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Abstract
Background: In the new era of tailored cancer treatment strategies, finding 
a molecule to regulate a wide range of intracellular functions is valuable. The 
unique property of nuclear receptor peroxisome proliferator-activated receptor-γ 
(PPARγ; PPARG) in transmitting the anti-survival signals of the chemotherapeu-
tic drugs has fired the enthusiasm into the application of this receptor in cancer 
treatment.
Objectives: We aimed to investigate the expression of PPARγ and one of its 
downstream targets PTEN in non-M3 acute myeloid leukemia (AML) patients. 
We also investigated the therapeutic value of PPARγ stimulation using pioglita-
zone in the AML-derived U937 cell line.
Methods: The blood samples from 30 patients diagnosed with non-M3 AML as 
well as 10 healthy individuals were collected and the mRNA expression levels of 
PPARγ and PTEN were evaluated. Additionally, we used trypan blue assay, MTT 
assay, and flow cytometry analysis to evaluate the anti-leukemic effects of piogl-
itazone on U937 cells.
Results: While PTEN was significantly downregulated in AML patients as com-
pared to the control group, the expression of PPARγ was increased in the patients’ 
group. The expression level of PPARγ was also negatively correlated with PTEN; 
however, it was not statistically significant. Besides, PPARγ stimulation using pi-
oglitazone reduced survival and proliferative capacity of U937 cells through in-
ducing apoptosis and suppression of cell transition from the G1 phase of the cell 
cycle.
Conclusion: The results of the present study shed more light on the importance 
of PPARγ and its stimulation in the therapeutic strategies of AML.
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1   |   INTRODUCTION

Conducive molecular targets have become incumbent for 
the development of new agents for the treatment of human 
cancers with lower side effects as well as higher anticancer 
properties. Members of the nuclear receptor superfamily 
(steroid receptors and their relatives) are putative cancer 
therapy targets because they function as transcription fac-
tors that control the expression of many genes related to 
the process of carcinogenesis (Safe et al., 2014). Peroxisome 
proliferator-activated receptor-γ (PPARγ; PPARG; OMIM 
number *601487) codes for a singular nuclear hormone 
receptor in the superfamily of ligand-activated transcrip-
tional factors that is believed to be involved in the regula-
tion of lipid metabolism and has a significant role in the 
regulation of a broad range of cellular functions, including 
insulin sensitization, inflammatory responses, and apopto-
sis (Robbins & Nie, 2012). Aside from these, PPARγ has a 
hand in the propagation of the signaling, mainly through 
interacting with the well-known tumor suppressor protein 
PTEN (translated from the PTEN gene; OMIM number 
*601728) that counteract tumor cells and reduce their sur-
vival (Patel et al., 2001). In a considerable number of stud-
ies, it has been claimed that the over expression of PPARγ in 
cancer cells is a determining factor in the favorable response 
rate of neoplastic cells to the anticancer drugs (Papadaki 
et al., 2005; Sato et al., 2000). The importance of PPARγ 
expression in the therapeutic approaches is to the extent 
that it has been revealed that the expression of this nuclear 
receptor is upregulated in cancer cells in the presence of 
anticancer agents, suggestive of the adjunctive effect of this 
receptor in the therapeutic strategies (Reddy et al., 2008). 
This unique characteristic fired an enthusiasm to evaluate 
whether the stimulation of PPARγ in cancer cells could be 
a promising approach in cancer treatment strategies. From 
that moment, a stream of PPARγ ligands found their way 
into cancer research studies to find the best stimulator 
with the highest anticancer property (Cariou et al., 2012). 
However, among a long list of natural or synthetic ligands, 
pioglitazone as an FDA-approved thiazolidinedione (TZD) 
drug for the treatment of diabetes type II attracted tremen-
dous attention due to its promising results in preclinical 
studies (Blanquicett et al., 2008).

In the shadow of controlling the blood glucose level, pi-
oglitazone has shown a valuable efficacy in the reduction of 
cell survival in different types of human cancers. It has been 

indicated that pioglitazone could effectively suppress the pro-
liferation and induce apoptosis in breast and prostate cancer 
cells with elevated expression of PPARγ (Fenner & Elstner, 
2005; Suzuki et al., 2016). Moreover, the stimulation of 
PPARγ in cancer cells using pioglitazone could induce apop-
tosis and cell cycle arrest through suppressing the activation 
of signal transducers and activator of transcription 3 (STAT3) 
and BIRC5 (SURVIVIN; OMIM number *603352) expression, 
and enhancing the apoptosis-inducing factor (AIF) levels in 
the cells (Tsubaki et al., 2018). Pioglitazone also showed to be 
a promising agent in the treatment strategy of other solid tu-
mors, including colorectal cancer (Lin et al., 2007), Barrett's 
carcinoma (Al-Taie et al., 2009), bladder cancer (Lv et al., 
2019), and glioblastoma (Ching et al., 2015). The favorable 
anticancer effects of pioglitazone have also been reported in 
acute promyelocytic leukemia (APL), either as a single agent 
or in combination with chemotherapeutic agents (Esmaeili 
et al., 2020a, 2020b). Given the promising results of piogli-
tazone in human leukemia, it was of particular interest to 
evaluate whether there is a difference in the expression level 
of PPARγ in acute myeloid leukemia (AML) patients and also 
to examine the therapeutic efficacy of pioglitazone in AML-
derived U937 cells.

2   |   PATIENTS AND METHODS

2.1  |  Sample collection, cell culture, and 
reagents

For evaluating the expression of PPARγ and its downstream 
target PTEN in acute leukemia, the peripheral blood sam-
ples from patients diagnosed with de-novo acute myeloid 
leukemia (AML) according to French-American-British 
(FAB) classification from October 2018 to August 2019 
were collected. Given the distinguished pathogenesis of 
AML-M3 patients with other subtypes of AMLs, the sam-
ples from this group (13.5% of total samples) were excluded 
from our study. Table 1 provided the characteristics of 30 
non-M3 AML patients. Among all patients, 56% (17 out of 
30) were male and 44% (13 out of 30) were female with an 
average age of 49 years old for both groups. To better ana-
lyze our data, we also collected the blood from 10 healthy 
counterparts. The utilized research protocol in the present 
study was approved by the Research Ethics Committee 
at the Shahid Beheshti University of Medical Sciences 	

K E Y W O R D S

acute myeloid leukemia, peroxisome proliferator-activated receptor-γ, pioglitazone, PPARγ, 
PTEN



      |  3 of 12ESMAEILI et al.

(IR.SBMU.RETECH.REC.1399.310). The informed con-
sent according to the statement of Helsinki was also given 
to all participants.

2.2  |  Sample preparation and gene 
expression analysis

Once after the blood collection, peripheral blood mono-
nuclear cells (PBMCs) were isolated by Ficoll-Hypaque 
(Lymphodex, inno-Train) density gradient centrifuga-
tion at 400g for 20 min. The isolated PBMCs were washed 
twice with PBS and then their RNAs were extracted with 
the High Pure RNA isolation kit as recommended by the 
provider (Qiagen). After confirming the quantity of the ex-
tracted RNA by Nanodrop ND-1000 (Optical Density (OD) 
260/280 nm ratio >1.8), the reverse transcription reaction 
was performed using the cDNA synthesis Thermo fermen-
tas kit (Thermoscientific). For gene expression analysis, 
the relevant synthesized cDNAs were subjected to quan-
titative real-time PCR (qRT-PCR) using SYBR Premix Ex 
Taq technology (Takara BIO) on a light cycler instrument 
(Roche Diagnostics). We provided a reaction mixture with 
the final volume of 15 μl containing 2 μl cDNA, 1 μl of for-
ward and reverse primers (10 pmol), 7.5 μl of Master Mix, 
and 4.5 μl of water. The reaction mixture was then placed 
in a light cycler instrument with the thermal cycling 
schedule explained in our previous studies (Safaroghli-
Azar et al., 2019). Phosphoribosyl ABL1 (OMIM number 
*189980; NM_007313.3) was amplified as the housekeep-
ing gene and fold change in expression of the target genes 
PPARG (NM_001354666.3) and PTEN (NM_000314.8) 
relative to ABL1 was calculated on the basis of compara-
tive on 2−ΔΔCt relative expression formula. The sequences 
of the primers used for Real-Time RT-PCR are listed in 
Table 1.

2.3  |  Cell culture and drug treatment

The human cell line of AML U937 was grown in RPMI 
1640 medium supplemented with 10% fetal bovine serum 
(Gibco) and 1% penicillin/streptomycin maintained in 5% 
CO2 at 37°C in a humidified incubator. After reaching the 

proper confluency, U937 cells were treated with increas-
ing concentrations of PPARγ ligand, pioglitazone, which 
its stock was provided by resolving the powder in sterile 
dimethyl sulfoxide (DMSO). In addition to the negative 
control (no inhibitor), U937 cells were treated with the 
corresponding concentration of DMSO as an alternative 
negative control.

2.4  |  Trypan blue exclusion test of cell 
count and viability

The trypan blue assay was used to evaluate the viabil-
ity of U937 cells upon treatment with increasing con-
centrations of pioglitazone. After drug treatment and 
at the relevant time interval, 20  µl from each sample 
was collected and were mixed with 20 µl of 0.4% trypan 
blue (Invitrogen). The mixtures were incubated at room 
temperature for 1–2  min and then were loaded onto a 
Neubauer hemocytometer for manually calculating cell 
viability.

2.5  |  MTT assay

U937 cells (5 × 103 cells) were cultured in a 96-well plate 
and were treated with increasing concentrations of pi-
oglitazone (0–250  µM). Plates were incubated in a hu-
midified incubator at 37°C up to 48 h. After each time 
interval, 100 μl of MTT solution (5 mg/ml in PBS) was 
added to each well, and plates were incubated at 37°C 
for a further 3 h. Then, the plates were centrifuged, the 
media was discarded and 100 μl of DMSO was added to 
each well to resolve the formazan crystals. The absorb-
ance of each well was measured at 570 nm in an ELISA 
reader.

2.6  |  Cell cycle distribution analysis

To investigate the effect of pioglitazone on cell cycle pro-
gression, propidium iodide (PI) staining was used. After 
treating 106 U937 cells with pioglitazone for 24 h, the cells 
were centrifuged and the cell pellets were first washed 

Gene Forward primer (5′−3′) Reverse primer (5′−3′) Size (bp)

ABL1 CTTCTTGGTGCGTGAGAGTGAG GACGTAGAGCTTGCCATCAGAAG 115

PTEN CACACGACGGGAAGACAAGTTC TCCTCTGGTCCTGGTATGAAGAATG 162

PPARγ GGGATCAGCTCCGTGGATCT TGCACTTTGGTACTCTTGAAGTT 186

Abbreviations: ABL1, NM_007313.3; PPARγ: NM_001354666.3; PTEN, NM_000314.8.

T A B L E  1   Nucleotide sequences of primers used for real-time RT-PCR
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twice with cold PBS and then fixed with 70% ethanol. 
Prior to the staining with 50 μg/ml PI stain, the fixed cells 
were treated for half an hour with 0.5 μg/ml RNase in PBS 
at 37°C. Flow cytometry (Partec PASIII flow cytometry) 
and Windows FlowJo V10 software were used to analyze 
the cellular DNA content.

2.7  |  Assessment of apoptosis using 
flow cytometry

The annexin-V/PI staining assay was used to evaluate the 
externalization of phosphatidylserine (PS) upon treat-
ment of the cells with pioglitazone. A similar procedure 
to cell cycle distribution analysis was done with the differ-
ence that the harvested cells after 24 h of drug treatment 
were suspended in 100 µl of the incubation buffer. Then, 
cells were mixed with annexin-V Flous (2  μl/sample) 
for 20 min in the dark and the emitted fluorescence was 
measured using flowcytometery (Partec PASIII flow cy-
tometry). The percentage of annexin-V and annexin-V/ PI 
double-positive cells was calculated using Windows 
FlowJo V10 software.

2.8  |  Statistical analysis

All the statistical analyses, either for patients’ samples 
or cell line was conducted using SPSS software (ver-
sion16.0) and the GraphPad Prism6  software. The in-
dependent Student's t-test was used for comparing the 
results obtained from patients or cell lines with the rel-
evant control groups. The Mann–Whitney U-test was 
used to compare gene expression between the patient 
and control groups as a nonparametric  test of the null 
hypothesis.  All experiments were done in duplicate or 
triplicate. A probability level of p ≤ 0.05 was considered 
statistically significant.

3   |   RESULTS

3.1  |  Patient characteristics

Blood samples of 30 patients diagnosed with non-M3 
AML with a blast percentage of more than 20%, includ-
ing 17 males and 13 females were collected. The median 
age was 49, ranging from 19 to 83 years. We also collected 
the blood from 10 healthy individuals with a median age 
close to the patients’ group. The characteristics of AML 
patients, including FAB subtype, Hb, HCT, number of 
RBCs, WBCs, platelets, and also blast percentage are sum-
marized in Table 2.

3.2  |  PPARγ and PTEN mRNA expression 
levels in AML patients and healthy 
counterparts

Given the tight association with the well-known tumor 
suppressor protein PTEN, PPARγ and its associated 
signaling found value in the pathogenesis of different 
human cancers (Patel et al., 2001). Although the positive 
correlation between the expression of PTEN and PPARγ 
was reported in most cases of solid tumors (Teresi et al., 
2006), the expression of these genes and their associa-
tion with leukemogenesis has not yet been clarified. 
The results of gene expression analysis in 30 collected 
blood from AML diagnosed patients and 10 healthy in-
dividuals revealed that unlike the expression of PTEN 
which significantly displayed a decreased expression in 
the patients’ group as compared to the control group, 
the expression of PPARγ had an upward trend in AML 
patients. The expression level of PPARγ was also nega-
tively correlated with PTEN; however, it was not sta-
tistically significant (Pearson's correlation; r  =  −0.35, 
p  <  0.85). As the percentage of blasts was widely dif-
ferent from one patient to another, we also evaluated 
the correlation between blast percentage and PPARγ 
and PTEN expression. As represented in Figure 1b, we 
could not find any significant correlation between blast 
percentage with neither PPARγ (r = 0.002, p < 0.99) nor 
PTEN expressions (r  =  0.048, p  <  0.8). The results of 
PPARγ and PTEN gene expression according to the FAB 
subtype were also represented in Figure 1c. As shown, 
PPARγ expression was higher in patients with dominant 
myeloblasts (M1 and M2  subtypes) compared to those 
with myelomonocytic cells (M4-M5); on the other hand, 
AML cases with involvement of myelomonoblastic cells 
(M4) exhibited a higher level of PTEN mRNA. Notably, 
we analyzed neither M0 nor M6 as there was only one 
case of each subtype.

3.3  |  Pioglitazone inhibited U937 cell 
growth and viability

The upregulation in the expression level of PPARγ in 
AML patients raised the question that how the expres-
sion of a tumor suppressor protein was increased in ma-
lignant cases. We hypothesis that probably in the absence 
of PPARγ-  associated ligand, the expression of this re-
ceptor compensatory increased in leukemic cells, which 
could be then recruited for the treatment strategies. 
Given this, we decided to evaluate whether the stimu-
lation of PPARγ in leukemic cells is associated with the 
reduction of cell viability. We treated AML-derived U937 
cells with increasing concentrations of pioglitazone, one 
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of the most important ligands of PPARγ, and then the 
viability and the proliferative capacity of the cells were 
evaluated using trypan blue and MTT assays. Our results 
showed that pioglitazone significantly diminished the 
viability of U937 cells in both time- and concentrations-
dependent manner (Figure 2). In agreement, the results 
of the MTT assay also showed that in the presence of 
pioglitazone, there was a significant reduction in the 
metabolic activity of U937 cells. As presented in Figure 
2, after the treatment of U937 cells with pioglitazone at 
the concentration of 250 µM for 48 h, only 3% of the cells 
found the chance to maintain their metabolic activity. 
Taken together, these findings shed light on the value of 
PPARγ and its ligand pioglitazone in counteracting with 

the ability of leukemic cells to sustain their survival and 
proliferative capacity.

3.4  |  The effect of pioglitazone 
on the distribution of U937 in different 
stages of the cell cycle

Evaluating the effect of pioglitazone on the growth kinet-
ics of U937 cells revealed that the stimulation of PPARγ 
in the leukemic cells was coupled with the remarkable 
reduction in the number of cells (Figure 3a). This finding 
encouraged us to evaluate whether the antiproliferative 
effect of pioglitazone of leukemic cells is associated with 

No FAB RBC × 106 WBC × 103 PLT × 103 Hb (g/dl)
HCT 
(%)

Blast 
(%)

1 AML-M2 3.32 24.7 48 9.7 28.4 35

2 AML-M1 2.79 50.01 165 9.2 27.9 50

3 AML-M2 3.12 86.45 78 9.5 28.1 65

4 AML-M2 4.41 32.14 170 12.9 38.7 40

5 AML-M0 2.98 45.24 93 10.1 28. 8 35

6 AML-M4 2.71 23.39 238 8.7 26.1 25

7 AML-M2 3.58 14.46 24 10.5 29.3 60

8 AML-M5 3.5 37.06 55 9.8 31.6 25

9 AML-M2 2.9 46.1 38 9.3 28.3 45

10 AML-M4 3.53 11.11 80 10.6 31.3 80

11 AML-M2 5.34 15.34 160 14.6 42.1 45

12 AML-M1 4.9 37.2 121 10 32 55

13 AML-M1 2.31 108 10 6.01 21 40

14 AML-M2 4.1 36.45 78 11.39 34 80

15 AML-M4 5.01 13 175 14.6 42.14 80

16 AML-M5 3.03 36.54 45 9.5 27.3 90

17 AML-M4 3.9 29.3 98 9.1 29 43

18 AML-M4 4.18 16.36 189 12.3 38.05 26

19 AML-M6 4.45 17.45 173 13.5 40.4 32

20 AML-M2 3.56 54.04 121 11.6 34.4 41

21 AML-M1 3.06 14.4 63 9.3 26.6 21

22 AML-M2 2.75 29.5 69 10.3 31.4 38

23 AML-M4 3.43 27.76 91 9.5 31.3 41

24 AML-M2 3.37 106.7 35 9.4 29.2 68

25 AML-M1 3.7 23 96 10.1 29.4 51

26 AML-M2 3.33 16.86 31 10.3 30.2 65

27 AML-M4 4.17 18.54 26 9.8 28.1 35

28 AML-M5 3.67 21.41 32 8.6 26.1 40

29 AML-M2 4.02 13.52 15 11.7 34 30

30 AML-M1 2.89 42.51 62 9.9 29.41 28

Abbreviations: Hb, hemoglobin; PLT, platelet; RBC, red blood cells; WBC, white blood cells.

T A B L E  2   The clinical characteristics 
of de-novo non-M3 acute myeloid 
leukemia patients
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the alteration in the distribution of the cells in different 
phases of the cell cycle. The PI staining assay showed that 
pioglitazone decreased the percentage of cells in S and 

G2/M phases from 38.16% and 25.6% in the control group 
to 8.56% and 11.45% in 250 µM-treated cells, respectively 
(Figure 3b). In addition, treatment with pioglitazone 

F I G U R E  1   The mRNA expression levels of PPARγ and PTEN in newly diagnosed non-M3 AML patients. (a) While the expression levels 
of PPARγ (NM_001354666.3) in AML patients were significantly higher than the control group, the mRNA level of PTEN (NM_000314.8) 
was significantly decreased. Values are given as mean ± SD of three independent experiments. The expression level of PPARγ was also 
negatively correlated with PTEN; however, it was not statistically significant (r = −0.35, p < 0.85). (b) We could not find any significant 
correlation between blast percentage with either PPARγ (r = 0.002, p < 0.99) or PTEN expressions (r = 0.048, p < 0.8). (c) The results of 
PPARγ and PTEN gene expression according to the FAB subtype were represented. As shown, PPARγ expression was higher in patients with 
dominant myeloblasts (M1 and M2 subtypes) compared to those with myelomonocytic cells (M4-M5); on the other hand, AML cases with 
involvement of myelomonoblastic cells (M4) exhibited a higher level of PTEN mRNA

F I G U R E  2   The antileukemic effect of pioglitazone on U937 cells. The results obtained from trypan blue and MTT assays revealed 
that pioglitazone could diminish the proliferative and survival capacity of U937 cells. Values are given as mean ± SD of three independent 
experiments. *p ≤ 0.05 represented significant changes from the control

F I G U R E  3   The effect of pioglitazone on the distribution of U937 cells in different phases of the cell cycle. (a) Upon treatment of U937 
cells with pioglitazone, there was a significant reduction in the number of viable cells. (b) The antiproliferative effect of pioglitazone on 
U937 cells was mediated through induction of G1 cell cycle arrest. Values are given as mean ± SD of three independent experiments. 
*p ≤ 0.05 represented significant changes from the control
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resulted in a significant accumulation of the cells in the G1 
phase (Figure 3b); indicating that the growth-suppressive 
effect of the inhibitor is mediated, at least partly, through 
induction of G1 arrest.

3.5  |  Stimulation of PPARγ in U937 cells 
using pioglitazone was coupled with the 
induction of apoptosis

As a noble member of nuclear receptors, the regula-
tory role of PPARγ in the induction of apoptotic cell 
death has been reported in a mounting body of evidence 
(Elrod & Sun, 2008; Zhang et al., 2007). Our results also 
showed that stimulation of this receptor in U937 cells 
using pioglitazone could arrest the cell transition from 
the sub-G1 phase of the cell cycle. As depicted in Figure 
4, the percentage of the cells settled in the sub-G1 phase 
was increased from 4.4% in the control group to 34.13% 
in the 250 µM-treated group. To confirm our results, we 
evaluated the externalization of phosphatidylserine (PS) 
on the surface of U937 cells using flow cytometry. In 
corroboration with the elevated cell population in sub-
G1, we found that treatment of cells with pioglitazone 
resulted in an increased percentage of Annexin-V/PI 

double-positive cells as compared to the control group 
(Figure 4), suggestive of the apoptotic effect of the agent 
on leukemic cells.

4   |   DISCUSSION

Acute myeloid leukemia (AML) is one of the most hetero-
geneous malignancies that day by day more molecules are 
identified to participate in its pathogenesis. Despite the 
significant advances in the identification of new targets 
in the treatment of AML, still, no appropriate protocol 
has been developed for patients, especially for those with 
advanced age, who mostly receive supportive treatment 
rather than concrete anticancer-based therapies (Eleni 
et al., 2010; Sekeres & Stone, 2002). Undeniably, the tox-
icity and the unfavorable adverse effects of chemothera-
peutic agents that are intolerable for the majority of elder 
patients are the main reason why the supportive tactics 
are better rather than the cytotoxic strategy (Eleni et al., 
2010). Given this major obstacle, efforts have now been 
made to identify an agent that not only can inhibit the sur-
vival of cancer, but also has the least adverse effects on 
patients. Pioglitazone, a valuable member of thiazolidin-
ediones, is a drug that is originally used for the treatment 

F I G U R E  4   The activation of PPARγ in U937 was coupled with the induction of apoptosis. Measuring the effect of pioglitazone on the 
proportion of the cells in sub-G1 revealed that PPARγ stimulation in U937 cells elevated the fraction of hypodiploid cells. Moreover, we 
found that the number of Annexin-V/PI double-positive inhibitor-treated cells was increased in response to drug treatment in U937 cells, 
as compared with the untreated group. Values are given as mean ± SD of three independent experiments. *p ≤ 0.05 represented significant 
changes from the control



      |  9 of 12ESMAEILI et al.

of type II diabetes (DeFronzo et al., 2019). The results of 
the previous investigations declared that pioglitazone at 
concentrations between 15 and 45 mg/day could reduce 
the blood glycosylated hemoglobin (HbA1c) levels in pa-
tients with type 2 diabetes mellitus (Gillies & Dunn, 2000).

Based on its regulatory impact on glucose metabolism, 
which is highly activated in cancer cells, low adverse ef-
fects, and high tolerability rate, it seems that pioglitazone 
could be a promising candidate for incorporation into 
the treatment protocol of human cancers (Blanquicett 
et al., 2008). The results of the molecular investigations 
declared that in addition to the suppressive effect of the 
agent on metabolic activities, the significance of pioglita-
zone in cancer treatment is due to its ability to interact 
with nuclear receptor peroxisome proliferator-activated 
receptor-γ (PPARγ; Ninomiya et al., 2014; Saiki et al., 
2006), which is one of the most important receptors for 
transmitting the anti-survival signals in the malignant 
cells (Shen et al., 2012). Another unique property of pi-
oglitazone, which guarantees its low side effects as well 
as its vigorous anticancer effects, is its selective behavior 
on cells with overexpressed PPARγ. Saiki et al. reported 
that as compared to the cells with normal or lower expres-
sion of PPARγ, pioglitazone at the concentration ranging 
from 100 to 300 µM induced significant anti-survival and 
antiproliferative effects on PPARγ-expressing cancer cells 
(Saiki et al., 2006). In agreement, Hata et al. also designed 
a study to evaluate the effect of pioglitazone on different 
leukemic cell lines (K562, HL60, U937, HEL, CEM, and 
NALM1). Their results indicated that pioglitazone up to 
the concertation of 300  µM did not exert any cytotoxic 
effects on normal cells (Hatta et al., 2004). Moreover, the 
results of several clinical trials on both AML and CML pa-
tients indicated that pioglitazone at the dose of 45 mg/day 
is safe and well-tolerated (Ghadiany et al., 2019; Rousselot 
et al., 2017). Prost et al. delineated that when imatinib-
resistant CML patients were treated with pioglitazone, 
the overall survival increased up to 4.7 years. Given this, 
they extended their study to CD34+ CML cells and con-
cluded that pioglitazone may have the ability to eradicate 
the population of leukemic stem cells (LSCs)—a group of 
neoplastic cells which widely participate in induction of 
chemo-resistance (Prost et al., 2015). Ghadiany et al. have 
also administrated pioglitazone together with cytarabine 
and daunorubicin to newly diagnosed AML patients and 
indicated that combination could increase the survival of 
the patients (Ghadiany et al., 2019). Based on this finding, 
we first evaluated the expression level of this nuclear re-
ceptor in the PBMNCs of patients with AML.

The result of our experiments was suggestive of the 
significant elevation in the mRNA expression level of 
PPARγ in non-M3 AML patients at diagnosis as com-
pared with the healthy counterparts; suggesting that 

probably the activation of PPARγ in leukemic cells could 
act against the survival of cancer cells. This finding was 
in accordance with the previous studies reporting the up-
regulation of PPARγ in human pancreatic carcinoma (Sun 
et al., 2009), colorectal cancer (Lee et al., 2006), and breast 
cancer (Sporn et al.,  2001). As the most important part-
ner of PPARγ, numerous studies have declared that the 
tumor-suppressive effects of PPARγ are exerted through 
upregulation of PTEN, which gained its reputation due 
to the involvement in the PI3K signaling axis (Farrow & 
Evers, 2003; Patel et al., 2001). However, in some cases, 
PPARγ could induce cytotoxic effects independent of this 
tumor suppressor (Jagan et al., 2013). Kenneth et al. have 
indicated that pioglitazone could halt the proliferation of 
PTEN-deficient lung cancer cells and enhance their sen-
sitivity to EGFR tyrosine kinase inhibitor (To et al., 2018); 
shedding light on the ability of pioglitazone to induce cell 
death in cancer cells with mutant PTEN. Unlike upreg-
ulation in PPARγ expression, we found that the mRNA 
expression level of PTEN had a noteworthy reduction 
in patients as compared to the control group. Indeed, it 
became evident that PPARγ expression was in a negative 
association with PTEN expression; while PTEN was sig-
nificantly downregulated in AML patients, the expression 
of PPARγ was increased in AML cases as compared to the 
control group.

The overexpression of PPARγ in AML cells shed light 
on the likelihood of pioglitazone efficacy in AML-derived 
U937 cells. Interestingly, our results showed that the ac-
tivation of PPARγ in U937 cells using pioglitazone was 
coupled with the reduction in the viability and growth of 
leukemic cells, as revealed by the significant reduction 
in the number of cells and the metabolic activity. Saiki 
et al. indicated that pioglitazone could reduce the colony-
forming ability of U937 cells in the presence of growth 
factors such as CFU-GM and CFU-E. Moreover, they de-
lineated that when this agonist stimulates PPARγ, it could 
induce G1 cell cycle arrest in APL-derived HL60 cell line 
(Saiki et al., 2006). Consistently, Lee et al. (2006) demon-
strated that pioglitazone inhibited cell growth and in-
duced apoptosis in Rb-deficient human colorectal cancer 
cells. In another study, it has also been claimed that piogl-
itazone could reduce the survival of acute promyelocytic 
leukemia (APL) cells by elevating the intracellular level of 
reactive oxygen species (ROS) either as a single agent or in 
combination with arsenic trioxide (Esmaeili et al., 2020b).

Previous studies indicated that PPARγ and its associ-
ated signaling pathway have a deep role in the regulation 
of cell proliferation through controlling the expression of 
the genes participating in the progression of the cell cycle 
(Müller et al., 2008). Moreover, a mounting body of stud-
ies has suggested that the activation of PPARγ in cancer 
cells could induce apoptotic signals by altering the balance 
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between the expression level of pro-  and anti-apoptotic 
target genes (Elrod & Sun, 2008). Of great interest, when 
we stimulated PPARγ in U937 cells, we found not only the 
transition of the leukemic cells from the G1 phase of the 
cell cycle was blocked, but also there was a significant in-
crease in the number of the cells that underwent apop-
totic death; suggestive of the efficacy of pioglitazone in 
the treatment of mutant PTEN-expressing AML-derived 
U937 cells. Notably, the results of our previous study re-
vealed that while pioglitazone could inhibit the viability 
of wild-type PTEN-expressing NB4, it failed to induce 
significant cytotoxicity both in KG1 cells with wild-type 
PTEN and K562 cells harboring mutant PTEN (Esmaeili 
et al., 2020b); further indicating that other factors such 
as basal expression of PPARγ as well as different molecu-
lar characteristics of leukemic cells may affect the ability 

of pioglitazone to induce apoptosis in leukemic cells. To 
provide a better prospect, we designed a schematic figure 
to represent a summary of our findings (Figure 5). Taken 
together, the results obtained from this study shed light 
on the importance of PPARG in the treatment strategies 
of AML and suggested that the stimulation of this nuclear 
receptor using pioglitazone may provide a promising out-
come for patients suffering from non-M3 AML.
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to the control group. As represented, stimulation of PPARγ using pioglitazone reduced the AML-derived U937 cell survival, at least partly, 
through inducing apoptosis and suppression of cell transition from the G1 phase of the cell cycle
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