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Abstract

Background: Numerous studies have probed the deregulation of the long noncoding RNA AB073614 and FER1L4,
which have been discovered in a variety of cancers. However, the precise expression pattern of these IncRNAs and their
clinical implications in acute myeloid leukemia (AML) remain elusive. Considering the involvement of the PI3K axis
in AML pathogenesis, an investigation into the expression of AB073614 and FER1L4 targets of this pathway has been
proposed, aiming to elucidate a potential mechanism underlying AML development. Methods: The expression levels
of IncRNA AB073614 and FER1L4 were assessed in 30 newly diagnosed AML patients and 12 healthy individuals
using quantitative reverse transcription—polymerase chain reaction techniques. A statistical analysis was conducted
to determine the association of AB073614 and FER1L4 expression levels with clinicopathological features. Results:
A significant upregulation of AB073614 was observed in AML patients compared to the control group (p<0.05).
Moreover, a notable increase in AB073614 expression levels coincided with a significant reduction in FER1L4
expression levels in AML samples (p<0.05). The diagnostic value of these IncRNAs was validated using the receiver
operating characteristic (ROC) curve and area under the curve (AUC) calculations. Sensitivity values of AB073614 and
FER1L4 gene expression were 96.7% and 100%, respectively, using cut-off relative quantification of 1.045 and 0.770.
Additionally, specificity values were observed to be 100%. Conclusions: The present study indicates that AB073614
and FER1L4 might serve as prognosis biomarkers in AML patients. However, further detailed examinations in this
field are warranted. It is proposed that the likely mechanism of imbalanced PI3K and PTEN activity, triggered by the
deregulation of AB073614 and FER1L4, may have a crucial role in AML pathogenesis. Any component of this pathway
could potentially serve as a new target for more insightful treatment approaches.
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Introduction

Acute myeloid leukemia (AML) is characterized by
rapid progression and the accumulation of abnormal
myeloblast cells in the bone marrow, resulting in disruption
to the production of normal blood cells (Kantarjian et al.,
2021). AML, the most common type of leukemia in adults,
is notorious for its heterogeneous genetic characteristics.
Numerous molecules and signaling pathways contribute
significantly to the molecular pathogenesis of this
malignancy (Sheikhi et al., 2017; Giannopoulos, 2019;
Stanchina et al., 2020). Currently, targeted therapies are
crucial for cancer patients, although strides continue
to be made to enhance the efficacy of these treatments
and minimize their side effects (Yang and Wang, 2018;

Cucchi et al., 2021). Continued efforts are being made to
identify unique biomarkers not only to predict prognosis
but also for therapeutic interventions (Ye et al., 2019;
Yu et al., 2020). Long noncoding RNAs (LncRNAs),
typically shorter than protein-coding genes and primarily
transcribed by RNA polymerase II, are a diverse class of
noncoding RNAs (ncRNAs) longer than 200 nucleotides
without defined open-reading frames (Jiang et al., 2019).

LncRNAs have emerged as pivotal modulators of
gene expression, demonstrating cell-specific expression
patterns and engaging significantly in various biological
processes, including imprinting, epigenetic regulation,
differentiation, apoptosis, and cell cycle progression
(Koch, 2017; Peng et al., 2017). Multiple studies
suggest that IncRNAs could serve as promising targets
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for therapy in human cancer, as well as diagnostic and
prognostic markers in specific cancers. Recent research
has revealed some IncRNAs play critical roles in myeloid
differentiation and regulate vital signaling pathways such
as the PI3K axis in AML (Do and Kim, 2018).

LncRNA AB073614 is postulated to exert its effects by
targeting the PI3/AK T-mediated signaling pathway. It has
been observed that AB073614 expression is upregulated
in ovarian cancer and glioblastoma, acting as a functional
oncogene in the development of these cancers (Wang et al.,
2017). Moreover, the reduction of AB073614 expression
substantially inhibited cell proliferation and invasion,
induced G1 phase cell cycle arrest, and markedly increased
apoptosis rates of ovarian cancer cells (Cheng et al.,
2015). A decrease in AB073614 curtailed U251 glioma
cell proliferation, migration, and epithelial-mesenchymal
transition. Nevertheless, the precise role of IncRNA
ABO073614 in the pathogenesis and progression of AML
remains a contentious issue (Li et al., 2016; Liao et al.,
2019).

LncRNA Fer-1-like protein 4 (FER1L4), initially
identified in gastric cancer, is implicated in tumorigenesis
through inhibition of the PI3K/AKT pathway in cancer
cells such as osteosarcoma, hepatocellular carcinoma, and
colon cancer. It plays critical roles in numerous processes,
including cell growth, apoptosis, migration, and invasion
(Liu et al., 2014; Fei et al., 2018; Huang et al., 2020).

Considering the uncertainties regarding the pathogenic
value of AB073614 via the PI3K axis and its downstream
targets in AML patients, alongside the important role
of FER1L4 in adjusting the PI3K pathway, a study
was conducted. This study aimed not only to assess the
expression levels of the novel IncRNAs AB073614 and
FERIL4 in newly diagnosed AML patients but also
to investigate any potential correlation between the
aforementioned IncRNAs in this leukemia. The goal was to
examine the expression of AB073614 and FER 114 targets
of the PI3K pathway to propose a probable mechanism
underlying AML pathogenesis.

Materials and Methods

Patients and controls samples

Peripheral blood samples were gathered from 30 newly
diagnosed AML patients, who had not undergone previous
treatment, and 20 healthy controls. Written informed
consent was procured from each participant, aged between
17-74. The research protocol received approval from
the Research Ethics Committee at the Arak University
of Medical Sciences (ID number: IR.ARAKMU.
REC.1399.194) in adherence to the Helsinki Declaration.
Table 1 provides a summary of the clinicopathological
features of the de-novo AML patients.

Patients were diagnosed based on morphological
characteristics and specific immunophenotypes, following
the French-American-British (FAB) classification
that categorizes AML subtypes based on cellular
morphological features. Of the examined samples, 80%
were classified as non-M3 AML and 20% as AML-M3.
The median age at diagnosis was approximately 53 years.
It is worth mentioning that 64% of the patients (19 out
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of 30) were male, and 36% (11 out of 30) were female.
In the control group, the median age was also around 53
years, with 60% male (12 out of 20) and 40% female (8
out of 20).

RNA Extraction and Preparation of cDNA

Total RNA was extracted from the buffy coat layer of
patients’ and healthy controls’ peripheral blood using RNX
Plus (Trizol) reagent (Sinaclon), per the manufacturer’s
instructions. RNA quantity was measured using a
NanoDrop spectrophotometer (Optical Density (OD)
260/280 nm ratio > 1.8). The stability of the extracted
RNA was evaluated by running 1 pL of RNA on 1.5%
agarose gel to identify ribosomal RNA (rRNA) bands
corresponding to 28s and 18s subunits. A total of 1000 ng
of total RNA was reversed-transcribed to cDNA using a
cDNA synthesis kit (Sinaclon). The synthesized cDNA
was stored at -20°C for subsequent use.

Quantitative Real-Time PCR

Target IncRNA-specific primers (AB073614 and
FER1L4) were utilized, along with GAPDH as a reference
gene, using GeneRunner software (details in Table 2).
Changes in IncRNAs expression levels were detected using
SYBR green-based real-time quantitative polymerase
chain reaction (QRT-PCR) (Roche, LightCycler® 96,
Germany). A 15 pL reaction containing 2 pL. cDNA, 1
pL Sense and antisense primers, 7.5 pL of master Mix
(Sinaclon, Iran), and 4.5 puL water was amplified in a
thermal cycler. Primer specificity was ensured through
melting curve analysis. For each target IncRNA, primer
efficiency was verified using a serial dilution (fivefold
dilutions) of cDNA samples. All tests were conducted
in triplicate, and changes in mRNA expression were
calculated using the Livak method (2-AACT) (Livak and
Schmittgen, 2001).

Statistical Analysis

Statistical analyses were executed using SPSS
software (version 20.0), and graphs were generated with
the GraphPad Prism 6 software. The normality of all
continuous variables was tested with the Kolmogorov-
Smirnov test. Independent student t or Mann-Whitney U
tests were employed for comparisons between patients
and the control group. The potential correlation between
indicated IncRNAs was evaluated using Pearson’s
correlation test. A probability level of less than 0.05 was
deemed statistically significant.

Results

AB073614 and FERI1L4 expression in AML patients and
healthy subjects

Results demonstrated that the upsurge in AB073614
transcript level in AML patients was accompanied by
a reduction in FER1L4 IncRNA expression (Fig.1).
The expression level of both AB073614 and FER1L4
was found to vary between AML patients and healthy
individuals. However, the research findings suggested no
significant relationship between expression changes and
age, sex, or type of malignancy (data not shown).
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Table 1. Clinicopathological Characteristics of De Novo Acute Myeloid Leukemia Patients

Patient FAB Class Age RBC x 10¢ WBC x 10° Plt x 10° Blast (%)
1 AML-M2 47 4.12 4.5 156 36
2 AML-M3 61 3.15 20.4 74 53
3 AML-M2 52 3.94 11.7 191 29
4 AML-M1 59 291 6.3 123 24
5 AML-MO 26 3.96 5.8 125 27
6 AML-M3 74 5.25 14.3 65 39
7 AML-M4 48 4.38 36.2 43 46
8 AML-M3 66 4.12 18.4 36 34
9 AML-MS5 62 3.84 12.1 79 33
10 AML-M2 17 2.73 10.2 101 47
11 AML-MI1 43 4.87 9.8 174 29
12 AML-MS5 31 341 13.6 15 71
13 AML-M2 69 5.36 4.9 76 53
14 AML-M6 55 2.52 2.6 99 43
15 AML-M2 51 3.61 9.4 121 61
16 AML-M3 46 4.08 11.5 35 57
17 AML-M7 52 498 2.9 142 32
18 AML-M2 37 2.76 7.6 101 27
19 AML-M3 48 3.63 10.7 68 23
20 AML-M2 67 4.37 25.5 79 34
21 AML-M3 41 5.02 21.3 31 43
22 AML-M1 36 4.78 6.7 99 51
23 AML-M2 55 5.12 5.9 57 47
24 AML-M4 62 3.46 12.1 63 28
25 AML-M4 71 3.86 14.9 98 32
26 AML-M3 48 4.05 10.8 76 36
27 AML-MS5 65 4.82 9.7 105 28
28 AML-M2 49 3.92 10.8 156 27
29 AML-MO 53 3.84 12.3 106 47
30 AML-M1 50 4.31 49 84 31

AB073614 and FERIL4 expression as a potential
diagnostic marker of AML patients

Diagnostic test evaluation was conducted based on
sensitivity and specificity through the Receiver Operating
Characteristic (ROC) curve and Area Under the Curve
(AUC) calculation. The optimal cut-off for relative
quantification differentiating AML patients from controls
was determined. The AUC for AB073614 transcript level
in patients and healthy subjects was 0.980 (95% CI,
0.9389-1.000; p < 0.001) (Figure 2A). Furthermore, the
optimal cut-off value was set at 1.045, with sensitivity
and specificity levels identified as 96.7% and 100%,
respectively. For a discriminative capacity of FER1L4
expression, the cut-off point was set at 0.770, and the

AUC was 1 (95% CI, 1-1; p < 0.001), boasting 100%
sensitivity and specificity (Figure 2A).

Correlation between AB073614 and FER1L4 expression
levels in studied groups

Statistical correlation analysis was used to assess if a
significant correlation exists between the expression levels
of the IncRNAs in the patient group. Results indicated
a significant positive correlation between the IncRNA
expression levels of AB073614 and FER1L4 (r = -0.57,
P < 0.05) (Figure 2B), underlining the noticeable role of
this pathway in the pathogenesis of AML.

Table 2. Nucleotide Sequences of the Primers Used for Real-Time RT-PCR

Gene Forward Primer (5°-3) Reverse Primer (57-3”) Product size
GAPDH GACAGTCAGCCGCATCTTCT GCGCCCAATACGACCAAATC 104
AB073614 ATTTCTGCTCCTGGGTCTTAC AGTGGCTTGTCTGTTAGAGTC 124
FERIL4 CAGCCTCCACTCAGCATCTTG TGTCTCCTCCATCTCTCCTTCC 152
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Figure 1. The IncRNA Expression Level of FER1L4 Significantly Decreased. values are given as mean =+ standard

deviation of three independent experiments.

Discussion

The prevention and timely diagnosis of various
cancers, including acute myeloid leukemia (AML),
are important aspects of human health, requiring
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continuous exploration in this field (Voso et al., 2019).
It is increasingly recognized that several long noncoding
RNAs (IncRNAs) play a fundamental role in regulating
gene expression during the development of blood cells.
Dysregulated expression of these IncRNAs can disrupt
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Figure 2. A, Area under the curve (AUC) of receiver operating characteristic (ROC) for IncRNA AB073614 and
FER1L4 have been shown. 95% confidence interval (CI), sensitivity, specificity and the P-values are also shown. B,
Correlation between the expression level of AB073614 and FER1L4 in leukemic samples. Values are given as mean +

standard deviation of three independent experiments.
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Figure 3. Schematic Illustration Proposed for the Probable Role of PI3K Axis in AML Cells. Through aberrant over-
expression of AB073614 activation, subsequently leads to over activation PI3K signaling pathway in AML cells.
Upon FER1L4 downregulation, and this defective loop may be responsible for providing a chance for AML cells to

proliferate more strongly.

blood cell differentiation and promote uncontrolled
proliferation, contributing to the development of leukemia,
such as AML (Dieter et al., 2020; Gao et al., 2020). Some
of these IncRNAs have shown promise as diagnostic and
prognostic tools for hematologic cancers, particularly
AML, and have garnered significant attention in the field
(Gourvest et al., 2019). However, information regarding
the expression of specific IncRNAs in AML patients and
their correlation with clinicopathological classification
remains limited (Wang et al., 2018).

Therefore, this study aimed to assess the expression
of IncRNAs AB073614 and FER1L4 in newly diagnosed
AML patients and investigate their association with
clinical features. LncRNA AB073614 is a recently
characterized transcript that was initially identified as a
cDNA clone in Homo sapiens primary hepatoblastoma
(clone: HMFN1050) (Tripathi et al., 2018). The exact
biological functions of IncRNA AB073614 are still
unclear. Recent studies have demonstrated that IncRNA
ABO073614 is upregulated in glioma tissue and ovarian
cancer, and its overexpression is associated with poor
prognosis and an increased risk of progression in these
cancers (Li et al., 2017; Wang et al., 2019).

In this study, we examined the levels of IncRNA
AB073614 in 30 AML patients and adjacent normal
individuals using qRT-PCR. Our aim was to explore
the impact of AB073614 transcription levels on the
clinicopathological features and prognosis of these
patients. We observed higher expression levels of
ABO073614 in patients with newly diagnosed AML
compared to healthy individuals. ROC analysis revealed
that AB073614 expression levels could serve as a
favorable biomarker for distinguishing AML patients from
healthy individuals. Additionally, we found a significant
correlation between the upregulation of AB073614
and higher white blood cell (WBC) count and blast
count in AML patients, indicative of a more aggressive

clinicopathological profile.

The role of IncRNA AB073614 has been described in
the context of ovarian and glioma malignancies, where
its knockdown significantly inhibited tumorigenesis and
metastasis (Guo et al., 2019). Knockdown of IncRNA
AB073614 suppressed the proliferation and invasiveness
of ovarian cancer cells, increased their rate of apoptosis,
and induced G1-phase cell cycle arrest, potentially through
modulation of the AKT-mediated signaling pathway
(Mishra et al., 2021). The critical role of the PI3K/AKT
pathway in colorectal cancer cells induced by IncRNA
AB073614 was demonstrated in studies using both a PI3K/
AKT signaling pathway agonist and inhibitor. Similarly,
the knockdown of AB073614 was shown to inhibit the
propagation, migration, and epithelial-mesenchymal
transition process in U251 glioma cells (Liao etal., 2019).

In the past decade, significant attention has been
directed toward the dysregulation of long noncoding RNAs
(IncRNAs) in various diseases, particularly malignancies,
where they can function as central regulators in both
physiological and pathological processes (Wu et al., 2020).
Some IncRNAs have been identified to be dysregulated
in different tissues, and the expression levels of certain
IncRNAs have been proposed as potential indicators of
cancer development and prognosis (Herman et al., 2022).
FER1L4 is a IncRNA that has primarily been associated
with gastrointestinal malignancies, where it is believed to
act as a tumor suppressor (Mou et al., 2022).

In this study, we examined the association between the
expression levels of IncRNAs FER1L4 and AB073614
with AML patients and their prognosis, compared to
normal individuals, for the first time. Our data revealed
downregulated levels of FER1L4 expression in AML
patients, consistent with the findings of Ye et al. (Ye et
al., 2019). Additionally, we statistically analyzed the
correlation between FER1L4 and clinical features and
prognosis in AML patients to explore whether FER1L4
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could serve as a prognostic marker for AML. Previous
studies have shown that IncRNA FER1L4 can inhibit cell
growth by modulating PTEN expression (Li et al., 2018).
In endometrial carcinoma, IncRNA FER1L4 was found
to impair cell proliferation and affect the cell cycle by
targeting PTEN (Kong and Ren, 2018). In glioblastoma,
IncRNA FER1L4 was upregulated and appeared to
regulate tumor progression in glioma cells. PTEN is a
key tumor suppressor gene with therapeutic implications
for cancer prognosis. It negatively regulates the PI3K/
Akt/mTOR axis through its lipid phosphatase activity
(Ding et al., 2017; Sadek et al., 2020). While FER1L4
has the potential to enhance PTEN expression levels
in tumor cells, the restoration of FER1L4 expression
in cancer cells with initially low levels may not only
induce PTEN expression but also inhibit the levels of
phosphorylated Akt (You et al., 2020). The decrease in
FER1L4 expression levels also positively correlates with
low levels of PTEN expression in cancers, consistent with
findings in colon cancer (Yue et al., 2015). Although the
regulatory mechanism between FER1L4 and PTEN has
been explored in other cancer types, this study primarily
focuses on the role of FER 114 in regulating the biological
activity of AML cells, possibly through its influence on
PTEN and subsequent Akt signaling pathways.

It is important to note that the PI3K/Akt axis serves
as a key regulator of cell proliferation and apoptosis, and
PTEN can modulate the overexpression of pro-apoptotic
pathways through Akt-dependent mechanisms. In line
with this, our results indicated that AML patients with
overexpression of AB073614 exhibited a reduction in
FER1L4 expression compared to the control group. The
specific roles of IncCRNA AB073614 and FER1L4 in AML
mechanisms have not been fully elucidated, and this study
suggests, for the first time, that these IncRNAs may act
as missing links in the regulation of the PI3K/PTEN axis
(Figure 3) within AML cells.

In conclusion, our research provides evidence of
the upregulation of AB073614 and downregulation of
FERI1L4 in AML patients, with these altered expression
levels being closely associated with specific clinical
factors in AML. Our findings suggest that AB073614 and
FER1L4 may have significant roles in the pathogenesis
of AML, and any component of this pathway could serve
as a potential target for intervention in novel treatment
strategies. However, the precise molecular mechanisms
by which these IncRNAs contribute to AML pathology
require further investigation.
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