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Abstract

Background Autophagy intensity decreases in most blood malignancies, promoting
cancer cell proliferation. Acute lymphoblastic leukemia (ALL) and acute myeloid
leukemia (AML) are two main variants of leukemia. LC3, an important autophagy gene,
and its protein, MAP1LC3B, precisely predict autophagy initiation and progression.
The main objective of this systematic review is to investigate the correlation between
changes in the expression of the LC3 gene in patients with ALL and AML.

Methods We performed a literature search in PubMed, Scopus, and Web of Science
database in November 20, 2025, using the keywords and MeSH terms. All searches
were restricted to sources in the English language, andwe focused on human case-
control studies where definitive diagnosis was performed using hematological
parameters.

Results Initial identification included 1282 articles. Duplicates were removed, leaving
821 papers for screening. From these, 787 articles were removed for inappropriate
titles and abstracts, leaving 34 for further review. Ultimately, 10 papers met the

criteria for this systematic review. Five AML investigations demonstrated considerably
lower LC3 gene expression than healthy controls. Downregulation was similar in one
research. Upregulation was seen in two investigations. In two papers, ALL patients had
considerably lower expression than healthy controls. Upregulation was significant in
one study and non-significant in another one.

Conclusion The LC3 gene appears to be downregulated more consistently in AML,
suggesting potential diagnostic or prognostic value. However, findings in ALL are
inconsistent, and no definitive conclusion can be drawn. Further high-quality studies
are required to clarify the role of LC3 in acute leukemias.

Highlights

1. The primary aim of this systematic review is to examine the association between
alterations in the expression of the LC3 gene in individuals diagnosed with ALL and
AML.

2. We identified a total of 1282 citations and selected 10 articles on human case-
control studies. These articles included a total of 247 patients with AML, 125 patients
with ALL, and 162 control subjects.
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3. In most studies, LC3 expression was clearly downregulated in AML, indicating

a potential role of autophagy-related pathways in its pathogenesis. However,
findings in ALL were limited and inconsistent, making it difficult to draw definitive
conclusions.

Keywords Autophagy, Acute lymphoblastic leukemia, Acute myeloid leukemia, LC3,
\MAP1 LC3B

1 Introduction
Leukemia is recognized as one of the most common cancers among the young popula-
tion and consistently ranks among the top five most prevalent cancers in children and
adolescents. Although global incidence varies across regions, it remains a major con-
tributor to the cancer burden in this age group [1]. Acute lymphoblastic leukemia (ALL),
which is derived from immature hematopoietic cells and ultimately leads to bone mar-
row failure, is the most prevalent type of malignancy in children, whereas acute myeloid
leukemia (AML), which emerges when atypical myeloid progenitors build up in the
bone marrow and peripheral circulation, is a serious hematologic risk that is typically
assessed in adults between 65 and 74 years of age [2—5]. Cellular homeostasis is achieved
at the basal level in healthy cells [6, 7]. It is dysregulated in a variety of pathological
conditions, including cancer [8, 9]. An essential part of preserving cell homeostasis is
cell death, a process that has been conserved throughout evolution. Apoptosis, necro-
sis, necroptosis, ferroptosis, pyroptosis, NETosis, and autophagy are different types of
cell death that altered in most hematological malignancies [10-14]. The development
of groundbreaking approaches utilizing the immune system’s inherent capabilities to
combat malignancies indicates the vital importance of finding targeted therapies [15].
Therefore, a comprehensive understanding of the regulation of cellular processes,
including autophagy, is essential for identifying new therapeutic targets in oncology
[16]. Autophagy is a cellular degradation process that is extremely conserved and helps
maintain cellular homeostasis and cell function by the lysosomal degradation pathway,
breaking down damaged organelles and malfunctioning cytoplasm [17]. The disruption
of autophagy may have a significant impact on the development and initiation of leu-
kemia [3]. Chaperone-mediated autophagy, microautophagy, and macroautophagy are
the three different types of autophagy [18]. During the most well-known autophagy,
known as macroautophagy, entire cell regions are encased in double-membrane vesi-
cles or autophagosomes. After these autophagosomes combine with lysosomes to form
autophagolysosomes, the proteases contained in the autophagolysosomes decompose
the components stored in them [19]. Figure 1 demonstrates that each of these steps is
strictly regulated by certain proteins, including microtubule-associated protein 1 light
chain 3f (MAPILC3B). By means of a posttranslational ubiquitin-like conjugation
mechanism, the LC3 is covalently bonded to phosphatidylethanolamine (PE), leading to
its preferential localization at the autophagosomal membrane. Autophagosome forma-
tion depends on the process by which LC3 transforms from its unconjugated (LC3-I)
to PE-conjugated (LC3-II) forms [18]. LC3 is a crucial gene associated with autophagy,
and its related protein, MAP1LC3B, is a predictor of the beginning and development of
autophagy and a component of the autophagy cascade [20-22].

Generally, autophagy may play a dual role in leukemia, according to studies. It can pre-
vent normal hematopoietic cells from changing into leukemia cells, which is one of its
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Fig. 1 Schematic role of LC3 in the autophagy process

key anticancer mechanisms. A malfunction in autophagy could be the cause of the onset
and progression of leukemia. However, it might also act as a defense mechanism for leu-
kemia cells, assisting them in overcoming harmful environmental stimuli like oxidative
stress [23]. Furthermore, the critical autophagy gene LC3’s expression level in acute leu-
kemia is still unknown. This gene is more expressed in acute leukemia, according to cer-
tain research [3, 24], while less expression is shown in other studies [25-30], so the main
aim of this systematic review is to investigate the correlation between changes in the
LC3 gene expression in patients with ALL and AML.

2 Materials and methods

2.1 Systematic search

The systematic search focused on acute leukemia and the autophagy pathway was
accomplished in PubMed, Web of Science (WOS), and Scopus databases. We concen-
trate on MAPILC3B, as an essential marker for developing autophagy. There was no
time constraint on the search. The date of the last search was on November 20, 2025.
Keywords, abstract, and MeSH terms included “Acute lymphoblastic leukemia” OR
“ALL” OR “Precursor Cell Lymphoblastic Leukemia Lymphoma” OR “Lymphoblastic
Leukemia” OR “Lymphocytic Leukemia, Acute” OR “Acute Lymphocytic Leukemia” OR
“Leukemia, Acute Lymphocytic” OR “Leukemia, Lymphocytic, Acute” OR ”"Leukemia,
Lymphoblastic, Acute” OR "Leukemia, Acute Lymphoblastic” OR "Acute Lymphoblastic
Leukemia” OR "Lymphoblastic Lymphoma” OR “Lymphoma, Lymphoblastic” OR “Acute
Lymphoid Leukemia” OR “Leukemia, Acute Lymphoid” OR “Lymphoid Leukemia,
Acute” OR "Leukemia, Lymphoid, Acute” OR ”"Leukemia, Lymphoblastic’” OR “Lym-
phoblastic Leukemia, Acute” OR "Leukemia, Lymphocytic, Acute, L1” OR “Lympho-
cytic Leukemia, L1” OR "L1 Lymphocytic Leukemia” OR "Leukemia, L1 Lymphocytic”
OR ”“Leukemia, Lymphoblastic, Acute, L1” OR "Lymphoblastic Leukemia, Acute, L1”
OR "ALL, Childhood” OR "Lymphoblastic Leukemia, Acute, Childhood” OR “Leukemia,
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Lymphocytic, Acute, L2” OR “Leukemia, Lymphoblastic, Acute, Philadelphia-Positive”
OR “Lymphoblastic Leukemia, Acute, L2” OR "Lymphocytic Leukemia, L2” OR “L2
Lymphocytic Leukemia” OR “Leukemia, L2 Lymphocytic” OR “Lymphoblastic Leuke-
mia, Acute, Adult” OR “Leukemia, Lymphoblastic, Acute, L2” OR “acute myeloblastic
leukemia” OR “AML” OR “Leukemia, Nonlymphocytic, Acute” OR “Leukemia, Acute
Myeloid” OR “Acute Myelogenous Leukemia” OR “Acute Myelogenous Leukemias” OR
“Leukemias, Acute Myelogenous” OR "Myelogenous Leukemias, Acute” OR "Leukemia,
Acute Myelogenous” OR "Leukemia, Nonlymphoblastic, Acute” OR “Nonlymphoblastic
Leukemia, Acute” OR "Acute Nonlymphoblastic Leukemia” OR "Acute Nonlymphoblas-
tic Leukemias” OR "Myelocytic Leukemia, Acute” OR “Acute Myelocytic Leukemia” OR
"Leukemia, Myelogenous, Acute” OR “ANLL” OR “Acute Nonlymphocytic Leukemia”
OR "Myeloid Leukemia, Acute” OR "Acute Myeloid Leukemia” OR “Acute Myeloid Leu-
kemia without Maturation” OR “Acute Myeloid Leukemia with Maturation” AND “LC3”
OR “MAP1LC3” OR “microtubule-associated protein 1 light chain 3” OR “autophagy-
related protein LC3” OR “LC3A” OR “LC3B” OR “LC3C” OR “LC3IIB” OR “autophagy
marker light chain 3B” OR “MAP1A LC 3B” OR “MAP1B LC3B” OR “MAP1 LC3B” Fur-
thermore, we collected the citations from pertinent reviews and the literature that was
incorporated.

2.2 Eligibility criteria and data collection

Only English-language journal papers were considered in this systematic review, and the
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guide-
lines were followed during the review [31]. Our study was registered in PROSPERO, with
the registration code of CRD42024579408. Excluded items were review studies, manu-
scripts not published, studies investigating alternative cell death pathways or focusing on
unalike autophagy indicators (except MAPILC3B), and studies with any interventions.
Moreover, we focused on human case-control studies where definitive diagnosis was
performed using hematological parameters. As a result, in vitro and animal studies were
excluded. In the event that there was a disagreement between the two reviewers on an
article’s eligibility, a third expert reviewer decided whether or not to include it.

Two reviewers independently collected data as follows: (i) Author’s name, (ii) Year
of publication, (iii) Country of study, (iv) Malignancy type, (v) Sample size, (vi) Speci-
men type, (vii) Gene expression method, (viii) Expression level of LC3, and (IX) final
conclusion.

2.3 Quality assessment

Quality assessment was measured using the Newcastle—Ottawa Scale (NOS) [32]. The
NOS total scores varied from 0 to 9, with scores of 1-3, 4—6, and 7-9 categorized as
low-, moderate-, and high-quality studies, respectively. Two reviewers independently
carried out the assessment.

3 Results

3.1 Study collection and characteristics

Initially, 1282 articles were identified. After removing duplicates, 821 papers remained
and underwent screening. Among these, 787 articles were excluded due to unrelated
titles and abstracts, leaving 34 articles for further evaluation. Ultimately, 10 papers met
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the criteria for inclusion in this systematic review. The PRISMA flow chart is shown in
Fig. 2.

3.2 Characteristics and quality assessment of the studies

Six articles focused on AML patients, two examined ALL patients, and two investigated
both malignancies, as shown in Table 1. The included studies incorporated 372 cases,
from which 247 were AML patients and 125 were ALL. These studies were published
between 2015 and 2025. Five of them were conducted in Iran, two in China, and two
in Egypt. The United Kingdom also had one study. The specimen type used for RNA
extraction was peripheral blood in four studies, bone marrow in four studies, and in two
studies, both of which were assessed. The expression of LC3 in acute leukemia speci-
mens was evaluated by the quantitative real-time polymerase chain reaction (QRT-PCR)
method in all included studies. The methodological scores of the NOS evaluationfor
each included study are presented in Table 1. The scores of all of the included studies

were > 6 points, and the average score was 8.3, indicating their acceptable quality.

3.3 LC3 gene expression results

The results showed that in five studies involving AML patients, LC3 gene expression
was significantly reduced compared to the non-cancerous control group [25, 28-30, 33].
Also, in one study, the downregulation was not significantly different between the case
and control groups [27]. In addition, in two studies, the upregulation of the LC3 gene
was observed, while in one of these studies, the elevation of LC3 was not significant [3,
24]. The results for ALL patients revealed that LC3 gene expression was significantly
reduced compared to the healthy control group in two studies [25, 26]. Also, a signifi-
cant upregulation of LC3 was seen in one study compared to the control group [34]; in
another study, although an upregulation of the LC3 gene was observed, it was not signifi-
cant when compared to the control group [24].

)
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Fig. 2 PRISMA flow chart
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4 Discussion

Autophagy, a remarkably preserved mechanism of programmed cell death, is pivotal in
immune reactions, cellular energy processes, programmed cell death, and apoptosis [35].
In certain situations, such as stress, autophagy can break down proteins and impaired
organelles within lysosomes through various pathways, supplying energy essential for
cellular survival [36]. This pathway involves multiple stages, such as induction, autopha-
gosome nucleation, elongation and maturation, and finally, lysosomal fusion and degra-
dation [37]. For the induction phase, FIP200 protein is important in arranging the ULK
complex with the accompaniment of ATG13 and ATG101. Autophagosome nucleation
can be triggered by stimulation of protein kinase and lipid kinase complexes [38]. Dur-
ing the vesicle elongation and maturation stage, LC3-PE conjugation is facilitated by
ATG7, ATG10, and ATG3. ATG4 processes LC3 into LC3I, which is subsequently trans-
formed into LC3IIL. LC3II then localizes to the autophagosome membrane, serving as a
marker for the autophagy pathway [39, 40]. This lipidation leads to the recruitment of
ubiquitinated p62, which is attached to cargo molecules destined for degradation [41]. In
the final stage, autophagosomes merge with lysosomes to create autolysosomes, which
selectively degrade autophagic cargoes [42].

Remarkably, autophagy exhibits a bipartite influence within oncogenesis. During the
nascent stages, it predominantly acts as a suppressor of carcinogenic cell proliferation.
On the other hand, in the latter stages, it provides resilience against stressors such as
anoxia and nutrient scarcity, thereby facilitating drug resistance and contributing to
oncogenic progression [43]. Autophagy in hematological malignancies is not exempt
from this, and that dual function has been reported in several studies [44, 45]. Mod-
ulating autophagy may be an effective strategy for treating various AML subtypes and
overcoming drug resistance [46]. Thus, studying the alteration of LC3 gene expression
in acute leukemia patients can clarify this pathway more than previously understood. To
the best of our knowledge, this is the first systematic review to assess LC3 gene expres-
sion in patients with AML and ALL although only ten studies have reached the inclusion
criteria for this systematic review.

In AML patients, the downregulation of LC3 gene expression was more predominant.
However, in two studies, upregulation of that gene expression was observed. This dis-
crepancy might be due to differences in AML types or the degree of progressive cancer
at the time of definitive diagnosis in the studies included. Regarding ALL patients, the
available evidence is more limited, as only four studies have examined LC3 expression
in this group. Among these, two studies reported a significant reduction in LC3 gene
expression compared with healthy controls. Conversely, one study demonstrated a sig-
nificant upregulation of LC3, while another showed a non-significant increase. Given
these inconsistent findings and the small number of available studies, no definitive con-
clusion can be drawn about LC3 expression patterns in ALL [24, 34, 47, 48]. In addition,
it was reported that Arsenic trioxide (A,0;) and Doxorubicin induced anti-leukemic
effects in primary AML progenitor cells through autophagy mechanisms in vitro [49,
50]. These findings suggest that the loss of autophagy genes might generally promote
tumor growth. However, some studies do not fully support this deduction [51]. Conse-
quently, more original studies are needed to validate this assumption.

Triggering cellular autophagy through certain interventions can be a potential mecha-
nism to overcome drug resistance in various cancers, including AML and ALL. Targeting
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AML cells with LncSIK1, a novel IncRNA, has been reported to reduce the resistance
of AML cells to retinoic acid by regulating the autophagy pathway [52]. Future original
studies are recommended to stimulate the expression of the LC3 gene, which is a crucial
predictor of autophagy.

These findings cannot be generalized to other cancers. For instance, breast cancer and
hepatocellular carcinoma patients with high LC3 protein expression had worse overall
survival [53, 54]. Conversely, there was no correlation between LC3 protein expression
and overall survival in ovarian cancer patients [55]. However, colorectal cancer patients
with elevated LC3 protein expression showed a favorable overall survival [56].

The variability in LC3 expression reported across studies highlights a considerable
level of inter-study heterogeneity, influenced by differences in patient populations,
sample sources, and technical approaches. In the included studies, the AML patients’
age was significantly higher than that of ALL patients, and the age range and mean of
patients and healthy control groups were almost close together. In addition, in almost
all of the related studies, it was stated that there was no significant association between
the expression of LC3 and age of the patients. In the included articles related to AML,
there were varied FAB/immunophenotypic subtypes, such as AML M3 and AML non-
M3, which could be a potential heterogeneity among the studies. However, in Tandel’s
study, the AML patients were classified into M3 and non-M3, but no significant correla-
tion was identified between the expression of autophagy-related genes and the subtype
of patients at diagnosis [3]. Another potential inter-study heterogeneity is the differ-
ences in risk stratification among studies, which can influence the baseline activity of
the autophagy pathway. For instance, high-risk mutations such as FLT3-ITD are associ-
ated with higher autophagy via ATF4 activation in AML [57]. Also, it was reported that
TP53-mutant AML exhibited higher autophagic flux compared to TP53 wild-type AML
[58]. Moreover, leukemia status (newly diagnosed or relapsed phase) is another major s
ource of variation although most of the studies evaluated the gene expression in de novo
patients, and we excluded those with any intervention or treatment for patients before
gene expression analysis. In addition, the bone marrow microenvironment is structur-
ally different from peripheral blood, with altered metabolic and stress signaling in the
marrow that could affect autophagic regulation [59]. This difference may cause varia-
tions in LC3 expression. However, all of the included studies used GAPDH or beta actin
genes for normalization, but this diversity may affect the reliability of normalization and
influence the relative gene expressions. Technical differences also contribute to hetero-
geneity. Variability in RNA extraction methods, RNA integrity, and the anatomical site
of aspiration can alter the RNA quality and influence qPCR results. Finally, differences in
qPCR assay efficiency, primer design, and instrumentation introduce additional techni-
cal variability.

In this study, we should acknowledge several limitations. Besides LC3, other autoph-
agy-related markers, such as Beclin-1 or p62, could also be investigated to clarify the role
of autophagy in acute leukemia patients. Additionally, out of the nine included studies,
seven were from Asia, one from Egypt, and one from the United Kingdom. The absence
of studies from other regions may hinder our ability to establish correlations between
changes in the LC3 gene expression among acute leukemia patients in those areas. Fur-
thermore, we recognize that protein expression results hold greater validity than gene
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expression results due to post-translational modification changes [60, 61]. However, the
studies included in our systematic review did not provide data on protein expression.

5 Conclusion

In most studies included in this systematic review, downregulation of LC3—and con-
sequently the affected autophagy pathway—was consistently observed in patients with
AML. However, findings in ALL were markedly inconsistent, with studies reporting
both decreased and increased LC3 expression. Therefore, while LC3 may have potential
diagnostic or prognostic value in AML, current evidence is insufficient to draw definitive
conclusions for ALL. Future large-scale, well-designed studies are required to validate
these findings and clarify the role of LC3, particularly when evaluated alongside addi-
tional autophagy-related genes.
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ATG13 Autophagy-related protein 13
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