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Abstract. The lethal-7 (Let-7) family of microRNAs
(miRNAs) controls the process of development and differ-
entiation, but is also related to the occurrence of tumors
and a poor prognosis of patients with tumors. Thus, a more
comprehensive exploration of its functions will provide further
insights into these processes, and may promote the diagnosis
and treatment of tumors. Leukemia is a type of progressive
malignant disease, and its pathogenesis involves a variety
of epigenetic factors. Amongst the several related epigen-
etic factors, the Let-7 miRNAs are an important family of
molecules that play a crucial role in maintaining a variety of
critical biological processes, including development, differen-
tiation and proliferation. In the present study, the role of Let-7
as a tumor suppressor gene and oncogene is reviewed, and the
complex regulatory functions of several Let-7 family members
in different subtypes of leukemia are described. The current
body of knowledge thus far indicates that Let-7 is not only a
potential diagnostic and prognostic marker of leukemia, but
also a potential therapeutic target for the treatment of affected
patients, with particular potential when targeted by adjuvant
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treatments alongside traditional treatment to improve their
survival rate.
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1. Introduction

Leukemia is a progressive malignant disease that can be
divided into two categories, acute leukemia and chronic
leukemia, according to the degree of differentiation and the
natural course of the disease. Acute leukemia can be divided
into acute myeloid leukemia (AML) and acute lymphoblastic
leukemia (ALL), and chronic leukemia can be divided into
chronic myelogenous leukemia (CML) and chronic lympho-
cytic leukemia (CLL) (1). In addition, there are also certain rare
subtypes of leukemia, such as prolymphocytic leukemia and
hairy cell leukemia. Although there has been rapid progress
in the understanding of the cellular and molecular etiology of
leukemia, and numerous novel anticancer drugs and treatment
strategies have been developed in the past few decades, the
chemotherapy-based treatment methods used for each type
of leukemia have remained the same. For example, AML is
still primarily treated with a combination of cytarabine and
anthracycline (2-4). In recent years, novel targeted therapeutic
strategies, including monoclonal antibodies and small mole-
cule inhibitors, have been extensively researched (5). However,
to date, apart from the use of all-trans retinoic acid in acute
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promyelocytic leukemia (APL), no targeted therapy has been
proven to be more effective than conventional therapies (6).

It is well established that, at present, the treatment of
leukemia is primarily based on chemotherapy, sometimes
combined with radiotherapy. However, chemotherapy often
results in cytotoxic side effects, including immune and
hematopoietic suppression, or cognitive dysfunction of the
central nervous system (7-9). In view of the toxic effects of
chemotherapy, there is an urgent need to discover novel and
effective treatment methods or techniques. MicroRNAs
(miRNAs/miRs) are small non-coding RNAs of ~22 nucleo-
tides (nts) in length; the entirety of nucleotides 1-22 of the
lethal-7 (Let-7) RNAs are highly conserved across bilaterians
(Fig. 1) (10). Regulation of the expression of several genes by
miRNAs is essential for maintaining a balance in a variety
of important biological processes, including development,
differentiation and hematopoiesis (11,12). Certain non-coding
RNAs, particularly miRNAs, are potential biomarkers for
monitoring the progression, recurrence and prognosis of
patients with cancer or leukemia (13), and can participate in the
bilateral communication between the tumor and surrounding
cells (14). It has also been demonstrated that miRNAs may be
used as oncogenes or tumor suppressor genes, which promote
the malignant transformation of solid and hematological
tumors, including AML (15,16). In addition, miRNAs can also
participate in the occurrence and development of other types of
diseases, such as Alzheimer's disease, obesity and cancer (17).
An increasing number of experimental results have shown that
certain miRNAs are increasingly associated with cancer, and
such miRNAs are often referred to as ‘oncomiRs’ (18). There
is growing evidence to suggest that Let-7 shares characteris-
tics with other miRNAs and can serve as a biomarker for the
diagnosis and prognosis of leukemia, and even that it can be
used as a potential target for its treatment (19). In the present
review, the associations between the Let-7 family members and
leukemia are summarized, with a particular focus on the roles
of these members as biomarkers in diagnosis and prognosis, or
as potential therapeutic targets for the treatment of leukemia.

2. Overview of Let-7

OncomiRs are miRNAs targeting mostly cancer hallmark
genes, such as oncogenes or tumor suppressor genes, and
are extensively associated with carcinogenesis (20). These
oncomiRs are derived from tissues or from the circulation,
and can be used as biomarkers to predict tumor development
and outcome (21). The Let-7 family of miRNAs are a prime
example of oncomiRs, as they act as tumor suppressors in
several cell types (22), including breast (23) and lung (24)
cancer cells. The first member of this family was discovered
in Caenorhabditis elegans, where it was shown to serve as an
important developmental regulator (25,26). The role of Let-7
in the development of cancer led to speculation that it was
related to the occurrence of leukemia (27). Deletion of Let-7
was shown to promote the development of cancer through
induction of its target oncogenes and stemness factors. Let-7
physiologically regulates several target genes related to
cell cycle progression, proliferation, differentiation and cell
signaling pathways. As such, it is usually classified as a tumor
suppressor, as it can decrease the aggressiveness, as well as

the chemical and radiation resistance of a cancer (28). There
are a variety of mature Let-7 subtypes (29), and nine impor-
tant members have been identified to date: Let-7a, Let-7b,
Let7c, Let-7d, Let-7e, Let-7f, Let-7g, Let-7i and miR-98. Seed
sequences are the nt 2-8 sequences in miRNAs that bind to
target mRNA 3'-untranslated region (3'UTR), and they are
negatively regulated by base pairing. Seed sequences are a
major determinant of miRNA activity (30). Base pairing of
nts 9-22 can also promote target repression, but non-seed base
pairing is less restricted than seed pairing. Thus, the miRNA
sequences of seed sequences nts 2-8 are the most evolution-
arily conserved, while the miRNA sequences of non-seed nts
are less conserved (10). Mature members of the Let-7 family
possess the same ‘seed sequence’ and a slightly different
‘non-seed sequence’ region. Mature Let-7 usually negatively
regulates the expression levels of target mRNAs through
incomplete base pairing on the 3'UTR and thereby inhibits
translation (31). For example, in current diagnostic methods
for papillary thyroid cancer, chimeric antigen receptor Let-7
is a useful marker (32). Let-7 is the central regulator of energy
homeostasis, and exhibits significant plasticity in the metabolic
response to nutrient availability and physiological activity (33).
Conversely, Let-7 may regulate the characteristics of leukemia
stem cells by inhibiting self-renewal and promoting differen-
tiation (34). Let-7 can directly or indirectly inhibit a variety of
cell cycle oncogenes, such as c-Myc, Ras, high mobility group
AT-hook 2 and 1in-28 homolog B (1in28B) (35), and participate
in the entire process of regulation of gene expression of these
types of cycle regulators (36,37). These findings suggest that
Let-7 is a key regulator of cell cycle progression and differ-
entiation. Therefore, Let-7 may serve as a potential candidate
target for the treatment of leukemia.

3. Expression and roles of Let-7 in AML

miRNAs control the expression of several genes that are
involved in the differentiation of normal hematopoietic stem
cells (HSCs) and tumorigenesis, including p53, Cyclin DI,
C-myc, B-catenin and Survivin (16). In the process of tumor
progression, due to post-transcriptional regulation, miRNAs
have been found to significantly affect the phenotype of
tumor-associated macrophages (TAMs) through a variety of
target genes and signaling pathways, such as the Wnt signaling
pathway (38,39), and the deregulation of miRNAsS is prevalent in
hematological malignancies. A comprehensive understanding of
the role of miRNAS in the complex regulatory network of AML
cells is a prerequisite for the development and use of miRNAs
as targets for the treatment of leukemia (40). It has been shown
that the changes in the expression of miR-29, miR-125, miR-142,
miR-146 and miR-155 play an important role in the progression
and pathogenesis of AML (41). The miR-125 family, including
miR-125a/miR-99b/Let-7e, miR-125b-2/miR-99a/Let-7c-1
and miR-125b-1/miR100/Let-7a-2, are located on human
chromosomes 19, 21 and 11, respectively, and are involved in
the self-renewal of HSCs and megakaryocyte-erythrocyte
progenitor cells (42). Overexpression of miR-125 will promote
the development of a myeloproliferative neoplasm-like pheno-
type, which will then develop into AML. As a member of the
miR-125 family, Let-7 can bind to target mRNA and cause
its degradation or interrupt its transcription (43). Since the
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Figure 1. Conservation of the Let-7 microRNA. Let-7, lethal 7.

transcriptional regulation of specific genes by Let-7 is essential
in several normal developmental processes, Let-7 is highly
expressed during embryogenesis and brain development,
and remains at high levels in adult tissues (44). In addition,
as Let-7 is known to regulate the fate of HSCs together with
mir-99a/100, mir-125b-1/2 and LIN28B (45), it was not unex-
pected that abnormal expression of miRNA Let-7 was found to
lead to defects of cell proliferation and differentiation of AML
cells. In a study on a group of patients with intermediate-risk
AML, it was shown that high Let-7a-2-3p expression could be
used alone as a biomarker for the prognosis of patients with
AML (46). In patients with cytogenetically normal-AML
(CN-AML), elevated expression of Let-7a-2-3p was significantly
associated with prolonged overall survival and event-free
survival times (40). Furthermore, the prognostic value was
confirmed in the European Leukemia Net genetic categories
and validated in multivariate analyses of other known risk
factors (44). Amongst the patients with high Let-7a-2-3p expres-
sion, FosB proto-oncogene AP-1 transcription factor subunit
was a commonly upregulated gene, which has been shown to
be a cofactor of the Jun proto-oncogene AP-1 transcription
factor subunit family, and is involved in regulating proliferation
or differentiation of leukemia cells (47). Further analysis (46)
showed that high Let-7a-2-3p expression could be used as a good
prognostic marker in patients with CN-AML independently or
in combination with other risk factors, particularly in patients
after stem cell transplantation. Therefore, Let-7a-2-3p could be
used not only as a prognostic biomarker for evaluating treat-
ment outcome, but also as a possible indicator to guide the
choice of treatment strategy for stem cell transplantation of
CN-AML. Another study (48) confirmed that Let-7a-2-3p was
upregulated in primary cells of patients with AML, and that it
could promote the transformation of normal hematopoietic cells
into malignant cells in vivo or in vitro. It was also demonstrated
that high Let-7a-2-3p expression can decrease the expression of
Jun dimerization protein 2 and leukocyte immunoglobulin-like
receptors (LILRAS/6 and LILRB2/3), and is associated with
a poor prognosis in patients with AML with a normal karyo-
type (49). In addition, Let-7 interferes with the expression of
tumor suppressor gene BCL2/Bakl1, which can promote the
proliferation and inhibit the apoptosis of AML cells (50). In a
previous study, Let-7b expression was shown to be lower in the
low-risk karyotype AML group and higher in the intermediate
or high-risk karyotype AML group (51). The expression of Let-7
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is also related to the drug resistance of leukemia; for example,
miR-98 belongs to the Let-7 family, and the overexpression
of miR-98 in drug-resistant cells significantly reversed drug
resistance (52). It is speculated that miR-98 may be a potential
approach to overcome the drug resistance of leukemia cells. In
addition to this, Let-7 was shown to be involved in the trans-
formation of malignant AML in animal models, suggesting
that Let-7 may be a therapeutic target with potential clinical
value (53). Therefore, a comprehensive understanding of the
carcinogenic events associated with changes in Let-7 expression
and the regulatory network of downstream signaling pathways
will not only help reveal its role in the occurrence and devel-
opment of AML, but also provide a basis for Let-7-targeted
therapeutic strategies.

4. Expression and roles of Let-7 in ALL

ALL accounts for 75% of childhood leukemias and 30% of
childhood malignant tumors. Although intensive combina-
tion therapy can improve the therapeutic outcomes, 15-20%
of patients still fail to respond appropriately, and relapse is
the primary cause of treatment failure (54). After initially
understanding the relationship between the Let-7 family and
AML, the role of the family in ALL was next determined.
It was first discovered that Let-7b was one of 27 miRNAs
differentially expressed between ALL and AML, and certain
important miRNAs could distinguish ALL from AML more
accurately (55). Let-7b was detected using reverse transcrip-
tion-quantitative PCR in 70 patients with newly diagnosed
pediatric ALL and the significance of Let-7b was evaluated
in all the indicated patients (56). The results revealed that
the expression levels of Let-7b in the patients varied only to
a small degree compared with that in the healthy controls,
with no statistically significant differences. Conversely, other
reports confirmed that the expression of Let-7e was decreased
in pediatric patients with ALL (57,58), but that after 14 days
of treatment, Let-7e expression was upregulated, and this
was accompanied by the disappearance of minimal residual
disease (58). Let-7i expression in ALL is rarely upregu-
lated (59). Therefore, the aforementioned results indicated
that the role of Let-7 family in ALL is complicated, and in
order to better judge its role in the development of ALL, it
is necessary to further adopt advanced quantitative or rela-
tive quantitative methods for the accurate determination of
its biological activity (56). Compared with those in ALL,
the expression levels of Let-7i in AML were reported to be
upregulated, whereas Let-7e showed the opposite trend of
expression. Although Let-7b is primarily used as one of the
miRNA biomarkers for distinguishing ALL and AML (60),
the role and application of the Let-7 family in ALL requires
further large-scale analysis to evaluate its clinical significance.

5. Expression and roles of Let-7 in CML

Since the turn of the millennia, by studying a novel type of
gene product of miRNAs in CML, it has been discovered that
several miRNAs are dysregulated in patients with CML (61).
It has been demonstrated that the pathogenesis and progres-
sion of CML is closely associated with the MAPK signaling
pathway, and the dynamic reduction in miRNAs is primarily
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Figure 2. Different types of Let-7 miRNAs affect the occurrence and development of leukemia by regulating different pathways through positive and negative
feedback. miRNA, microRNA; ATL, adult T-cell leukemia; ALL, acute lymphoblastic leukemia; CML chronic myeloid leukemia; APL, acute promyelocytic
leukemia; AML, acute myeloid leukemia; Let-7, lethal 7; TKI, tyrosine kinase inhibitor; LILR, leukocyte immunoglobulin-like receptors; PML/RARa,

promyelocytic leukemia/retinoic acid receptor a.

involved in the PI3K/Akt signaling pathway (62); it was further
shown that miRNAs can target multiple genes to regulate
their expression (63). With the advent of advanced technolo-
gies and analytical methods, the downregulation of Let-7 in
lung tumor samples was reported for the first time, paving
the way for the use of miRNAs with high clinical potential as
biomarkers for deferent tumors or leukemias (64). Microarrays
were used to identify differentially expressed Let-7, and the
expression profile and possible biological functions of plasma
Let-7 in the different stages of CML were detected (65).
The candidate miRNAs in the chronic phase, accelerated
phase and explosive crisis phase were verified using reverse
transcription-quantitative PCR assay, and the function of
Let-7 was analyzed using the bioinformatics tool, Database for
Annotation, Visualization and Integrated Discovery (66). The
results showed that the dysregulation of Let-7 and its possible
target genes were involved in important signaling pathways
and related to changes in cell biological function. For example,
plasma Let-7b-5p expression in patients with CML was lower,
suggesting that the dysregulation of plasma Let-7 may play a
regulatory role in the pathogenesis of CML. Let-7b-5p can be
used as a potential biomarker for the diagnosis and prognosis
of CML. This strong evidence showed the central role of Let-7
expression in tumorigenesis, and confirmed the regular charac-
teristics of miRNAs in leukemia. In view of the higher rate of
relapse in patients with CML, it is necessary to explore novel
biomarkers for CML diagnosis, prognosis and treatment. The
discovery of non-coding RNA Let-7 opens up novel prospects
for the diagnosis, prognosis and treatment of CML (67,68).

6. Expression and roles of Let-7 in APL
APL is a type of acute leukemia with rapid onset symptoms,

insufficiency of intravascular coagulation, a poor response to
chemotherapy and a high mortality rate. The most common
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Figure 3. Diagnostic and prognostic value of Let-7 miRNAs. miRNA,
microRNA; ATL, adult T-cell leukemia; ALL, acute lymphoblastic leukemia;
CML, chronic myeloid leukemia; APL, acute promyelocytic leukemia; AML,
acute myeloid leukemia; CN, cytogenetically normal; IGFIR, insulin-like
growth factor 1 receptor; Let-7, lethal 7; -, no research data.

cause of APL is attributed to the promyelocytic leukemia/reti-
noic acid receptor o. (PML/R ARa) fusion gene by translocation
of human chromosomes 15 and 17. Although there are several
studies on the development of APL, the mechanism of patho-
genesis of this leukemia is still not fully understood. The latest
advances in molecular biology indicated that miRNAs were
involved in the occurrence of APL by regulating the expression
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Table I. Modes of leukemia regulation, cellular effects, and diagnostic and prognostic value of different Let-7 family members.

Change in Effect on Clinical
Let-7 member Leukemia type expression tumor cells value/function (Refs.)
Let-7a-2-3p IR-AML Increased Promotion Used alone as a biomarker (44)
of prognosis in patients
with AML
Let-7a-2-3p CN-AML Increased Promotion Associated with a poor (49)
prognosis in patients
with CN-AML
Let-7b IR-AML and Increased Promotion Indicator to distinguish n
HR-AML ALL from AML
miR-98 AML Increased Inhibition Overcomes AML cell (53)
resistance
Let-7e ALL Decreased initially, Inhibition Monitor ALL treatment (57,58)
increased after levels
treatment
Let-7i ALL Decreased Inhibition Monitor ALL treatment (59)
levels
Let-7b-5p CML Decreased Inhibition Important regulator of (65)
the CML signaling
pathway
Let-7c APL Decreased initially, Inhibition Predicts drug response or 77
increased after relapse in the treatment
relapse of APL
Let -7a-5p APL Decreased Inhibition Negatively regulates (79)
caspase 3 to promote
apoptosis in APL cells
Let-7a ATL - - - 81)

ATL, adult T-cell leukemia; ALL, acute lymphoblastic leukemia; CML chronic myeloid leukemia; APL, acute promyelocytic leukemia; AML,
acute myeloid leukemia; IR, intermediate-risk; HR, high-risk; CN, cytogenetically normal; miR, microRNA; Let-7, lethal 7; -, no research data.

of certain genes (69). For example, the proto-oncogene c-Myc
is known to promote cell viability and proliferation, and
plays a key role in maintaining the cell cycle in the majority
of hematopoietic cell lines (70). In several malignant tumors
of the hematopoietic system, the high expression of c-Myc is
associated with a poor prognosis, and c-Myc is often activated
by PML/RARa in APL (71,72). Data from in vitro and in vivo
models suggest that the downregulation of c-Myc expression
induces myeloid cells to enter the granulocyte differentiation
pathway (73). Failure to downregulate c-Myc in transgenic
mice can lead to myeloid leukemia, which is characterized
by blocked differentiation, indicating that the inhibition of
c-Myc is a key event for cells to commit to the differentiation
pathway (74,75). The Let-7 family members may regulate the
levels of c-Myc and play a key role in the balance between
the differentiation and proliferation of leukemia cells (76).
Recently, it has been found that the level of Let-7c in
PML/RARa-positive cells in patients with APL is lower than
that of normal promyelocytic granulocytes, and that the reduced
level of Let-7c promotes the granulocyte differentiation of
AML cell lines and primitive cells (77). The level of Let-7c is
directly affected by chemotherapy or other treatments, and its

level increases in leukemia cells following chemotherapy and
decreases again after recurrence (78). Therefore, monitoring
Let-7 levels can be used to predict drug response or recurrence
in the treatment of APL. As for the diagnostic value of changes
in Let-7 levels in the blood and urine, this aspect remains to be
comprehensively assessed. Let-7c can be used as a regulatory
factor to mediate the development of APL, play an important
role in the initiation and progression of the disease and also
be used as an important target its treatment (57). Furthermore,
it was shown that downregulation of Let-7a-5p significantly
increased the rate of apoptosis or necrosis of HL60 cells (79).
Blockade of Let-7a-5p decreases the cellular viability of HL60
cell lines, partly due to induction of apoptosis through activa-
tion of caspase-3. Therefore, blockade of Let-7a-5p in APL and
negative regulation of caspase-3 to promote apoptosis in APL
cells may also be a novel therapeutic strategy.

7. Expression and roles of Let-7 in other types of leukemia
In addition to the effects of the Let-7 miRNA family in the

aforementioned types of leukemia, the family is differen-
tially expressed in monocytes, lymphocytes, neutrophils and
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reticulocytes in the adult blood. It is worth noting that Let-7a
and Let-7b are primarily expressed in all peripheral blood
cells (80). The Let-7 family has also been observed in adult
T-cell leukemia (81), and the latest research has found that
Let-7c inhibits cell proliferation, migration and invasion,
and induces the G, arrest and apoptosis of LIHC cells (82).
However, current research has not yet found the role of Let-7
family in CLL and other types of leukemia. As some cyto-
kines have been reported to affect the proliferation of CLL
cells in vivo, such as nuclear RNAs, they can be used as
epigenetic regulators and targets (83); therefore, the alterations
to the cytokine balance by miRNA Let-7 may regulate cell
proliferation and apoptosis (84). The changes in the levels of
various Let-7 members in the different types of leukemia and
their effects are summarized in Fig 2. With an ever-growing
understanding of the biological role of miRNAs in the patho-
genesis of hematological malignancies, it is hypothesized that
other regulatory factors will also be discovered and used to
treat leukemia.

8. Application of Let-7 in the treatment of leukemia

As aforementioned, there is increasing evidence that the Let-7
family members are not only involved in the occurrence and
development of leukemia, but are also related to its prognosis,
and exhibit attractive potential in the treatment, diagnosis
and prognostic of leukemia (Fig. 3). The present review
focuses on the roles of the Let-7 members in the treatment
of leukemia, highlighting them as an alternative treatment
approach. Recent advances in genetic engineering have
allowed for the generation of miRNA mimics, or artificial
structures of RNA double strands that are identical to mature
miRNA sequences. miRNA mimics have been designed to
possess endogenous miRNA functions, allowing them to
function as tumor suppressors/promoters (85). Certain types
of miRNA mimic have been used in medicine as therapeutic
agents loaded on the surface of targeted drugs, which
provide an important option for Let-7 as a novel target for
therapy or to induce the reversal of drug resistance. Different
members of the Let-7 family play important regulatory roles
in various types of leukemia, and modulation of these can be
translated into therapeutic strategies for leukemia. However,
miRNAs, including Let-7, act not only in cancer cells, but
also in normal cells (86). Therefore, systemic mimicry of
miRNA administration may cause unexpected side effects
and there are still several problems to overcome for safe
clinical application (27). When considering the therapeutic
potential of Let-7, the influence of Let-7 changes on the
immune system in vivo should also be considered, such as
the influence of some transcriptional regulatory factors of
miRNA, miRNA processing enzymes and factors related
to target gene therapy on the intercellular communication
pathways (87). Combined with the aforementioned factors, a
safe treatment strategy that incorporates miRNA Let-7 may
be developed. In order to develop efficient and safe treatment
methods exploiting miRNA Let-7, a suitable drug delivery
system is also one of the key points that requires attention.
For example, the heterogeneous delivery system of nanopar-
ticle miRNAs has been widely studied, including in vivo and
in clinical trials (88). Furthermore, as the Let-7 members are

closely associated with the immune system, the effects on the
immune function of patients treated with Let-7 target therapy
should also be evaluated.

9. Conclusions

There is growing evidence indicating that the Let-7 members
are aberrantly expressed in various types of leukemias, and
that they can serve as markers for diagnosis, progression,
therapeutic response and clinical outcome (Table I). A compre-
hensive understanding of the complete regulatory network
of oncogenic events and downstream signaling pathways by
Let-7 will not only assist in the understanding of their role in
AML development and progression, but also provide a basis
for the corresponding therapeutic strategies. Recent research
advances have provided more details on how the deregulation
of Let-7 leads to leukemogenesis and progression. However,
additional in vivo and in vitro models, as well as clinical
studies, are required to further investigate a safe and effec-
tive therapeutic regimen for leukemia treatment. Thus, the
Let-7 family members are very attractive biomarkers and/or
therapeutic targets for the management of leukemia; however,
several difficult challenges remain to be solved before they can
be recommended for clinical application.
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