regulate both the cell cycle and cell 
differentiation potential through several accessory molecules, 
including cyclin A2, checkpoint suppressor 1, c‑Myc and 
telomerase reverse transcriptase  (5,9,10). This low‑level 
expression of PLZF may be further reduced to relieve the 
PLZF transcriptional control in cells, which ultimately enables 
tumorigenic cell transformation (11). In recent years, PLZF 
expression has also been implicated in the innate immune 
response. PLZF expression was demonstrated to control 
the clonal expansion and functional capacity of cluster of 
differentiation (CD)1d‑restricted natural killer T cells (12), 
the induction of memory‑like or innate CD8+ T cells  (13) 
and, most notably, the positive regulation of a specific subset 
of interferon‑stimulated genes (ISGs) in the interferon 
pathway (14). This complex and intriguing immunomodulatory 
function of PLZF is achieved through the stabilization of a 
histone deacetylase corepressor complex comprising HDAC3 
and the p50 subunit of nuclear factor‑κB (15).

The 2‑5A system is a well‑characterized pathway that 
stimulates apoptosis when activated in cells. The system 
is triggered by the accumulation of double‑stranded RNA 
in the cytoplasm caused by a viral infection or non‑specific 
degradation. This, in turn, activates 2'‑5'‑oligoadenylate 
synthetase 1, an enzyme that converts ATP to short 2'‑5'‑linked 
oligoadenylates, known as 2‑5A. 2‑5A binds and activates 
the ribonuclease L enzyme (RNase L), which then cleaves 
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single‑stranded RNA, eventually leading to the degradation of 
ribosomal RNA (rRNA) and apoptosis (16). In a number of cells, 
the levels of RNase L are kept under tight spatial and temporal 
control during transcriptional and post‑transcriptional events. 
This ensures that RNase L activity does not interfere with 
physiological cellular proliferation (17). RNase L and PLZF 
control viral pathogenesis through the induction of specific 
ISGs, which, when activated, stimulate various cellular 
proteins, including protein kinase R, interferon regulatory 
factor 7, and signal transducer and activator of transcription 3, 
to limit the synthesis of viral DNA and to promote the activation 
of apoptotic pathways in virally infected cells (18,19).

The ATP‑binding cassette subfamily E member 1 (ABCE1) 
protein is a member of the ATP‑binding cassette (ABC) trans-
porter family, and was originally described as an RNase L 
inhibitor (20), as well as a PLZF‑targeted gene (21). ABCE1 
expression was observed to be higher in lung cancer  (22), 
retinoblastoma (23), melanoma (24) and colon cancer (25), 
compared with in normal cells, thereby demonstrating an 
opposite pattern to the expression signature of PLZF in cancer 
and in normal cells. Furthermore, the relatively high expres-
sion level of ABCE1 was implicated in the ongoing survival of 
these cancerous cells.

The aim of the present study was to explore the functional 
association between PLZF and RNase L. Therefore, the 
present study investigated whether ABCE1 inhibition, possibly 
through PLZF regulation, may induce the anti‑proliferative 
effect of RNase L in a breast cancer cell line.

Materials and methods

Oncomine database. In order to evaluate the potential 
difference in PLZF expression between breast cancer and 
normal breast tissues, transcriptomic microarray data (reporter 
ID: 11‑113531123, ILMN_1750496 and A_23_P104802) from 
the Oncomine cancer microarray database (www.oncomine.
org) was utilized  (26,27). PLZF was added to the search 
inquiry, breast cancer was selected as the cancer type and 
the filter ‘Cancer vs. Normal Analysis’ was applied, using the 
database threshold values of odds ratio >2.0 and P<0.0001. 
The PLZF mRNA copy number was analyzed in the following: 
1,992 breast carcinoma and 144 normal breast samples from 
the Curtis dataset; 532 invasive breast carcinoma, 61 paired 
normal breast tissue and 3 paired metastatic samples from the 
TCGA dataset; and 786 invasive breast carcinoma, 702 paired 
blood‑derived normal, 111 paired normal breast tissue and 
3 paired metastatic samples from the TCGA molecular dataset. 
Table I demonstrates the number of each of the assessed tissue 
types observed in the TCGA and Curtis datasets. The datasets 
were classified into two main types: Normal tissue vs. different 
cancer types or based on the molecular classification of the 
tissue samples types [expression status of progesterone (PR), 
estrogen (ER) and human epidermal growth factor receptor 2 
(HER2)]. The expression data were log‑transformed and 
median‑centered per array, and the standard deviation was 
normalized to one per array. Array data were used following 
adjustment of the threshold to those genes with a fold‑change 
of 2 and a mean value with a significance level of P<0.0001, 
using GraphPad Prism Version 7.00 for Windows (GraphPad 
Software, Inc., La Jolla, CA, USA).

Survival analysis. The hazard ratios for the expression levels 
of PLZF and ABCE1 in patients with breast cancer were esti-
mated using the Kaplan‑Meier method, and the log‑rank test 
was used to compare the survival curves of patients grouped 
according to median PLZF and ABCE1 expression levels 
(low‑medium and high‑medium expression). Patient data were 
obtained from the Kaplan‑Meier database, a comprehensive 
database containing microarray datasets from the Curtis and 
TCGA projects, among others. The distant metastasis‑free 
survival (DMFS) and relapse‑free survival (RFS) rates were 
determined as previously described  (28). The number of 
patient samples used to determine DMFS was 1,769, and the 
number of samples used to determine RFS was 3,955. The 
patient samples included all breast cancer molecular subtypes, 
including ER‑, PR‑ and HER2‑positive.

Cell culture. HeLa, 293T, MDA‑MB‑231, MCF7, MCF10 
and MCF12 cells were obtained from the American Type 
Culture Collection (Manassas, VA, USA). The 293, HeLa, 
MDA‑MB‑231 and MCF7 cell lines were maintained in 
Dulbecco's modified Eagle's medium (DMEM; Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) containing 
4.5 g/l D‑glucose, 10% fetal bovine serum (Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany), 2  mM L‑Glutamine 
(Sigma‑Aldrich; Merck KGaA) and 100 U/ml penicillin/strep-
tomycin (Sigma‑Aldrich; Merck KGaA) in 5% CO2 with 
95% air at 37˚C. The MCF10 and MCF12 cell lines were 
maintained in DMEM/F12 (Gibco; Thermo Fisher Scientific, 
Inc.) containing 10% fetal bovine serum, 1% L‑glutamine 
(Sigma‑Aldrich; Merck KGaA), growth factors from the 
HuMEC Supplement kit (Thermo Fisher Scientific, Inc.) and 
100 U/ml penicillin/streptomycin under the same conditions.

Reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR). RNA was extracted from 293T, MCF‑10, 
MCF‑12, MCF7 and MDA‑MB‑231 cell lines by cell lysis 
using TRIzol (Thermo Fisher Scientific, Inc.) according to 
the manufacturer's protocol. Complementary DNA (cDNA) 
was synthesized using the SuperScript® III First‑Strand 
Synthesis system (cat  no.  18080‑051; Invitrogen; Thermo 
Fisher Scientific, Inc.) by incubating 5  µg total extracted 
RNA at 65˚C for 5 min with the 10 mM dNTP mixture and 
Oligo (dT) primers. The cDNA synthesis mix containing 
25 mM MgCl2, 10x RT buffer, 0.1 M DTT and SuperScript 
III Reverse Transcriptase enzyme was added to the RNA 
mix and incubated at 50˚C for 50 min and the reaction was 
terminated by heating at 85˚C for 5  min. RT‑qPCR was 
performed in triplicate using a Bio‑Rad CFX96™ Real‑Time 
system (Bio‑Rad Laboratories, Inc., Hercules, CA, USA) with 
oligonucleotides for PLZF forward, 5'‑AAC​CAC​AAG​GCT​
GAC​GCT​GTA‑3' and reverse, 5'‑CAT​AGG​TGC​TGA​AGT​
CCA​TGG​A‑3'; ABCE1 forward, 5'‑TTG​GTT​GTG​GGA​AGT​
CGT‑3' and reverse, 5'‑GCT​TAT​GTA​GTT​AAT​GGG​AGG​T‑3'; 
HuR forward, 5'‑GAG​GCT​CCA​GTC​AAA​AAC​CA‑3' and 
reverse, 5'‑GTT​GGC​GTC​TTT​GAT​CAC​CT‑3'; TTP forward, 
5'‑CGC​TAC​AAG​ACT​GAG​CTA​T‑3' and reverse, 5'‑GAG​GTA​
GAA​CTT​GTG​ACA​GA‑3'. The thermocycler conditions for 
the PCR were as follows: 55˚C for 2 min, then 95˚C for 10 min, 
95˚C for 15 sec and 60˚C for 1 min for a total of 45 cycles. 
The levels of target mRNA were normalized to that of 18S 
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(reference ID: Hs03003631_g1; Thermo Fisher Scientific, Inc.) 
and were charted using the 2‑ΔΔCq method (29). Results are 
expressed as the relative gene expression for each of the target 
genes, and are presented as the mean ± standard deviation 
(SD).

Western blot analysis. In order to assess protein levels, cells 
were lysed in radioimmunoprecipitation assay buffer [150 mM 
NaCl, 50 mM Tris (pH 8.0), 1.5 mM EDTA, 0.5% Triton‑X 
and 5% glycerol] containing 0.2  M phenylmethylsulfonyl 
f luoride protease inhibitor (Roche Diagnostics, Basel, 
Switzerland). Protein quantification using Bradford protein 
assay (cat  no.  500‑0006; Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA) was performed as per the manufacture's 
recommendations by employing the Ultrospec 3100 pro 
UV/visible spectrophotometer Cell lysates for ~30 µg of total 
protein were resolved on a 10% gel, blocked with 5% milk 
in 1X PBS at 37˚C for 1 h, transferred to a nitrocellulose 
membrane (GenHunter Corporation, Nashville, TN, 

USA), immunoblotted with primary antibodies (PLZF, 
cat no. sc‑22839; Santa Cruz Biotechnology Inc., Dallas, TX, 
USA; β‑actin, cat no. sc‑69879; Santa Cruz Biotechnology 
Inc.; ABCE1, cat  no.  ab32270; Abcam, Cambridge, UK), 
incubated overnight (dilution, 1:500) at 4˚C and detected using 
a horseradish peroxidase‑conjugated IgG rabbit anti‑mouse 
secondary antibody (dilution, 1:2,000; cat  no.  SC‑2030; 
Santa Cruz Biotechnology, Inc.) at room temperature for 
1 h. Blots were developed using an SuperSignal West Pico 
Chemiluminescent Substrate (cat no. 34080; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) according to the 
manufacturer's protocol, and then imaged using a ChemiDoc™ 
XRS+ system v.2011 (Bio‑Rad Laboratories, Inc.).

Real‑time proliferation assay. Prior to the proliferation 
assay, MDA‑MB‑231 and MCF7 cells (5x105 cells/well) were 
cultured to ~60% confluency on 6‑cm plates and transfected 
with 0.5 µg pTRE3G‑PLZF + 0.5 µg Tet‑On® constructs using 
6 µl Lipofectamine® 2000 (Thermo Fisher Scientific, Inc.) as 
previously described (30). After 24 h, the cells were washed 
with trypsin and seeded onto a 96‑well plate at a density 
of 15x103 cells/well in full growth medium with or without 
0.2 µg/ml doxycycline (Dox) for the proliferation assay. The 
plates were subsequently inserted into the xCELLigence® 
Real‑Time Cell Analyzer instrument (ACEA Biosciences, San 
Diego, CA, USA), according to the manufacturer's protocols, 
in order to monitor cell proliferation.

Statistical analysis. Results were analyzed and graphed using 
GraphPad Prism® version 7.02 (GraphPad Software, Inc., La 
Jolla, CA, USA). Survival curves were compared between 
each group using the log‑rank test; the data are reported as the 
mean mRNA expression of both PLZF and ABCE1. RT‑qPCR 
results for PLZF mRNA were compared using one‑way 
analysis of variance and a Holm‑Sidak post‑hoc test and are 
reported as the mean ± standard deviation (SD). Real‑time 
proliferation assay data are reported as the mean ± SD. P<0.05 
was considered to indicate a statistically significant difference.

Results

PLZF expression is diminished in breast cancer tissues 
compared with in normal breast tissues. The expression of 
PLZF in breast cancer and normal tissue samples included in 
the Oncomine online microarray database was analyzed. Gene 
expression data were retrieved from the TCGA and Curtis 
databases (Table I) and were plotted to reveal the mean expres-
sion levels of PLZF. The mRNA levels of PLZF were found to 
be increased in normal tissues when compared with various 
types of adenocarcinoma and lobular carcinoma of the breast 
(Fig. 1). These results are similar to those of previous studies 
that identified an involvement of PLZF in the oncogenic trans-
formation of prostate (31), colon (32) and leukemic cells (6).

PLZF expression is associated with survival in patients with 
breast cancer. The hazard ratio for the expression of PLZF in 
patients with breast cancer was calculated using Kaplan‑Meier 
analysis and the log‑rank test (Fig. 2). The results revealed 
that increased PLZF expression in patients with breast 
cancer was associated with prolonged survival compared 

Table I. Detailed numbers of samples for each of the TCGA 
and Curtis datasets obtained from the Oncomine cancer micro-
array database.

Array	 Cells	 No.

TCGA type	 Normal tissue	 61
	 Invasive breast carcinoma	 75
	 Mixed lobular + ductal	 7
	 Invasive ductal carcinoma	 392
	 Invasive lobular carcinoma	 36
TCGA molecular	 Normal tissue	 61
	 ERBB2 +ve	 73
	 ERBB2 ‑ve	 228
	 PR ‑ve	 144
	 PR +ve	 228
	 ER ‑ve	 94
	 ER +ve	 274
	 Triple ‑ve	 49
Curtis type	 Normal tissue	 144
	 Ductal BRCa in situ	 10
	 Invasive breast carcinoma	 21
	 Mixed lobular + ductal	 89
	 Invasive ductal carcinoma	 1,556
	 Invasive lobular carcinoma	 148
Curtis molecular	 Normal tissue	 144
	 ERBB2 +ve	 1743
	 ERBB2 ‑ve	 249
	 PR ‑ve	 943
	 PR +ve	 1,049
	 ER ‑ve	 440
	 ER +ve	 1,552
	 Triple ‑ve	 250

TCGA, The Cancer Genome Atlas; ERBB2, receptor tyrosine‑protein 
kinase erbB2; PR, progesterone; ER, estrogen.
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with patients with low PLZF expression. The DMFS rates 
of patients with low‑medium PLZF expression were 78.16 

and 69.33% compared with 87.94 and 79.58% in the patients 
with high‑medium PLZF at 50 and 100 months, respectively 

Figure 2. Survival curves for patients with breast cancer. Kaplan‑Meier survival plots were produced to identify differences in the survival curves of patients 
with high and low levels of PLZF and ABCE1 expression. (A) RFS and (B) DMFS rates compared with PLZF expression; (C) RFS and (D) DMFS rates 
compared with ABCE1 expression. PLZF, promyelocytic leukemia zinc finger; ABCE1, ATP‑binding cassette subfamily E member 1; RFS, relapse‑free 
survival; DMFS, distant metastasis‑free survival.

Figure 1. PLZF mRNA levels in normal breast tissue compared with different types of breast cancer based on samples from the (A) TCGA type, (B) TCGA 
molecular, (C) Curtis type and (D) Curtis molecular datasets. The mean expression levels of PLZF were significantly decreased in cancer tissues compared 
with in the normal breast tissues (mean PLZF levels in normal tissues are represented by the red line). PLZF, promyelocytic leukemia zinc finger; TGCA, The 
Cancer Genome Atlas; ERBB2, receptor tyrosine‑protein kinase erbB‑2; PR, progesterone receptor; ER, estrogen receptor.
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(P=9.1x10‑06), and the RFS rates of patients with low‑medium 
PLZF expression were lower, at 64.45 and 55.31% compared 
with 78.69 and 69.39% in patients with high‑medium PLZF at 
50 and 100 months, respectively (P=1x10‑16).

Decreased ABCE1 expression in patients with breast 
cancer was associated with prolonged survival, as compared 
with patients with high ABCE1 expression. In patients with 
low‑medium ABCE1 expression, the DMFS rates were 
79.99 and 70.28% compared with 71.84 and 62.36% in 
patients with high‑medium ABCE1 at 50 and 100 months, 
respectively (P=4.4x10‑04), while the RFS rates in patients 
with low‑medium ABCE1 expression were 79.91 and 
70.26% compared with 71.14 and 62.37% in patients with 
high‑medium PLZF at 50 and 100  months, respectively 
(P=2.3x10‑5).

PLZF expression is associated with the tumorigenicity of 
breast cancer cell lines in  vitro. The mRNA expression 

of PLZF is detectable in various cell types during their 
differentiation process, but this expression quickly becomes 
inhibited during the course of oncogenic transformation. 
The present study aimed to assess the expression of PLZF 
in the breast cancer cell lines MDA‑MB‑231 and MCF7, and 
in the breast basal epithelial cell lines MCF10 and MCF12. 
Cells were grown as aforementioned for >48 h prior to total 
RNA extraction and cDNA synthesis. The basal expres-
sion of PLZF was revealed to be downregulated in the two 
cancer cell lines when compared with their epithelial cell 
equivalents (Fig. 3). Our previous study concerning PLZF 
expression in different cancer cells indicated that PLZF 
mRNA expression was higher in 293 cells compared with 
in HeLa cells (33). HeLa and 293 cell lines were included 
in the RT‑qPCR assay of this study to compare the levels 
of PLZF mRNA expression in these two cell lines with 
corresponding levels in breast cancer cells. The results of 
the present study demonstrate that PLZF expression was 
markedly higher in MCF10 and MCF12 cells compared 
with in MCF7 and MDA‑MB‑231 cells, the latter of which 
retain the cytokeratin profiles of breast luminal cells, fail to 
form tumors in nude mice and exhibited no detectable PLZF 
mRNA expression (34). The fact that PLZF expression was 
almost undetectable in MDA‑MB‑231 and MCF7 cells 
rendered these cell lines suitable for overexpression experi-
ments. Although MDA‑MB‑231 and MCF7 cells differ in 
terms of cell type (basal and luminal, respectively), the two 
are relatively tumorigenic and express numerous oncogenic 
phenotypes  (35). These results demonstrated that PLZF 
expression is negatively associated with the tumorigenicity 
of breast cancer cell lines.

ABCE1 is implicated as a PLZF‑targeted gene. Using an 
Affymetrix microarray chip, induction of the PLZF transcript 
has previously been demonstrated to downregulate a number 
of genes, including ABCE1 (21). Similarly, using Oncomine 
gene expression signatures, the present study compared the 
gene expression profiles of normal breast tissues with those 
of different breast cancer types and observed that ABCE1 was 
significantly overexpressed in cancer tissues when compared 
with in normal tissues (Table  II). Notably, ABCE1 was 
revealed to be in the top 10% of overexpressed genes in both 
the invasive breast ductal carcinoma (TCGA Breast 2) and the 
invasive ductal carcinoma (Curtis Breast) datasets, and in the 
top 5% of overexpressed genes in the invasive ductal carci-
noma (TCGA Breast) dataset. This was in agreement with our 
previous observation that the apparent loss of PLZF expression 
in cancer cells may cause an increase in ABCE1 expression in 
cancer tissues.

PLZF inhibits the expression of ABCE1. PLZF is a 
transcriptional repressor that acts on a number of different 
signaling pathways and usually exerts its inhibitory effect 
through accessory molecules. To confirm that PLZF exerts 
the same transcriptional control over ABCE1, a PLZF Tet‑On® 
system was used, as described previously  (30), to induce 
PLZF expression in the cancer MDA‑MB‑231 and MCF7 
cell lines. MDA‑MB‑231 cells lacked PLZF expression (both 
at the transcriptional and protein levels), as demonstrated in 
Figs. 3 and 4. It was observed that PLZF expression, induced 

Figure 3. Reverse transcription‑quantitative polymerase chain reaction assay 
of PLZF mRNA expression in breast cancer cells. Results are normalized 
to 18S expression, and are reported as a fold‑change relative to the levels of 
PLZF mRNA in 293 cells and are presented as the mean ± standard deviation 
(n=3). *P<0.05; ***P<0.001. PLZF, promyelocytic leukemia zinc finger; NS, 
not significant. 

Figure 4. Western blot analysis of PLZF and ABCE1 expression in 
MDA‑MB‑231 and MCF‑7 cells with or without the addition of 0.2 µg/ml 
Dox. Dox‑induced PLZF expression inhibited ABCE1 protein expression in 
both cell lines after 24 h. PLZF, promyelocytic leukemia zinc finger; ABCE1, 
ATP‑binding cassette subfamily E member 1; Dox, doxycycline.
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by overnight treatment with 0.2  µg/ml Dox, markedly 
downregulated ABCE1 protein expression (Fig. 4).

PLZF expression induces an ABCE1‑mediated inhibition of 
cellular proliferation in breast cancer cells. Although Dox 
treatment has been reported to alter the genetic signature of 
a number of common cancer cell lines (36), its effect on the 
proliferation capacity of these cells is less significant than the 
marked effect observed in the present study. Furthermore, the 
addition of 0.2 µg/ml Dox to the culture medium in a study 
using Dox in gene‑regulated assays demonstrated that there was 
no significant effect compared with the vehicle control (37).

Through real‑time cell analysis using an xCELLigence® 
RTCA instrument, a significant decrease in the proliferation 
capacity of MDA‑MB‑231 and MCF‑7 cells, which were 
previously transfected with the PLZF tet‑on system, was 
observed following treatment with 0.2 µg/ml Dox. Dox‑induced 

PLZF expression markedly diminished the cellular proliferation 
capability within 36  h of treatment (Fig.  5A and  B). 
MDA‑MB‑231 and MCF‑7 cells that were not treated with Dox 
continued to proliferate in a logarithmic manner consistent with 
normal physiological proliferation behavior in vitro. The same 
number of non‑transfected MDA‑MB‑231 and MCF‑7 cells 
were then cultured with or without 0.2 µg/ml Dox. No significant 
difference was observed in the two proliferation curves over 48 h 
(Fig. 5C and D). The results of the present study demonstrated 
that PLZF expression causes an ABCE1‑mediated inhibition of 
the proliferation of breast cancer cell lines.

Discussion

Transcription factors serve an essential role in the molecular 
regulation of protein expression. Numerous types of cancer 
cells reach their oncogenic state through alterations in their 

Figure 5. RTCA using an xCELLigence® RTCA instrument to identify the proliferation rates of (A) MDA‑MB‑231 and (B) MCF‑7 cells transfected with 
the PLZF tet‑on system and incubated in growth medium with 0.2 µg/ml Dox (blue) or without Dox (red) for 36 h. Un‑transfected (C) MDA‑MB‑231 and 
(D) MCF‑7 cells incubated in growth medium with 0.2 µg/ml Dox (red) or without Dox (blue) for 42 h. RTCA, real‑time cellular analysis; PLZF, promyelocytic 
leukemia zinc finger; Dox, doxycycline.

Table II. Comparison of ABCE1 expression in breast cancer vs. normal tissues samples in the TCGA and Curtis datasets.

Comparison	 P‑value	 Q‑value	 Odds ratio	 Rank (%)

Invasive BRCa stroma vs. normal	 7.16x10‑70	 9.63x10‑67	 3.1	 Lowest 10
Invasive ductal BRCa vs. normal	 1.48x10‑10	 1.11x10‑7	 10.1	 Lowest 10
Invasive BRCa stroma vs. normal	 1.30x10‑8	 5.37x10‑6	 10.4	 Lowest 5

ABCE1, ATP‑binding cassette subfamily E member 1.
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protein signature (4,5). This is commonly achieved by the tran-
scriptional inhibition of safeguard proteins (which safeguard 
against cell cycle override; for example, tumor protein p53), 
which would otherwise prevent the cell from undergoing 
continuous division and from evading apoptosis (5,9,10). PLZF 
has been previously demonstrated to be a tumor suppressor 
gene in certain types of cancer (11). However, the exact manner 
of its inhibitory effect in different cellular environments has 
yet to be elucidated.

Using a number of microarray datasets, the mRNA expres-
sion of PLZF was found to be associated with the survival rate 
of patients with breast cancer. Higher PLZF expression not 
only corresponded with a better survival rate in these patients, 
it was also negatively associated with the tumorigenicity of 
breast cancer cell lines commonly used in cancer research. 
PLZF, like other transcription factors, exerts its biological 
effects through numerous downstream targets. In turn, these 
targets participate in a number of other signaling pathways, 
which further complicates our understanding of how each 
molecule or protein is involved in the oncogenic transforma-
tion of specific cell types.

The RNase L inhibitor ABCE1 has previously been iden-
tified as a PLZF‑targeted gene (18,19). Using western blot 
analysis to quantify protein expression, it was observed that 
PLZF downregulated ABCE1 expression in the breast cancer 
cell lines used in the present study. This inhibition of ABCE1 
likely caused RNase L upregulation in the breast cancer cells, 
leading to the diminished proliferation of cells. PLZF exerts a 
chromatin‑stabilization effect that enables a basal activity state 
of early response genes to be established, alongside its ability 
to control the inflammatory reaction (14). Therefore, PLZF 
may be a useful modulator capable of differentially targeting 
certain signaling pathways that are yet to be investigated in 
an oncological context, but which may ultimately change the 
overall phenotype of tumors. The findings of the present study 
are important for understanding how PLZF exerts its final 
inhibitory actions in breast cancer cells, and potentially in 
other solid tumors, through the modulation of immunological 
pathways. Furthermore, these results may pave the way for 
further studies into the targeting of PLZF as an approach to 
limiting the oncogenic transformation and aggressiveness of 
associated cancer types.
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