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Abstract. T cell acute lymphoblastic leukemia (T‑ALL) is a 
highly aggressive hematological cancer; however, there is a 
lack of effective chemotherapeutic or targeted drugs for the 
treatment of T‑ALL. Decitabine is a DNA demethylation agent 
but it has not been used for T‑ALL treatment. Therefore, the 
present study aimed to assess the inhibitory effect of decitabine 
on T‑ALL molt4 cells and determine its regulatory role in the 
PI3K/AKT/mTOR pathway. Molt4 cells were stimulated with 
decitabine in vitro, after which cell proliferation, apoptosis 
and cell cycle analyses were performed to assess cell viability. 
Subcellular morphology was observed using transmission elec‑
tron microscopy. Expression levels of phosphate and tension 
homology (PTEN), genes involved in the PI3K/AKT/mTOR 
pathway and the corresponding downstream genes were 
analyzed using reverse transcription‑quantitative PCR and 
western blotting. The results showed that decitabine induced 
apoptosis, inhibited proliferation and arrested molt4 cells in 
the G2 phase. Following decitabine intervention, an increase in 
the number of lipid droplets, autophagosomes and mitochon‑
drial damage was observed. At concentrations of 1 and 10 µM, 
decitabine downregulated the expression of PI3K, AKT, mTOR, 
P70S6 and eukaryotic initiating factor 4E‑binding protein 1, 
which in turn upregulated PTEN expression; however, 50 µM 
decitabine downregulated PTEN levels. Overall, these results 
demonstrated that decitabine reduced the viability of molt4 
cells partly by inhibiting the PI3K/AKT/mTOR pathway via 
PTEN, especially at low decitabine concentrations.

Introduction

T cell acute lymphoblastic leukemia (T‑ALL) is a highly 
aggressive hematological cancer caused by the malignant 
transformation of T cell progenitor cells. T‑ALL accounts 
for 10‑15% and 20‑25% of pediatric and adult ALL cases, 
respectively  (1). Compared with B cell ALL, T‑ALL has 
lower event‑free survival (EFS) and 5‑year overall survival 
(OS) rate (2), as well as a higher recurrence rate, incidence 
of chemotherapeutic resistance and a poorer prognosis (3). 
At present, the therapeutic outcomes of T‑ALL remain 
unsatisfactory, and ~20% of patients experience recurrence 
after chemotherapy (4). Therefore, novel combination chemo‑
therapeutic or targeted drug regimens are required to improve 
therapeutic effects and reduce the rates of drug resistance (5).

The PI3K/AKT/mTOR pathway is closely associated with 
the occurrence, proliferation and metastasis of blood cancer 
and other malignant tumors (6,7). Abnormal activation of the 
PI3K/AKT/mTOR pathway is a common feature of cancer, 
characterizing T‑ALL diseases and often leading to the 
malignant transformation of T cells (8). Phosphate and tension 
homology (PTEN) is a tumor suppressor gene that can prevent 
the proliferation of cancer cells and promotes apoptosis by 
dephosphorylating phosphatidylinositol (3‑5)‑trisphosphate 
(PIP3) to phosphatidylinositol  (4,5)‑bisphosphate (PIP2). 
This thereby inhibits the activation of the PI3K/AKT/mTOR 
pathway (9). The PTEN gene is deleted or weakly expressed 
in leukemia, which was found to be associated with promoter 
methylation  (9). Furthermore, downregulation of PTEN 
expression leads to continuous activation of the PI3K/AKT 
signaling pathway (10,11).

In the epigenetic regulation of ALL cells, key microRNAs 
(miRs), including miR‑21, ‑22, ‑93‑a and ‑221, activate the 
PI3K/AKT/mTOR signaling pathway through PTEN inhibi‑
tion, thus affecting the migration activity of ALL cancer 
cells, drug resistance, and adverse outcomes in pediatric 
patients (12). Another common epigenetic change that medi‑
ates tumor occurrence is DNA methylation, which leads to the 
silencing of tumor suppressor genes (TSGs), thereby inducing 
the transformation of normal cells into cancer cells  (13). 
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Therefore, inhibiting DNA methylation and activating silent 
TSGs could serve as a new approach for cancer therapy (14). 
Decitabine is a demethylation agent exerting antitumor effects 
that can reverse the methylation of CpG sites and restore meth‑
ylation patterns in the silent TSGs (15).

Decitabine has been used for the treatment of myelodys‑
plastic syndrome and acute/chronic myeloid leukemia (16‑18). 
However, decitabine has not been used for T‑ALL treatment, 
and basic research demonstrating its therapeutic effect for 
T‑ALL is limited. The present study aimed to investigate the 
inhibitory effects of decitabine on the T‑ALL molt4 cell line. 
In addition, decitabine‑mediated regulation of PTEN expres‑
sion, genes in the PI3K/AKT/mTOR pathway and downstream 
oncogenes were analyzed.

Materials and methods

Cell lines and cell culture. Contaminant‑free molt4 cell line 
with short tandem repeat lineage certification was provided 
by Jiangsu KGI Biotechnology Co., Ltd.. The culture medium 
contained 90% RPMI‑1640 (Gibco; Thermo Fisher Scientific, 
Inc.) and 10% fetal bovine serum (Shanghai ExCell Biology, 
Inc.). Cells were cultured at 37˚C with 5% CO2 in a saturated 
humidity environment. Upon reaching 80‑90% confluence, 
cells were centrifuged at 220 x g for 5 min at room temperature 
and passaged at a 1:3 ratio. Further experiments were carried 
out, when the cells reached the required density.

Cell proliferation assay. Molt4 cells were cultured in 96‑well 
culture plates at a concentration of 5x104 cells/ml and 100 µl 
cell culture medium per well. After 24 h of incubation at 37˚C, 
the medium was discarded, and the cells were washed with 
phosphate buffer saline (PBS). Culture medium containing 
varying concentrations of decitabine (0.00625, 0.0125, 0.025, 
0.05, 0.1, 0.5, 1.0, 5.0, 10.0, 50.0, and 100 µM) was added 
for the cell proliferation assay. A negative control (without 
decitabine) was also prepared and added to eight wells in each 
group. The 96‑well plate cells were cultured for 24, 48, 72 
and 96 h and treated with 10 µl Cell Counting kit (CCK)‑8 
(Dojindo Molecular Technologies, Inc.) for 3 h according to 
the manufacturer's protocol. After blending, optical density 
(OD) was measured at λ=450 nm. The half maximal inhibi‑
tory concentration (IC50) was calculated using probability unit 
weighted regression (Bliss method), and the drug inhibition rate 
was calculated utilizing the following formula (19): Inhibition 
rate (%)=negative control group‑experimental group/negative 
group x100. The data are based on three independent experi‑
ments with four replicates per sample in each experiment.

Apoptosis analysis. Annexin V‑FITC/PI double staining kit 
(Jiangsu Kaiji Biotechnology Co., Ltd.) was used to detect 
cell apoptosis, both early (Annexin V‑FITC+/PI‑) and late 
stage (Annexin V‑FITC+/PI+). Logarithmic phase cells 
were inoculated into 6‑well plates. After cell adherence, the 
aforementioned culture medium was replaced with medium 
containing different concentrations of decitabine (1, 10 and 
50  µM). A negative control without decitabine was also 
prepared. After 96 h of decitabine stimulation at 37˚C, the 
cells were collected, centrifuged at 300 x g at 37˚C for 5 min 
and washed with PBS. Next, the cell density was adjusted to 

5x105 cells in 500 µl binding buffer (Jiangsu KGI Biotechnology 
Co., Ltd.) using an Automated Cell Counter (Thermo Fisher 
Scientific, Inc.), and subsequently 5 µl Annexin V‑FITC and 
5 µl propidium iodide were added to the 500‑µl cell suspension 
for incubation at 37˚C for 10 min in dark. Apoptotic cells were 
detected using flow cytometry with FACSCalibur (CellQuest 
Pro, version 6.0, BD Biosciences) after 5 to 15 min of reaction 
in the dark.

Cell cycle detection. Logarithmic growth phase cells were 
inoculated into six‑well plates, and the culture medium was 
replaced with medium containing different concentrations 
of decitabine (1, 10 and 50 µM) after adherence. After 96 h 
in culture at 37˚C, cells were digested with 0.25% pancre‑
atin (without EDTA) and washed with PBS. Subsequently, 
5x105 cells were collected and fixed with 70% ethanol over‑
night at 4˚C. After washing with 70% PBS and centrifugation 
at 220 x g for 5 min at room temperature, cells were treated 
with 100 ml RNase A and incubated at 37˚C for 30 min. 
Next, cells were incubated with 400 µl PI dye (Jiangsu Kaiji 
Biotechnology Co., Ltd.) and mixed at 4˚C for 30 min in the 
dark. Red fluorescence was measured (FACSCalibur; BD 
Biosciences) and analyzed (FACScan software; version 6.0; 
BD Biosciences) at the re‑excitation wavelength of 488 nm. 
Three independent experiments were carried out.

Transmission electron microscope (TEM) analysis. Molt4 
cells stimulated with varying concentrations of decitabine 
(1, 10 and 50 µM) and the negative control were analyzed after 
96 h of incubation at 37˚C. The cells were washed with PBS, 
placed in fresh tubes, fixed with PBS containing 2.5% glutar‑
aldehyde for 2 h at 4˚C, and washed with 0.1 M PBS. Next, 
cells were post‑fixed with 1% osmium acid solution for 3 h at 
4˚C, dehydrated sequentially in 50, 70, 90 and 100% ethanol 
for 15 min each (three times in 100% ethanol), embedded 
in epoxy resin and cut into 50‑nm thick sections. After 3% 
uranium citrate staining for 30 min at room temperature, 
samples were observed under a TEM (magnification, x50) and 
images were captured.

Reverse transcription‑quantitative (RT‑q)PCR. Cells were 
collected after stimulation with varying concentrations of 
decitabine (0, 1, 10 and 50 µM). Cells were treated with 1 ml 
TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc.), incubated 
with chloroform for 3 min at room temperature, and then 
centrifuged at 12,000 x g at 4˚C for 15 min. The supernatant 
was collected, mixed with 0.6 ml of isopropanol for 10 min, and 
centrifuged at 12,000 g at 4˚C for 10 min. After discarding the 
supernatant, 70% ethanol was added to the cells, and they were 
centrifuged at 7,500 g at 4˚C for 10 min. RNA concentration 
was measured after discarding the supernatant and suspending 
the pellet in DNase/RNase‑free ultrapure water (Table SI). 
Reverse transcription was performed to synthesize cDNA 
(catalog no. K1632; Fermentas; Thermo Fisher Scientific, Inc.). 
After PCR amplification, the reaction system contained 10 µl 
real‑time PCR Master Mix (catalog no. EP0702; Fermentas; 
Thermo Fisher Scientific, Inc.), 1 µl DNA template, 2 µl each 
primer and 7 µl 0.1% DEPC water. The thermocycling condi‑
tions were as follows: Pre‑denaturation at 95˚C for 5 min; 
40 cycles of 95˚C for 15 sec, 60˚C for 20 sec and 72˚C for 
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40 sec; extension at 95˚C for 15 sec, 60˚C for 1 min and 95˚C 
for 15 sec, the fluorophore (cat no. DA7600; Zhongshan Bio 
Tech Co., Ltd.). The customized primers used for amplifica‑
tion are listed in Table I and GAPDH was used as the control 
(Jiangsu KeyGen Biotechnology Co., Ltd.). Three independent 
experiments were carried out. The relative expressions of the 
genes were calculated utilizing the 2‑ΔΔCq method (20).

Western blotting. Cells stimulated with varying concentra‑
tions of decitabine (0, 1, 10 and 50 µM) were collected. Total 
proteins were extracted after cell lysis (no. KGP701‑100; Cell 
lysis buffer for Western; Jiangsu KeyGen Biotechnology Co., 
Ltd.). The protein concentration was determined using the 
bicinchoninic acid method. The OD value was measured at the 
wavelength of 520 nm (Jiangsu KeyGen Biotechnology Co., 
Ltd.).

Sodium dodecyl sulfate‑polyacrylamide gel electrophoresis 
(SDS‑PAGE) was performed using a 12% separating gel and 
5% layering gel. For sample preparation, 15 µl protein lysate 
was mixed with 5 µl SDS buffer and sampled. The membrane 
was transferred after electrophoresis at the voltage of 60 to 
90 V. After cleaning and sealing the cellulose nitrate membrane 
containing protein, the corresponding antibodies against 
eukaryotic initiating factor 4E‑binding protein (4EBP)1, AKT, 
MTOR, P70S6, PI3K, PTEN and GAPDH were added, and the 
membranes were incubated overnight at 4˚C. After washing 
with 0.05% Tween‑20 (catalog no. TA‑999‑TT; Thermo Fisher 
Scientific, Inc.), goat anti‑rabbit secondary antibodies were 
added. Antibody details are presented Table SII. An enhanced 
chemiluminescence kit (Jiangsu KGI Biotechnology Co., Ltd.) 
was used for coloration and to capture images for analysis. 
Signal intensities were quantified utilizing the Gel‑Pro32 
analyzer software (Media Cybernetics, Inc.). The relative 
expression ratio of target proteins was calculated as follows: 
Relative expression ratio of target protein integrated optical 
density (IOD)/GAPDH IOD. Three independent experiments 
were carried out and Gel‑Proanalyzer version 4.0 software 
(Media Cybernetics) was used for densitometry.

Statistical analysis. Data are presented as mean ± standard 
deviation. Unpaired Student's t‑tests and Mann‑Whitney tests 
were used to compare significant differences between groups. 
Normality and homogeneity of variance were calculated. Then 
one‑way ANOVA was performed to compare differences 

among the groups with Tukey's post hoc test. SPSS version 
18 (SPSS Inc.) was used for statistical analysis. P<0.05 was 
considered statistically significant.

Results

Decitabine inhibits the proliferation of molt4 cells. The 
effects of different decitabine concentrations on molt4 cell 
proliferation at various time points are presented in Table II. 
Overall, after 24 h of incubation with different concentra‑
tions of decitabine, it was observed that 100 µM decitabine 
had the greatest inhibitory effect on cell proliferation at 
18.59% (P<0.01). The inhibitory rate gradually decreased 
with decreasing decitabine concentrations, reaching‑2.62% 
at 0.00625 µM (P=0.035) (Fig. 1A). The inhibition rate of 
cell proliferation was 32.56% at 100 µM decitabine after 48 h 
of treatment (P<0.01). Lowering the decitabine concentra‑
tion decreased the inhibition rate to 1.15% at 0.00625 mM 
(P=0.286) (Fig. 1B). Treatment with 100 µM decitabine for 
72 h led to an inhibition rate of 54.20% (P<0.01). Treatment 
with lower concentrations of decitabine reduced the inhibi‑
tion rate to 2.81% at 0.00625 µM (P=0.179). In addition, 
the IC50 was 84.461 µM after 72 h of treatment (Fig. 1C). 
After 96 h of stimulation, the inhibition rate was 69.85% at 
100 µM decitabine. Moreover, the inhibition rate gradually 
decreased to 18.48% at 0.00625 µM decitabine. Therefore, 
the IC50 was 10.113 µM after 96 h of treatment (Fig. 1D). 
These data demonstrated that decitabine inhibited the 
proliferation of molt 4 cells in a dose and time‑dependent 
manner.

Decitabine induces molt4 apoptosis. Apoptosis was detected 
using Annexin V‑FITC/PI double staining. Flow cytometry 
analysis showed that the percentage of apoptotic cells in the 
negative control group was 2.27% (Fig. 2A). Cells treated with 
1, 10 and 50 µM decitabine exhibited apoptosis rates of 20.9, 
43.7 and 62.38%, respectively (Fig. 2B‑E). Decitabine induced 
molt4 cells apoptosis in a dose‑dependent manner.

Effect of decitabine on the cell cycle. In cells that were not 
treated with decitabine, the percentage of cells in the G1, S 
and G2 phases were 51.09, 35.52 and 13.39%, respectively 
(Fig. 3A). The percentage of cells in the G1, S and G2 phases 
were 49.32, 28.26 and 22.42%, respectively, after 48 h 

Table I. Primers of target genes for reverse transcription‑quantitative PCR detection.

Target gene	 Forward sequence, 5'‑3'	 Reverse sequence, 5'‑3'

4EBP1	 CAAGGGATCTGCCCACCATT	 AACTGTGACTCTTCACCGCC
AKT	 GGCTATTGTGAAGGAGGGTTG	 TCCTTGTAGCCAATGAAGGTG
GAPDH	 TGTTGCCATCAATGACCCCTT	 CTCCACGACGTACTCAGCG
mTOR 	 ATTTGATCAGGTGTGCCAGT	 GCTTAGGACATGGTTCATGG
P70S6 	 CGGGTACTTGGTAAAGGGGG	 TGCCTTTTTAAGCACCTTCATGG
PI3K	 ATGCAAATTCAGTGCAAAGG	 CGTGTAAACAGGTCAATGGC
PTEN	 CAAGATGATGTTTGAAACTATTCCAATG	 CCTTTAGCTGGCAGACCACAA

4EBP1, eukaryotic initiating factor 4E‑binding protein 1; PTEN, phosphate and tension homology.
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treatment with 50 µM decitabine (Fig. 3B). After 72 h treat‑
ment with 50 µM decitabine, the percentage of cells in the G1, 
S and G2 phases were 46.00, 25.57 and 28.44% (Fig. 3C). The 
percentage of cells in the G1, S and G2 phases were 45.13, 19.56 
and 35.31%, respectively, after 96 h treatment with 50 µM 

decitabine (Fig. 3D). Increasing the decitabine concentration 
decreased the proportion of cells in the S phase and gradually 
increased the proportion of cells in the G2 phase (Fig. 3A‑D). 
Three independent experiments were carried out and provided 
very similar results. These results indicated that the majority 

Table II. Effects of different concentrations of decitabine on the inhibitive rate of molt4 cells proliferation at various time points.

	 Time after intervention, h
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 24	 48	 72	 96
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑‑‑‑‑‑‑‑
		  Inhibition		  Inhibition		  Inhibition		  Inhibition
Concentration, µM	 OD±SD	 rate, %	 OD±SD	 rate, %	 OD±SD	 rate, %	 OD±SD	 rate, %

NC	 2.25±0.03	 ‑	 2.05±0.04	 ‑	 2.01±0.04	 ‑	 2.50±0.05	 ‑
100	 1.83±0.09b	 18.59	 1.38±0.06b	 32.56	 0.92±0.03b	 54.20	 0.75±0.04b	 69.85
50	 1.90±0.07b	 15.69	 1.47±0.05b	 27.95	 1.06±0.07b	 47.15	 0.84±0.08b	 66.36
10	 1.91±0.08b	 15.38	 1.69±0.06b	 17.20	 1.71±0.07b	 14.96	 1.39±0.07b	 44.46
5	 1.95±0.05b	 13.31	 1.71±0.07b	 16.25	 1.72±0.02b	 14.56	 1.48±0.06b	 40.77
1	 2.08±0.08b	 7.51	 1.84±0.05b	 9.96	 1.73±0.08b	 13.98	 1.80±0.10b	 27.97
0.5	 2.20±0.02a	 2.34	 1.88±0.07b	 8.13	 1.81±0.08b	 10.00	 1.81±0.10b	 27.39
0.1	 2.21±0.07	 1.98	 1.88±0.07b	 7.90	 1.82±0.08b	 9.30	 1.83±0.04b	 26.73
0.05	 2.30±0.04	 ‑2.22	 1.94±0.07a	 5.39	 1.85±0.06b	 8.02	 1.84±0.05b	 26.36
0.025	 2.27±0.04	 ‑0.67	 1.94±0.08a	 5.22	 1.86±0.05b	 7.40	 1.94±0.06b	 22.24
0.0125	 2.33±0.07	 ‑3.27	 2.00±0.03	 2.08	 1.95±0.04	 2.85	 2.00±0.10b	 20.12
0.00625	 2.31±0.04a	 ‑2.62	 2.02±0.03	 1.15%	 1.95±0.07	 2.81	 2.04±0.05b	 18.48

aP<0.05 and bP<0.01 vs. NC. OD, optical density; NC, negative control.

Figure 1. Effect of different decitabine concentrations on the inhibition of molt4 cells proliferation at (A) 24, (B) 48, (C) 72 and (D) 96 h. The presented data 
are based on three independent experiments with four replicates per treatment in each experiment. *P<0.05 vs. negative control.
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of molt4 cells were arrested in the G2 phase after decitabine 
stimulation.

TEM detection. Molt4 cells that were not treated with 
decitabine showed normal cell morphology, and lipid drop‑
lets were observed in the cytoplasm of a subset of the cells 
(Fig. 4A and B). The number of lipid droplets (Fig. 4C and D) 
and damaged mitochondrial cells (Fig.  4C‑H) increased 
gradually with higher decitabine concentrations. Autophagic 
body‑like structures were observed in the cells after treatment 
with 50 µM decitabine (Fig. 4H). The effect of decitabine on 
molt4 was mainly manifested as mitochondrial damage and 
the autophagosomal‑like structure formation, and the degree 
of damage was concentration‑dependent.

Decitabine downregulates mRNA levels PI3K/AKT/mTOR 
pathway components partly by upregulating PTEN expres‑
sion. The RT‑qPCR results showed that PI3K mRNA levels 
gradually decreased at decitabine concentrations >10 µM 
compared with those in the negative control group after 96 h 
of intervention. In addition, the mRNA levels of AKT, mTOR, 
p70S6 and 4EBP1 significantly decreased, when the cells 
were treated with decitabine concentrations >1 µM. PTEN 
mRNA expression was upregulated in cells treated with 1 
and 10 µM decitabine but was downregulated after treatment 
with 50 µM decitabine (Fig. 5 and Table III). Decitabine could 
downregulate mRNA levels PI3K/AKT/mTOR pathway with 
concentration increasing.

Decitabine downregulates levels of proteins involved in the 
PI3K/AKT/mTOR pathway. Western blotting results indicated 
that PTEN protein levels were slightly increased after 96 h of 
intervention with 1 to 50 µM decitabine. However, the protein 
expression of PI3K, AKT, mTOR, total P70S6 and 4EBP1 
was downregulated (Fig. 6 and Table SIII). However, only at 

50 µM decitabine intervention, protein levels of mTOR, P70S6 
and 4EBP1 had statistical difference compared with 0 µM. No 
other statistical difference was found. So, Decitabine down‑
regulated levels of proteins involved in the PI3K/AKT/mTOR 
pathway at 50 µM concentration.

Discussion

The present study demonstrated that decitabine can induce 
apoptosis and inhibit proliferation in molt4 cells. Cell cycle 
analysis showed that the majority of molt4 cells were arrested 
in the G2 phase, indicating that the cells did not enter the mitotic 
phase, since they needed to repair damaged DNA after replica‑
tion (21). In terms of affected subcellular structures, decitabine 
increased the production of lipid droplets and autophagosomes 
and promoted mitochondrial damage.

In the PI3K/AKT/mTOR signaling pathway, PI3K can phos‑
phorylate PIP2 to PIP3. Moreover, PIP3 recruits and activates 
AKT (Ser 308 phosphorylation) as a secondary messenger. 
Following AKT activation, the mTOR complex is further 
activated to regulate protein synthesis (22,23). The primary 
downstream effectors include ribosomal p70S6 and 4EBP1, 
which further promote cell proliferation, and invasion (24). 
PTEN can block the phosphorylation of PIP2 to PIP3, thereby 
preventing the activation of this pathway (25,26). In the present 
study, analysis of PI3K/AKT/mTOR pathway showed that 
decitabine downregulated the mRNA expression of compo‑
nents involved in the pathway, including PI3K, AKT, mTOR, 
P70S6 and 4EBP1. In addition, PTEN mRNA expression was 
upregulated in cells treated with low decitabine concentrations 
of 1 and 10 µM. However, PTEN mRNA expression was down‑
regulated at high decitabine concentrations of 50 µM. Higher 
decitabine concentrations caused a slight increase in PTEN 
protein levels and significantly downregulated the mRNA 
expression of PI3K, AKT and mTOR. Decreased 4EBP1 and 

Figure 2. Effect of different decitabine concentrations on the apoptosis of molt4 cells at 96 h. (A) Negative control. (B) 1 µM. (C) 10 µM. (D) 50 µM. (E) Bar 
chart showing the percentage of apoptotic cells. Quadrant meaning: Upper left, Annexin V‑/PI +; upper right, Annexin V+/PI+; lower left, Annexin V‑/PI‑; 
lower right, Annexin V+/PI‑.

https://www.spandidos-publications.com/10.3892/ol.2021.12601
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Figure 3. Effect of different decitabine concentrations on the cell cycle of molt4 cells at 96 h. (A) Negative control. (B) 1 µM. (C) 10 µM. (D) 50 µM. The pizza 
chart shows the proportion of cells in each phase of the cell cycle. (E) Cell cycle of molt4 cells treated with decitabine at different concentrations for 96 h and 
detected using flow cytometry.
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P70S6 expression in mRNA and protein levels also indicated 
that decitabine indirectly inhibited the PI3K/AKT/mTOR 
pathway. Therefore, altered PTEN mRNA expression does not 
completely explain the observed inhibitory effect of decitabine 
on the viability of molt4 cells. Overall, low decitabine concen‑
trations may have upregulated PTEN mRNA expression by 
suppressing the methylation of PTEN DNA to inhibit the 
activity of the PI3K/AKT/mTOR pathway in molt4 cells, turn 
affecting cell proliferation and promoting apoptosis. At high 
decitabine concentrations, other mechanisms may exist that 
can regulate the PI3K/AKT/mTOR pathway and further influ‑
ence the proliferation of molt4 cells. However, the biological 
effects of the slightly increased PTEN protein levels should 
not be overlooked, although no significant expression changes 
were observed.

In a previous study, 5  µM decitabine treatment for 
4 days increased the sensitivity of drug‑resistant molt4 cells 
to daunorubicin and doxorubicin, and downregulated the 
expression of ABCB1/P‑glycoprotein (27). In present results, 
it indicated that the proliferative inhibition IC50 of decitabine 
was 84.461 µM at 72 h, and the IC50 was 10.113 µM at 96 h 
of treatment, therefore prolonged treatment with decitabine 
requires a lower drug concentration to inhibit cell proliferation 
and promote apoptosis. Prolonging the duration of drug action 

(>96 h) or increasing the concentration of decitabine (>5 µM) 
could further inhibit cell activity. These results suggested that 
treatment with 5‑10 µM decitabine for 4 days can inhibit the 
proliferation of molt4 cells and increased the sensitivity of 
these cells to decitabine. These effects are further enhanced 
with a prolonged treatment time and higher drug concentra‑
tion. However, in clinical applications, toxicity still needs to 
be considered, and low concentrations administered for long 
periods may potentially diminish the toxic side effects in 
normal cells (28,29).

In another study, the proliferation inhibition rate of 0.5 µM 
decitabine on molt4 cells was 69.76±2.2% and the apoptotic 
rate was 37.75±3.87%. Under these conditions, the percentage 
of G0/G1 cells was significantly increased. The lactotransferrin 
(LTF) gene was analyzed after screening for differentially 
expressed genes in the transcriptome. The methylation rate of 
the CpG sites of LTF gene promoter decreased from 72.3 to 
45.0% after 72 h treatment with 0.5 µM decitabine, which in 
turn upregulated LTF gene expression (30). The concentration 
of decitabine used in the present report was low with a short 
treatment period, but it effectively inhibited cell proliferation 
and promoted apoptosis. In the present study, the inhibition 
rate was ~10% after 72  h of 0.5  µM decitabine interven‑
tion, and the apoptotic rate ranged only between 2.27 and 
20.90%. In addition, LTF acts as a tumor suppressor protein 
that inhibits the proliferation and metastasis of tumors and is 
known to exert antimicrobial, anti‑viral and immune regula‑
tory effects (31‑33). LTF expression levels are low in molt4 
cells without decitabine intervention but were observed to 
significantly increase after intervention (30). Therefore, these 
results suggested that LTF expression plays a major role in the 
inhibition of cancer cells under short‑term treatment with low 
concentrations of decitabine. The present results confirmed 
that 1 and 10 µM decitabine can inhibit proliferation, promote 
apoptosis and induce G2 cycle arrest by increasing PTEN 
expression and inhibiting the PI3K/AKT/mTOR pathway in 
molt4 cells. However, the downregulation of PTEN expres‑
sion decreased at 50 µM decitabine, which suggested that the 
PI3K/AKT/mTOR pathway is not regulated via DNA methyla‑
tion inhibition of the PTEN gene at relatively high decitabine 
concentrations. Other basic studies have showed that not 
only PTEN, but also Notch 1 (3) and RAS (34), can regulate 
the PI3K/AKT/mTOR pathway. Therefore, the upregulated 
expression of other TSGs could also be involved in the 
decitabine‑induced decrease in the viability of tumor cells and 
regulation of the PI3K/AKT/mTOR pathway.

Various studies have indicated that different concentrations 
of decitabine are required to inhibit molt4 viability (27,30). 
Therefore, other potential factors may affect the results, such as 
culture conditions, cell passage, cell activity and gene expres‑
sion levels. In addition, the findings of the aforementioned 
studies and the present report indicate that decitabine exerts 
inhibitory effects on molt4 cells in a time‑ and dose‑dependent 
manner (30). The effect of decitabine on cells progresses over 
time and with increased concentrations. At low concentrations 
and short treatment times, decitabine preferentially acts on 
the more active DNA methylation genes that usually induce 
TSGs. At higher concentrations and prolonged treatment 
times, decitabine can inhibit a higher number of DNA meth‑
ylation genes and consequently affect tumor cell viability (30). 

Figure 4. Subcellular morphology of molt4 cells after treatment with different 
decitabine concentrations for 96 h observed under a transmission electron 
microscope. (A and B) Negative control. (C and D) 1 µM. (E and F) 10 µM. 
(G and H) 50 µM. The red, blue and black arrows indicate lipid droplets, 
mitochondrial damage and an autophagic body‑like structure, respectively. 
Scale bar, 2 or 0.5 µm.

https://www.spandidos-publications.com/10.3892/ol.2021.12601
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Therefore, analyses based on epigenomics and transcriptome 
studies with a single concentration and at a single time point do 

not completely reflect the inhibitory mechanism of decitabine 
on tumor cells (30,35,36).

Figure 5. Reverse transcription‑quantitative PCR detection of the PI3K/AKT/mTOR pathway and related gene expression in molt4 cells for different concentra‑
tions of decitabine. It indicated decitabine downregulates mRNA levels PI3K/AKT/mTOR pathway components partly by upregulating PTEN expression. 
Presented data are based on three independent experiments. Error bars indicate standard deviations.

Figure 6. Effect of different decitabine concentrations on PI3K/AKT/mTOR pathway and related protein expression in molt4 cells. It indicated decitabine 
downregulates levels of proteins involved in the PI3K/AKT/mTOR pathway. Presented data are based on three independent experiments. Relative expression 
ratio of target proteins was calculated as follows: Relative expression ratio of target protein IOD/GAPDH IOD. IOD, integrated optical density.

Table III. Reverse transcription‑quantitative PCR results for PI3K/AKT/mTOR pathway and related gene expression in molt4 
cells after treatment with different decitabine concentrations.

Decitabine, µM	 PI3K	 AKT	 mTOR	 PTEN	 p70s6	 4EBP1

0	 1.000±0.014	 1.000±0.001	 1.000±0.007	 1.000±0.006	 1.000±0.008	 1.000±0.004
1	 1.013±0.005	 0.983±0.002b	 0.968±0.002a	 1.034±0.007b	 0.981±0.006a	 0.967±0.011a

10	 0.932±0.003a	 0.967±0.0004b	 0.943±0.006b	 1.001±0.007	 0.979±0.003a	 0.958±0.007b

50	 0.929±0.001a	 0.937±0.014a	 0.928±0.001b	 0.952±0.009b	 0.952±0.010b	 0.931±0.006b

aP<0.05 and bP<0.01 vs. 0 µM. 4EBP1, eukaryotic initiating factor 4E‑binding protein 1; PTEN, phosphate and tension homology.
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Previous findings demonstrated that decitabine exerts 
its effects on molt4 cells in a dose‑ and time‑dependent 
manner  (27,30). The present study only analyzed changes 
in the gene expression of PTEN and genes involved in the 
PI3K/AKT/mTOR pathway, and did not detect the methylation 
levels of CpG sites and the phosphorylation levels of AKT and 
mTOR. Furthermore, epigenomics and transcriptome analyses 
were not conducted. Decitabine can markedly inhibit DNA 
methyltransferase (27). In further studies, transcriptome anal‑
yses will be performed to investigate gene expression in molt4 
cells at different concentrations of decitabine and at different 
time points. The dynamic inhibitory effects of decitabine 
should be evaluated to elucidate the underlying mechanisms 
of function in molt4 cells and other T‑ALL cell lines.

In conclusion, decitabine can inhibit cell proliferation, 
induce cell cycle arrest in the G2 phase and induce apop‑
tosis in molt4 cells. Additionally, on the subcellular 
morphological level, decitabine can increase the production 
of lipid droplets and autophagosomes and induce mito‑
chondrial damage. Decitabine intervention inhibited the 
activity of the PI3K/AKT/mTOR pathway, whereas PTEN 
levels were upregulated upon treatment with and 10 µM 
decitabine. However, PTEN levels were downregulated 
after treatment with 50 µM decitabine, which suggested 
the PI3K/AKT/mTOR pathway is not regulated via DNA 
methylation inhibition of the PTEN gene this concentra‑
tion. The present results provided evidence to highlight the 
importance of investigating the dose and time‑dependent 
effects of decitabine on molt4 cells.
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