Cancer Management and Research @ FaLll

ORIGINAL RESEARCH

Long Non-Coding RNA TPTEPI Exerts Tumor
Suppressive Functions via Sequestering miR-4295
to Regulate Growth Arrest and DNA Damage-
Inducible 450 Expression in Acute Myeloid
Leukemia

Xueni Liu, Yonghui Gui, Chao Wang, Kang Xia, Peng Yang
Department of Blood Transfusion, The First Affiliated Hospital of Anhui Medical University, Hefei, Anhui, 230001, People’s Republic of China

Correspondence: Peng Yang, Department of Blood Transfusion, The First Affiliated Hospital of Anhui Medical University, 218 |iXi Road, Hefei,
230001, Anhui, People’s Republic of China, Tel/Fax +86-55165908621, Email yangpeng@ahmu.edu.cn

Introduction: Recent evidences show that long non-coding RNA (IncRNA) plays an essential role in physiology and pathophysiol-
ogy. The purpose of this study was to determine the role and its potential underlying mechanisms of the IncRNA transmembrane
phosphatase with tensin homology pseudogene 1 (TPTEP1) in acute myeloid leukemia (AML).

Methods: We detected the TPTEP1 and miR-4295 expression levels in AML cells. The vitro effects of TPTEP1 and miR-4295 on
AML cells were analyzed. The correlation between miR-4295 and TPTEP1 or Growth arrest and DNA damage-inducible 45a
(GADD450) was confirmed by a luciferase reporter assay and RNA immunoprecipitation. The expression of GADD45a was
investigated by Western blotting.

Results: TPTEP1 was down-regulated in AML cell lines and AML patients. Ectopic expression of TPTEPI inhibited AML cells
proliferation while promoted cells apoptosis. And we found that silencing miR-4295 produced the similar effect of TPTEP1
overexpression. TPTEP1 regulated the malignant behavior of AML cells by binding to miR-4295. In addition, overexpression of
TPTEP up-regulated GADDA45q, a direct target of miR-4295 which play a suppressive role in AML cells. Moreover, when AML cell
lines were treated with a DNA methylation inhibitor, TPTEP1 expression was up-regulated.

Conclusion: This study reveals that the IncRNA TPTEP1 regulates the expression of GADD45a by sponging miR-4295 in AML
cells, which may represent a novel therapeutic target for AML.
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Introduction

Acute myeloid leukemia (AML) is a heterogeneous malignancy characterized by uncontrolled proliferation of immature
myeloid cells in peripheral blood and bone marrow.'* Currently, allogeneic hematopoietic stem cell transplantation and
chemotherapy-based regimens still two common choices for the majority of AML patients. Despite significant progress
in the therapeutic approaches of AML, the prognosis remains unideal. The 5-year survival for AML patients under the
age of 60 years and older is no more than 50% and under 20%, respectively.? A better understanding of AML’s molecular
mechanisms and alternative therapeutic targets are urgently needed.

Long non-coding RNA (IncRNA) are RNA molecules over 200 nucleotides long that regulate gene expression.”* The
abnormal IncRNA expression has been proven to be a key factor in the development of various tumors.”" The IncRNA
transmembrane phosphatase with tensin homology pseudogenel (TPTEP1) is involved in the progression of various
human cancers, including hepatocellular and lung cancer. Cao et al® identified that TPTEPI inhibited NSCLC cells
proliferation by impairing miR-328-5p. Dong et al’ found that hepatocellular carcinoma progression was enhanced via
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TPTEP1-mediated modulation of the miR-454-3p/DLGS5 axis. Based on these data, we hypothesized that TPTEP1
expression significantly impacts the leukemogenesis of AML.

LncRNAs, as competitive endogenous RNA (ceRNAs), affect the expression of target genes through competitive
binding specific microRNAs (miRNAs).'%'? Moreover, miRNAs play a critical role in regulating hematopoiesis, and
their abnormal expression is associated with the pathogenesis of leukemia.'**'* Reference studies have found that miR-
4295 functions as an oncomiR in glioma and osteosarcoma.'>'® Through bioinformatics analysis, we found that there
may be an unstudied targeting relationship between miR-4295 and TPTEPI.

Growth arrest and DNA damage-inducible 450 (GADD45a), a downstream target gene of P53, is involved in cell
cycle arrest, DNA demethylation, energy metabolism and tissue development.'”'® GADD450 is an important tumor
suppressor, which is often expressed as genetic silencing in various cancer entities.'®2° Recent studies have shown that
GADD45a was often down-regulated in chronic myeloid leukemia (CML) cells, up-regulation of GADD45a can enhance
the sensitivity of CML cells to imatinib,?' while its biological role in AML cells still needs to be explored.

In the current study, we sought to define the role of TPTEP1/miR-4295/GADD45a pathway in AML leukemogenesis
and progression to fill some gaps in our knowledge of AML pathogenesis.

Materials and Methods

Patients and Normal Controls
Thirty-five newly diagnosed AML patients and 21 healthy controls were enrolled in this study (Supplementary Table 1).

Peripheral whole blood samples from patients and healthy controls were collected in our hospital. The blood samples
were subjected to erythrocyte lysis using erythrocyte lysis buffer (Qiagen, Hilden, Germany) to eliminate red blood cells.
Subsequently, the samples were centrifuged to extract nucleated cells, which were then transferred to an Eppendorf tube
and stored at —80 °C until further use.

Cell Culture and 5-Aza-2’-Deoxycytidine Treatment
Human AML cell lines SHI-1, THP-1, HL-60 and U937 were purchased from the China Center for Type Culture
Collection (Shanghai, China). These four cell lines were cultured at 37°C with 5% CO, in RPMI-1640 medium (Gibco,
Carlsbad, USA) containing 10% fetal bovine serum (FBS, Gibco). The CD34" hematopoietic stem and progenitor cell
(CD34") were kindly provided Dr. Qingsheng Li (First Affiliated Hospital, Anhui Medical University, Hefei, China).
AML cell lines were cultured in the same medium, treated with 5-aza-2’-deoxycytidine (5-AZA-CdR, a DNA
methylation inhibitor) (Sigma, USA) at final concentration at 5 uM for 72 h. The cells were then harvested for isolation
of total RNA or protein.

Bioinformatics Analysis
Expression patterns of TPTEP1 in the Cancer Genome Atlas cancer samples and survival charts of AML patients were
obtained through Gene Expression Profiling Interactive Analysis (GEPIA, http://gepia.cancer-pku.cn) online database.

The targeting relationships between TPTEP1 and miR-4295 were predicted with Starbase (https://rnasysu.com/encori/).

TargetScan online software (http://www.targetscan.org) was performed to predict potential target genes of miR-4295.

Construction of Stable Cell Lines

To obtain cell lines stably overexpressing TPTEP1, U937 and HL-60 cells were infected with lentivirus carrying TPTEP1
gene (Lv-TPTEP1) or control lentivirus (Lv-control) (Genepharma, Shanghai, China) and screened by puromycin
(Solarbio, Beijing, China). The efficiency of TPTEP1 overexpression was confirmed by qRT-PCR.

Cell Transfection and Ara-c Treatment

miRNA-4295 inhibitor (inhibitor), miR-4295 mimic, negative control (NC), pcDNA3.1-GADD45a were purchased from
GenePharma (Shanghai, China). HL-60 and U973 cells were incubated in 6-well dishes (3.0x10%/well), and then
transfected with inhibitor, miR-4295 mimic, NC and pcDNA3.1-GADD45a at a final concentration of 50 nM singly

1060 o= Cancer Management and Research 2025:17


https://www.dovepress.com/article/supplementary_file/486875/486875-Supplmentary-Tables-1-2.docx
http://gepia.cancer-pku.cn
https://rnasysu.com/encori/
http://www.targetscan.org

Liu et al @

or in combination using lipofectamine 3000 (Invitrogen, Carlsbad, USA). Protein assays, soft-agar colony formation, and
qRT-PCR analyses were performed at 48 h after transfection. Cells were treated with 5 pg/mL Ara-c at 24 h after
transfection. Ara-c treatment for 24 h, cell apoptosis was analyzed.

Cell Proliferation, Soft-Agar Colony Formation Assay, and Cell Apoptosis Analyses
Cell proliferation was assessed using the cell counting kit-8 (CCK-8) kit (Dojindo, Kumamoto, Japan). Briefly, 3.0x10*
cells were inoculated into each well of 96-well plate and then treated at the indicate times. Cells were incubated in 10 pL
CCK-8 solution. Absorbance at 450 nm was measured using a microtiter plate reader.

Cells were resuspended in RPMI-1640 medium containing 20% FBS with equal volume of 0.3% agar, and seeded in
6-well plates precasted 1.4 mL 1% agar at 5,000 cells per well. The colonies were counted and imaged 14 days later.
Similarly, the cell apoptosis assays were performed in HL-60 and U937 cells by flow cytometry (BD Biosciences) using
the Annexin V-FITC/PI Apoptosis Detection Kit (Beyotime, Nanjing, China).

Quantitative RT-PCR Assays

Total RNA was extracted using TRIZOL regents (Invitrogen, Santa Cruz, CA). cDNA was synthesized with random
primers and Power SYBR Green PCR Master Mix. Level of miR-4295 was measured using a Hairpin-it miRNA qRT-
PCR Quantitation Kit (GenePharma,Shanghai, China) according to manufacturer’s instructions. GAPDH and U6 were
used as internal controls. The primer sequences are listed in Supplementary Table 2.

Luciferase Reporter Assay

Cells (1x10°cells/well) were transfected with psi-CHECK, vector containing TPTEP1-wt/mut or GADD45q-wt/mut
3’UTRs with 50 nM miR-4295 mimic or NC. The relative luciferase activity was measured 48 h post-transfection using
the dual-luciferase reporter assay (Promega, Beijing, China)). The relative luciferase activity was evaluated 48 h after
transfection using a Dual-Luciferase® Reporter Assay System (Promega).

Western Blot Analysis

Cultured cells were harvested and lysed in buffer containing protease inhibitor (Roche, Mannheim, Germany). Equal amounts
of protein (60 pg) were separated on 12% SDS-PAGE gels and then transferred onto PVDF membranes. Subsequently, the
PVDF membranes were incubated with antibodies against GADD45a (1:1000, Cell Signaling Technology, Boston, USA), or
B-actin (1:10000, Santa Cruz Biotechnology, Santa Cruz, CA). Subsequently, the membranes were extensively washed and
incubated with HRP-conjugated secondary antibodies (1:1000; Sigma-Aldrich, St Louis, MO, USA). Signals were visualized
with the enhanced chemiluminescence system (ComWin, Beijing, China). B-actin was used as an endogenous control.

RNA Immunoprecipitation (RIP) Assay

A RIP assay was performed with an RNA-Binding Protein Immunoprecipitation Kit according to the manufacturer’s
protocol. The anti-Ago2 antibody used in this assay was purchased from Millipore. After RNA immunoprecipitation, the
expression of TPTEP1 and miR-4295 was measured by qRT-PCR as previously described.

Statistical Analysis

All experiments were repeated at least three times, and all data were presented as the means + SD. GraphPad Prism
version 8.0 was used to analyze the date and draw the graphs. Student’s ¢ test was used for comparisons between the two
groups. All statistical tests were two-sided, and significance was assigned at P < 0.05.

Results
TPTEPI Was Down-Regulated in AML and Was Associated With Poor Prognosis

To investigate the role of TPTEP1 in AML, we examined its expression in various malignancies using the GEPIA
database (Figure 1A). The expression levels of TPTEP1 were significantly lower in AML samples compared to healthy
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Figure | TPTEP| was downregulated in AML. (A) According to the GEPIA database, the level of TPTEPI expression was various in multiple cancers. (B) The low
expression patterns of TPTEPI in AML samples were obtained from GEPIA. (C) Kaplan-Meier curve for overall survival in the cohort of 106 AML patients were obtained
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controls (Figure 1B). Moreover, GEPIA data exhibited that lower TPTEP1 expression was associated with poorer overall
survival (OS) in AML patients after 5 years (Figure 1C). In addition, the relative expression levels of TPTEP1 in AML
specimen and normal specimen were detected by qRT-PCR. Specifically, we found that the levels of TPTEP1 in 35 AML
peripheral blood samples at the time of diagnosis were significantly lower than those in 12 healthy controls (Figure 1D).
TPTEPI expression was lower in AML cell lines than in hematopoietic stem cells, as observed in SHI-1, THP-1, HL-60,
U937 and CD34" cells (Figure 1E). These results indicate that TPTEP1 might play a critical role in the progress of AML.

Overexpression of TPTEP!| Inhibited AML Cells Proliferation and Promoted Cell
Apoptosis

After evaluating TPTEP1 expression in AML, we further investigated its biological function by establishing TPTEP1
overexpression (Lv-TPTEP1) and control (Lv-control) cell lines through lentiviral infection in HL-60 and U937 cells.
gqRT-PCR results showed that the expression of TPTEP1 in AML cells was significantly increased after infection with
Lv-TPTEP1 (Figure 2A). A CCK-8 proliferation assay showed that overexpression of TPTEP1 decreased cell growth in
both HL-60 and U937 cells (Figure 2B). Additionally, overexpression of TPTEP1 significantly increased the proapoptotic
effect of Ara-c (Figure 2C). Next, we tested whether the expression level of TPTEP1 is associated with clonogenicity in

AML cells. The increase in TPTEP1 expression was coupled with attenuated colony formation of HL-60 and U937 cells
(Figure 2D).

Down-Regulation of miR-4295 Inhibit AML Cells Proliferation and Induce Cell
Apoptosis

LncRNA may act as a ceRNA by sponging certain miRNAs to exert their biological functions.'®™'? Thus, Starbase online
database was applied to analyze the miRNA that potentially interacts with TPTEP1. Among the potential targets of
TPTEPI1, we focused on miR-4295, which has a complementary base sequence with TPTEP1. We found that miR-4295
level in 30 peripheral blood samples from AML patients at diagnosis time and two AML cell lines was highly expressed,
but it was not in healthy controls and normal CD34" cell (Figure 3A and C), and was negatively correlated with TPTEP1
level (Figure 3B). To further explore the biological role of miR-4295 in AML, cell proliferation was first examined using
a loss-of-function approach. miR-4295 inhibitor or NC were transfected into in AML cells, respectively. Successful
decreases in miR-4295 expression were detected using qRT-PCR (Figure 3D). The CCK-8 assay showed that inhibition
of miR-4295 decreased the growth of AML cells (Figure 3E). Accordingly, miR-4295 suppression in both HL-60 and
U937 cells promoted Ara-C-induced apoptosis of AML cells (Figure 3F). Furthermore, AML cells transfected with miR-
4295 inhibitor formed smaller and fewer colonies, than NC transfected cells (Figure 3G). These data implied that miR-
4295 might exert a carcinogenic role in AML.

TPTEPI had a Negative Correlation With miR-4295

Starbase database was applied to analyze the miRNA that potentially interacts with TPTEP1. We focused on miR-4295,
which has a complementary base sequence with TPTEP1 (Figure 4A). To further elucidate the interaction between
TPTEP1 and miR-4295, the luciferase assays were performed. The results uncovered that merely the luciferase activity
of TPTEP1-wt was lessened by miR-4295 (Figure 4B). Moreover, RIP assay showed that TPTEP1 and miR-4295 were
preferentially enriched in the immunoprecipitates containing Ago2 relative to control IgG (Figure 4C). In the above
experimental data, inhibition of miR-4295 suppressed proliferation and increased apoptosis, which was consistent with
the effect of TPTEP1 overexpression. We next investigated whether there was a functional association between miR-
4295 and TPTEP1. The CCK-8 and AnnexinV/PI assays showed that the enrichment of TPTEP1 reduced proliferation
and increased apoptosis in AML cells, this effect was partially neutralized by miR-4295 mimic (Figure 4D and E). Clonal
formation assay displayed similar results (Figure 4F). Taken together, these data support the notion that TPTEP1 might
affect the cellular processes of AML cells in a miR-4295-participate pattern.
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TPTEPI Induced GADD450a up-Regulation by Inhibiting miR-4295

According to TargetScan analysis, we have identified GADD45a. as a potential target mRNA of miR-4295 in AML. To
verify this hypothesis, we cloned GADD450 wt/mut 3’-UTRs containing the miR-4295 binding site into the Psi-Check2
reporter (Figure 5A). miR-4295 inhibited luciferase activity in HL-60 and U937 cells transfected with the GADD45a
wild-type 3’-UTR, but not with the GADD450 mutant 3°-UTR reporter (Figure 5B). Then, we assessed the effect of miR-
4295 on GADD45a expression. The miR-4295 inhibitor was transfected into HL-60 and U937 cells, which express high
levels of endogenous miR-4295 (Figure 3C). The knockdown of miR-4295 dramatically up-regulated the protein
expression level of GADD45a in AML cell lines (Figure 5C). Furthermore, we transfected miR-4295 mimic into
these AML cells, which were infected with Lv-TPTEP1. The Western blot assay showed that TPTEP1 upregulation
significantly increased GADD45a protein expression in AML cells, and miR-4295 partially counteracted this effect
(Figure SE). Based on the above experimental results, we propose that TPTEP1 functions in AML cells through the miR-
4295/GADD450 pathway. The results showed that the overexpression of TPTEP1 significantly decreased the prolifera-
tion of these AML cell lines, and miR-4295 could neutralize the suppressive effects. More importantly, GADD45a
overexpression significantly decreased cell proliferation, while miR-4295 overexpression had opposite effect
(Figure 5D). A parallel phenomenon was provided in a cell apoptosis assay (Figure 5F).

Up-Regulation of TPTEPI Expression Mediated by 5-AZA-CdR

DNA methylation is an epigenetic modification that maintains gene stability and regulates gene expression. Specially,
abnormal DNA promoter methylation is a crucial mechanism of gene function loss in carcinomas. It has been reported
that DNA methylation regulates the position of TPTEP1 on chromosome 22q11.1.%* We hypothesized that hypermethy-
lation might be responsible for the low expression of TPTEP1 in AML. We treated with 5-AZA-CdR in both HL60 and
U937 cells for 72 h. The results showed that 5-AZA-CdR significantly increased the expression of TPTEP1 and
GADD45a (Figure 6A and C), reduced the expression of miR-4295 (Figure 6B), simultaneously suppressed cell
proliferation (Figure 6D) in AML cells.

In summary, these experimental findings support the idea that hypermethylation in AML suppresses TPTEP1
expression, elevates miR-4295 levels, and inhibits GADDA45a expression to facilitate AML proliferation.

Discussion
Former work revealed that TPTEP1 could suppress AML cell proliferation by inactivating c-Jun N-terminal kinase
(INK)/c-JUN signaling pathway.>> However, little is known about the role of the TPTEP1/miR-4295/GADD45a axis in
AML and the mechanism underlying TPTEP1 under-expression. In this study, we investigated the expression and role of
TPTEP1 in AML based on multiple experiments. Our data showed a down-regulation of TPTEP in AML samples and
AML cell lines. In addition, we demonstrated that ectopic expression of TPTEP1 increased GADD450 expression,
a tumor suppressor, by competitively binding miR-4295, which resulted in the demotion of AML cell malignancy. We
found that miR-4295 promotes proliferation and inhibits apoptosis by directly targeting GADD45a. We demonstrated the
inverse relationship between miR-4295 and TPTEP1 expression, as well as miR-4295 and GADD45a expression in AML
samples, establishing the significance of TPTEP1-miR-4295-GADD45a in malignant progression. LncRNA has pre-
sented as a key regulator of hematopoietic activity and its aberrant expression is related to the pathogenesis of
leukemia.'®** For instance, AML patients with high levels of 10 IncRNAs exhibit poorer clinical outcomes and shorter
survival rates compared to those with low levels. The set includes DIRC3-AS1, AC004223.2, AC067735.1, AL355353.1,
AL645608.1, AC025430.1, AF064858.2, AL645608.5, FP671120.3, and AC107398.3.>> HOTARM1 was decreased in
AML-M3 patients compared with non-AML-M3 patients,”® whereas AML-M5 patients had higher levels of MALAT]
than other AML patients.>” Due to the limited number of de novo AML patients enrolled in the present study, we cannot
conclude that TPTEP1 expression level is specific to AML subtypes.

High-throughput information stored in TCGA and GEPIA databases has been used to comprehensively analyze
malignant mechanisms of tumors.?®* *? Through GEPIA database, we found that TPTEP1 expression level in AML
patients was significantly lower than that in healthy people, and its expression level was positively correlated with
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Figure 5 TPTEPI regulates GADD450 by targeting miR-4295. (A) Schematic representation of the predicted binding site for miR-4295 and GADD45a, and the contrivable
mutant sequence indicated for the reporter assay. (B) Luciferase activity of GADD450-wt or GADD45a-mut was assessed in AML cells transfected with miR-4295 mimic or
NC. (C) Expression of GADD45a upon miR-4295 knockdown in AML cells was examined by Western blotting. (D-F) AML cells were infected or transfected with Lv-
control and NC, Lv-TPTEP| and miR-4295 mimic, pcDNA3.1-GADD45a and NC, or pcDNA3.1-GADD450 and miR-4295 mimic. Proliferation (D), expression of
GADD450a protein (E), and apoptosis (F) were measured in AML cells by CCK-8 assay, Western blotting or Annexin V/PI assay, respectively. *P < 0.01.
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Figure 6 The effect of 5-AZA-CdR in AML cell lines. AML cells were treated with 5 uM 5-AZA-CdR. (A and B) The relative expression of TPTEP| (A) and miR-4295 (B) in
AML cell lines were evaluated by qRT-PCR. (C) The protein level of GADD450 in AML cell lines were detected by Western blotting. (D) CCK-8 assay was performed to
measure the viability of AML cell lines at the indicated times. **P < 0.01.

the overall survival rate of AML patients. Then, our data confirmed low expression level of TPTEP1 and indicated
that TPTEP1 might play certain role in AML progression. Although, the role of miR-4295 in the progress of AML
remains unclear. Recently, emerging data have reported that miR-4295 were abnormally elevated in multiple

cancers, such as glioma, osteosarcoma, and promoted cancer cells proliferation, migration and invasion.'>'®
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Interestingly, we found that up-regulation of miR-4295 expression was a common event in both primary AML
patients and AML cell lines. Through the analysis of miRNA-target interaction and expression profile, we found
that miR-4295 not only had binding sites in GADD45a and TPTEPI, but also showed negative expression
relationship with both GADD450 and TPTEP1. Therefore, we focused on the functional exploration of the role
of TPTEP1-miR-4295-GADD45a in the malignancy of AML.

DNA methylation is one of the important epigenetic modifications means in gene expression regulation, involving
covalent binding of methyl groups catalyzed by DNA methyltransferase to CpG cytosine.>*** In many cancers, alteration
of DNA methylation level leads to tumor suppressor gene abnormal silencing and protooncogenes transcription activa-
tion, contributes to oncology progression.”>*® For example, increased methylation upstream of the PRR34-AS1 promotor
was observed in AML patients with poor overall survival,®” whereas aberrant expression and hypomethylation of MEG3
was associated with unfavorable outcomes in AML.*® We hypothesize that TPTEP] also plays a tumor suppressor role in
AML, as in non-small cell lung cancer,”® hepatocellular carcinoma,” colorectal cancer and glioma.”‘40 Hypermethylation
may contribute to the diminution of TPTEP1, because TPTEP1 expression was significantly increased in AML cell lines
treated with 5-AZA-CdR.

Taken together, TPTEP1 may act as a tumor suppressor, and hypermethylation of TPTEP1 leads to the derepression
of miR-4295 expression, thus inhibits the expression of GADD45a and consequently contributes to AML development
and progression. These findings may shed new light on basic medical research and clinical application for AML.
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