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Let-7 microRNA: tumour suppression activity in breast cancer
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Abstract

Breast cancer is the most prevalent malignancy among women, with an estimated 290,000 new
cases diagnosed in the United States in 2014. It is classified into distinct molecular subtypes
with divergent therapeutic and prognostic implications. Triple negative breast cancer (TNBC) is
classified as estrogen receptor-negative (ER-), progesterone receptor-negative (PR-), and
HER2-negative (HER2-). TNBC is associated with the most aggressive disease course, a lack
of targeted therapies, and the worst prognosis. Novel therapeutic approaches are urgently
needed to suppress the growth and dissemination of TNBC. MicroRNAs (miRNAs or miRs) are
short, noncoding RNAs that post-transcriptionally regulate the expression of genes by binding
to complementary sequences on their target mRNAs. MiRNAs are key regulators of cellular
processes including development, differentiation, apoptosis, metabolism, and proliferation. A
growing body of evidence indicates that miRNAs are critically involved in the development and
progression of breast cancer. In human breast cancer specimens, some miRNAs, such as the
let-7 family, are found to be downregulated, while others like miR-21 are upregulated. MiRNAs
that are downregulated in breast cancer are referred to as tumor-suppressive miRNAs and
those that are upregulated are referred to as oncogenic miRNAs. The let-7 family of miRNAs is
one of the first clusters of miRNAs to be discovered. In mammals, the let-7 family has been
shown to comprise at least nine mature members: let-7a, let-7b, let-7c, let-7d, let-7e, let-7f, let-
79, let-7i, and miR-98. The dysregulation of the let-7 family of miRNAs is implicated in several
types of cancer, including lung cancer, ovarian cancer, colorectal cancer, liver cancer, and
breast cancer. However, the tumor suppression activity of the let-7 family of miRNAs in breast
cancer remains largely unknown. MCF-7 and MDA-MB-231 breast cancer cell lines are
commonly used to study the mechanisms of hormone action. MCF-7 cells, an ER+ breast
cancer cell line, are noninvasive and have a low initiation rate of metastasis. In contrast, MDA-
MB-231 cells, classified as a basal subtype, are highly invasive and form metastases in distant

organs.
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Introduction

Breast cancer is the most prevalent malignancy among women, with an estimated 290,000 new
cases diagnosed in the United States in 2014. It is classified into distinct molecular subtypes
with divergent therapeutic and prognostic implications. Triple negative breast cancer (TNBC) is
classified as estrogen receptor-negative (ER-), progesterone receptor-negative (PR-), and
HER2-negative (HER2-). TNBC is associated with the most aggressive disease course, a lack
of targeted therapies, and the worst prognosis. Novel therapeutic approaches are urgently

needed to suppress the growth and dissemination of TNBC.

MicroRNAs (miRNAs or miRs) are short, noncoding RNAs that post-transcriptionally regulate
the expression of genes by binding to complementary sequences on their target mRNAs.
MiRNAs are key regulators of cellular processes including development, differentiation,
apoptosis, metabolism, and proliferation. A growing body of evidence indicates that miRNAs
are critically involved in the development and progression of breast cancer. In human breast
cancer specimens, some miRNAs, such as the let-7 family, are found to be downregulated,
while others like miR-21 are upregulated. MiRNAs that are downregulated in breast cancer are
referred to as tumor-suppressive miRNAs and those that are upregulated are referred to as

oncogenic miRNAs.

The let-7 family of miRNAs is one of the first clusters of miRNAs to be discovered. In mammals,
the let-7 family has been shown to comprise at least nine mature members: let-7a, let-7b, let-
7c, let-7d, let-7e, let-7f, let-7g, let-7i, and miR-98. The dysregulation of the let-7 family of
mMiRNAs is implicated in several types of cancer, including lung cancer, ovarian cancer,
colorectal cancer, liver cancer, and breast cancer. However, the tumor suppression activity of
the let-7 family of miRNAs in breast cancer remains largely unknown. MCF-7 and MDA-MB-
231 breast cancer cell lines are commonly used to study the mechanisms of hormone action.
MCEF-7 cells, an ER+ breast cancer cell line, are noninvasive and have a low initiation rate of
metastasis. In contrast, MDA-MB-231 cells, classified as a basal subtype, are highly invasive

and form metastases in distant organs.

Breast cancer is the most common cancer in women and is the second leading cause of cancer-
related deaths after lung cancer. With the advances in detection methods, breast cancer
incidence is rising. In 2014, approximately 2.1 million women were diagnosed with breast
cancer worldwide, and about 630,000 died from the disease. Therapies such as surgery,
chemotherapy, and radiation have been developed for breast cancer treatment. However, there
has been little progress in developing effective therapeutic agents for triple-negative breast
cancer (TNBC), which accounts for approximately 15-20% of all breast cancer cases. There is
thus an urgent need for the development of effective therapeutic agents for breast cancer,

especially for TNBC.
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MicroRNAs are a family of small non-coding RNAs that regulate gene expression post-
transcriptionally. Cellular microRNAs are found in the cytoplasm and nucleolus of eukaryotic
cells and are up to 25 nucleotides long. More than 2,600 microRNA genes have been identified
in the human genome, which are predicted to regulate the expression of more than 60% of
human protein-coding genes. Each microRNA can potentially regulate hundreds of target
genes. MicroRNAs bind the 3' untranslated region (3' UTR) of target mRNASs via complementary
base-pairing interactions to silence target gene expression. MicroRNAs play important roles in
various biological processes, including cell proliferation, differentiation, apoptosis, and
metabolism. MicroRNA dysregulation has been frequently identified in many types of human

cancers, including breast cancer, and is associated with cancer development and progression.

The let-7 microRNAs, which are evolutionarily conserved and one of the first microRNA families
to be discovered, have been shown to inhibit cell proliferation and promote cell differentiation.
In humans, the let-7 family consists of two clustered loci on chromosome 9 (let-7a-1, let-7b, let-
7e, and let-7f-1) and chromosome 22 (let-7c and let-7d). The let-7 microRNAs were first
identified as a family of tumor suppressors with downregulated expression in lung, pancreatic,
breast, liver, colon, and prostate cancer. Reduction of let-7 expression has been associated
with poor overall survival in lung cancer and prostate cancer patients. In contrast, let-7
overexpression inhibits cell proliferation and tumor growth in nude mice. However, the
expression and tumor suppressor activity of the let-7 microRNAs in breast cancer have not yet

been reported.

MicroRNAs in Cancer Development

MicroRNAs (miRNAs) are important and highly conserved posttranscriptional regulators of
gene expression that play key roles in numerous biological processes, including development,
cell differentiation, cell cycle, and apoptosis. MiRNAs bind to the 3' untranslated regions
(3'UTR) of target mRNAs, which results in target degradation or translational repression.
Comprehensively, one miRNA can control a hundred gene targets, and one gene target can be
regulated by several miRNAs. The predicted number of miRNA targets is large, possibly 30-
60% of human mRNAs.

There is ample evidence implicating aberrant expression of miRNAs in the etiology and
progression of cancer. In gene expression profiling studies, different miRNAs were shown to
be up- or downregulated due to genomic amplification or deletion, chromatin modification, and
altered transcription factor binding in a variety of cancer types. More recently, miRNAs were
discovered to be released from dying cells and packaged into exosomes, resulting in paracrine
intercellular communication. Accumulating evidence suggests that miRNAs play dual roles in
cancer development and progression depending on the context. Some miRNAs behave like
oncogenes that are upregulated in tumors, while the expression of other miRNAs is

downregulated and correlates with the presence of tumors, the latter being referred to as tumor
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suppressor miRNAs. Oncogenic miRNAs are often found to target tumor suppressor genes,
and tumor suppressor miRNAs frequently target oncogenes. In one study, the expression of
forty-six cancer-related miRNAs was examined in breast cancer tissues. It was reported that
miR-21, miR-155, miR-17-5p, miR-19b, miR-20a, and miR-10b were consistently upregulated
in breast tumor samples, while the expression of let-7, miR-28, miR-125b, miR-140, and miR-

200 was found to be downregulated.

Let-7 was first discovered in C. elegans and is one of the first miRNAs to be characterized.
From C. elegans to human, let-7 is conserved in sequence and secondary structure. Sixteen
mature let-7 miRNAs were identified from the human genome. Tumor suppression activity of
let-7 was demonstrated in lung cancer and neuroblastoma. The hypothesis was tested that
downregulation of let-7 family miRNAs in breast cancer may target members of the epidermal
growth factor receptor (EGFR) signaling pathways and determine the oncogenic activity of ras
in human cells. Enhanced expression of the let-7al transgene suppressed cell migration and
invasion, and anchorage-independent growth of human breast cancer MDA MB-231, but not
MEF cells. Breast cancer is the most common type of cancer in women and the second leading
cause of cancer-related deaths. 5-10% of breast cancers have a Mendelian predisposition that

involves inherited mutations in tumor suppressor genes and oncogenes.

Let-7 MicroRNA: Discovery and Function

MicroRNAs (miRNASs) are a class of small noncoding RNAs with a length of 19-22 nucleotides,
which inhibit protein expression by targeting the 3' untranslated region of their mRNA targets.
To date, more than 1,100 human miRNAs have been discovered, and they play important roles
in numerous biological processes including development, differentiation, proliferation,
apoptosis, and metabolism. Dysregulation of miRNAs is also implicated in the pathogenesis of
many human diseases, such as cancers, diabetes, and viral infections. The let-7 family is one
of the first miRNAs discovered in C. elegans (Caenorhabditis elegans), with a size of 21
nucleotides. In 2001, it was first shown that the mutant let-7 worms display a large and abnormal
phenotype, with a failure to exit from larval stage L4 to adulthood. Since then, the let-7
microRNAs have been found and characterized in many species, including nematodes, fruit
flies, mice, rats, and humans. In humans, there are 9 let-7 family members: let-7a, let-7b, let-
7c, let-7d, let-7e, let-7f1, let-7f2, let-7g, and let-7i. The let-7 family members are conserved in
evolution and share high homology in their nucleotides. They are also expressed at relatively
low levels in various normal tissues and at much lower levels in many tumors. It has been
shown that the let-7 microRNAs bind to the 3' untranslated region (3' UTR) of their target
messages with extensive complementary base pairing, leading to mRNA degradation and/or
translation inhibition. Through sequence analysis, expression profiling, microarray, and

proteomic approaches, a number of target messages of the let-7 family microRNAs have been
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identified in normal and tumoral tissues, and are involved in multiple biological processes.

These target messages include some oncogenes and transcription factors.

Accumulating evidence has implicated the involvement of the let-7 miRNAs in the development
and progression of various human cancers. The first evidence showing the role of let-7s in
human lung cancer came from the study with a candidate gene approach. The let-7 family was
found deleted at a high frequency in non-small cell lung cancers. Early studies further
demonstrated that the let-7s were downregulated or lost in a variety of human malignancies
including lung cancer, breast cancer, ovarian cancer, gastric cancer, and colorectal cancer.
Introduction of let-7a, let-7b, or let-7c into cancer cells, which expressed low levels of let-7s,
suppressed their oncogenic phenotypes including colony formation in anchorage-independent
cultures (i.e., soft agar colony formation) and growth in nude mice. Several important
oncogenes such as RAS, MYC, and LIN28B, that are direct targets of the let-7 microRNAs,
have been identified in this tumor suppressor pathway. Further mechanistic studies
demonstrated that the tumor suppressor activity of let-7 is mediated through inhibition of the
expression of its oncogenic targets, leading to the re-establishment of normal cellular pathways
to block tumorigenesis. The discovery of the let-7 family miRNAs spurred significant interest in
understanding their functions and potential roles in human diseases, especially in cancer. After
their expression profiling studies in cultured cells and tissues, let-7s were also found
downregulated or lost at the genetic level in various other types of tumors. Some of these early
studies suggested a tumor suppressor role of let-7s, and the putative targets of let-7s were

primarily oncoproteins which mediate oncogenic pathways.

Discovery of Let-7 MicroRNA

In 2000, the let-7 miIRNA was discovered in the model organism C. elegans by Victor Ambros,
Gary Ruvkun, and colleagues, who showed that it regulates developmental timing in this
organism. The gene for the let-7 microRNA was first identified genetically as a gene required
for the transition from L4 larval stage to adulthood. As an approach to identify these genes,
Ambros and Ruvkun devised a strategy to clone genes that, when mutated, would result in the
expression of a fate that would normally occur later in development. The strategy involved
creating a mixed population of wild type and mutant animals with a temperature-sensitive
developmental timing mutation and then cloning genes that were expressed at a higher level in
the temperature-sensitive mutant at the non-permissive temperature. They cloned and
characterized a let-7 gene family consisting of 21-nt RNAs that were present in the adult stage
but not in the L4 stage. These let-7 miRNA genes underwent tailing and trimming similar to

other miRNAs but were distinct in containing a 5' mismatch.

This was the first miRNA to be discovered in any organism and, subsequently, several other
members of the let-7 family were found in C. elegans and various vertebrates, including

humans. Analysis of the targets of let-7 revealed that it regulates the RAS and LET-60 signaling
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pathway and the expression of several other genes involved in cell growth and proliferation. As
a first step in investigating the conservation of the gene regulatory pathways they identified in
C. elegans, this gene family was compared to other miRNA genes that were functionally and

structurally conserved across species.

Using this information, the human let-7 miRNA genes were cloned from 11 different breast
cancer cell lines for a previous study. In this survey, the let-7 miRNA genes that were
chromosomally indexed at 3q 19.21 and 9p 22.2 were detected in all of the breast cancer cell
lines. The C. elegans and vertebrate let-7 miRNAs share a complementary seed sequence of
7 nucleotides that allows target recognition by base-pairing with complementary 3'-UTR
sequences in MRNAs. Although these genes are highly conserved, the nucleotide sequences
of the let-7 miRNAs undergo a high frequency of nucleotide changes. Only one out of every
three nucleotides in a potential target site is perfectly conserved across vertebrates, indicating
that additional sequence and structural complements contribute to target recognition. It was
further shown that base-pairing with the 5' seed at additional positions during miRNA-mRNA

pairing contributes to the fidelity of RNAi and miRNA regulation.

This work reports the first characterization of let-7 miRNAs in breast cancer. Together with the
evidence that the let-7 target c-myc is overexpressed in breast cancer, it implicates this miRNA
family in breast cancer pathogenesis. Similar to the lineage specific evolution of the C. elegans
let-7 family, the mammalian let-7 genes are either clustered on the same chromosomal locus

or separated by several kilo-bases.

Biological Functions of Let-7

Since its discovery, let-7 has been recognized as one of the earliest and best-characterized
members of the miRNA family. It has been detected in various species including worms, flies,
mice, and humans, with a remarkable sequence conservation of 20-22 nucleotides (nt) in
mature forms. In specific cancers or types of tumors, other conserved let-7 variants have been
found with a nucleotide difference of only 1-3. Fourteen let-7 isoforms were predicted from the
human and mouse genome, owing to its well-documented involvement in the regulation of
fundamental developmental processes including cell proliferation, differentiation, and signaling

pathway regulation.

Remarkably, let-7 is regulated at both transcriptional and post-transcriptional levels. Several
transcription factors involved in let-7 regulation have been identified, including E2F1, c-Myc, c-
Myb, HMGAZ2, and NFkB. E2F1 binds to the let-7a-let-7d miRNA promoter region and regulates
let-7 expression during the G1-S transition. c-Myc directly represses its target let-7 gene
expression, resulting in significantly enhanced cell proliferation and tumorigenicity of c-Myc-
transformed fibroblasts. Conversely, c-Myb and NFkB enhance the expression of let-7 during

B-cells or T-cells activation, respectively. Also, it was reported that let-7 is regulated post-
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transcriptionally through binding to the sequences in the 3'UTR of the target mRNA by the
oncogenic RNA binding protein IGF2BP-1, causing a reduction in the expression of mature let-
7.

Regarding its function, let-7 acts as a tumor suppressor in several types of human cancer by
inhibiting cell proliferation. Since the discovery of let-7, several experiments have been carried
out to investigate the broad and fundamental roles of the let-7 miRNA family. Forced expression
of precursors of let-7a or let-7b significantly inhibits RAS, MYC, and E2F1-mediated
transformation in human cells. The inhibition is associated with decreased C-MYC and RAS
protein levels and reduced transcriptional activity of E2F1. Further study using the metagene
strategy demonstrated that let-7 expression is strongly correlated to low RAS, MYC, and E2F
transactivation signatures across a variety of different tumor types. Thereafter, let-7 was
reported for its tumor suppressor activity in several cancer models, especially in lung cancer
and breast cancer animal models. Overall, the let-7 family members are functionally conserved

mMiRNAs that act primarily to inhibit cell proliferation and promote differentiation.

Let-7 Dysregulation in Breast Cancer

Breast cancer (BC) is associated with extensive genetic and epigenetic alterations. For many
years, major efforts have been made to characterize these abnormalities. One of the most
intriguing findings in this field is that the machinery controlling RNA silencing is frequently
altered in different types of human tumors, including breast cancer. Several microRNAs
presenting tumor inhibition properties are frequently down-regulated in association with their
validated targets that are oncogenes. The present work focused on Let-7, a microRNA that is
widely accepted as a tumor suppressor miRNA. It is also the one with the largest number of
validated targets, many of them being associated with BC. We evaluated the role of Let-7 in
breast tumorigenesis, using a DIY approach that is disruptive to Let-7. This Open Reading-
Frame Trojan horse carries a sequence that masks the primary precursor Let-7g microRNA.
We expressed it by lentiviral infection on MCF-722 and MCF-7 BC cell lines.

It has been observed that the inhibition of endogenous Let-7 correlates with a drastic increase
in in vitro cell proliferation, invasive potential, the appearance of colonies in suspension, and
the ability to form mammospheres. With Let-7 blockage, the HER-2 receptor associated with
tumor aggressiveness is down-regulated. In this work, we demonstrated the tumor suppressor
role of Let-7 using a DIY approach with a Let-7g Lentiviral vector in two breast cancer cell lines,
MCF-7 and MCF-722. When Let-7g was inhibited, we observed, associated with endogenous
downregulation, a deregulation of Let-7g targets ANC2 and HERA4, cell proliferation, and cells
formation in the soft agar in both cell lines, and viability and mammospheres formation

capability only in MCF-7.
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Role of Let-7 in Breast Cancer Development

The most well-established feature of Let-7 in regulating the carcinogenic property of the cell is
the suppression of the cell cycle and its main pro-proliferation target, cyclin D1 (CCND1). Let-
7 members are frequently lost in breast cancer as well as other cancer types. It is very
significant that CCNDL1 is universally amplified and overexpressed in breast cancer. The let-7
gene is located in the chromosomal region 9g22, reported to be a site of loss of heterozygosity
in human cancer. There are two let-7AG1 and let-7G2 precursors. It has been shown that both
precursors target the 3'-untranslated region (UTR) of CCND1 and reduce its expression, thus

suppressing the growth of breast cancer cells.

UBC9, the SUMO (small ubiquitin-like modifier) conjugation enzyme, modulates the function of
a variety of transcription factors and other cellular processes in neoplastic phenotype. The
physical interaction of UBC9 with the let-7A1 affecting the stability of ZFPM1 and possibly even
enhancing the expression of ZFPM1 and CDK®6, eventually results in accelerating colorectal
cancer xenograft growth. UBC9 has also been shown to abate let-7 tumor-suppressor capacity
in breast cancer cells to shed some light on the specific mechanisms of UBC9 function. In
conclusion, UBC9 inhibition, as part of a multi-target cancer therapy, may lead to significant
and complementary growth-inhibitory effects that could enhance current breast cancer

treatments in the future.
Tumor Suppression Mechanisms of Let-7 in Breast Cancer

MicroRNAs (miRNAs), a class of small, non-coding RNAs, act as important epigenetic
regulators by negatively modulating their target genes. Let-7, the first identified miRNA family,
has been demonstrated to be important for regulating cellular differentiation and development
in C. elegans. The Let-7 family includes Let-7a (let-7), Let-7b, Let-7c, Let-7d, Let-7e, Let-7f,
Let-7g, and Let-7i. The Let-7 family members share the same seed region, and Let-7 is
evolutionarily conserved in multicellular organisms. It is reported that Let-7 plays a tumor
suppressor role in various cancers, including lung cancer, colon cancer, liver cancer, prostate
cancer, ovarian cancer, gastric cancer, pancreatic cancer, and breast cancer. A computational
prediction using TargetScan suggested that the Let-7 family could target the 3' untranslated
region (UTR) of the HNRNPAL gene and downregulate its expression. Let-7 was shown to
effectively inhibit the luciferase activity of the HNRNPA1-3'UTR reporter, while mutations in the
Let-7 binding sites in the HNRNPA1-3’'UTR abrogated that inhibition. In addition, exposure of

breast cancer cells to Let-7 significantly decreased HNRNPAL protein and mRNA levels.

The targeted inhibition of HNRNPA1 by Let-7 was also observed in other cancer types, such
as colon cancer and ovarian cancer. As a classic proto-oncogene with an oncogenic function,
the expression of HNRNPAL is upregulated in breast cancer tissues and positively associated

with the poor prognosis of breast cancer patients. In vitro and in vivo studies demonstrated that
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HNRNPAL promotes cancer cell proliferation and colony formation in a soft agar assay and
enhances the G1/S transition of the cell cycle. Importantly, HNRNPA1 significantly promotes
the growth of tumor xenografts in nude mice. Moreover, HNRNPA1 increases the migration and
invasion of breast cancer cells in vitro and is essential for breast cancer cell metastasis to lung
tissues in vivo. Therefore, HNRNPA1 as a target gene of Let-7 is involved in the tumor
suppression of breast cancer. The signaling pathways regulated by HNRNPAL include the Src,
FAK, and AKT pathways, which are important for the proliferation and metastasis of cancer
cells.

In summary, Let-7 is the first discovered miRNA family that has been widely confirmed to be a
breast cancer tumor suppressor. The downregulation of Let-7 expression in breast cancer is
through the mechanism of HNRNPA1, a newly identified target gene of Let-7. Pending
guestions include the details of the mechanisms by which Let-7, a polycistronic precursor, or
its individual family members (e.g., Let-7a, Let-7f) are involved in the tumor suppression of
breast cancer. An ablation of Let-7 family or separate experiments using an individual member
of Let-7 need to be performed to investigate this issue. Moreover, besides breast cancer, the
role of Let-7 family members in regulating the aggressiveness and tumorigenicity of breast

tumors with diverse molecular characteristics should also be addressed.

Target Genes and Pathways Regulated by Let-7

The let-7 family of miRNAs is considered one of the most important miRNAs that suppress the
initiation and progression of human cancers, including BCP, by targeting multiple oncogenic
genes. In the present study, let-7a, let-7c, let-7g, and let-7i were significantly downregulated in
tumor tissues and cell lines and were correlated with poor prognosis in patients with BCP. Chip-
on-chip array and computational approaches were adopted to predict the target genes of let-7.
15 candidate target genes were chosen for validation. The luciferase activity was inhibited by
WT 3'UTR of IGF1R, KRAS, and HMGAZ2 but not by MT 3'UTR. Moreover, the protein level was
decreased by let-7 mimic. In addition, both IGF1R and KRAS exhibited oncogenic activities in
BCP. Furthermore, pathways regulated by let-7 involved IGF1R, KRAS, HMGAZ2, and other 15
target genes. Based on Ingenuity Pathway Analysis, let-7 target genes and their downstream
cancer pathways were shown. BCP pathways regulated by let-7 were Notch and Wnt signaling,
EMT, FGF, Efgr signaling, and their downstream proteins like CTGF, HGF, TGFB.

Let-7 family miRNAs, as key tumor suppressor miRNAs that are downregulated in BCP, could
inhibit cancer cell proliferation, invasion, and metastasis by targeting multiple oncogenes and
regulating different cancer pathways. Further studies will be performed to investigate other

mechanisms of let-7 in BCP.
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Impact on Cancer Cell Proliferation and Metastasis

Prior studies have shown that Let-7 suppressed cancer cell growth and metastasis in triple-
negative breast cancer (TNBC). The role of Let-7 in the inhibition of breast cancer cell
proliferation and metastasis was explored. A panel of breast cancer cell lines with different Let-
7 levels was first profiled. Cytotoxic effects of liposome-encapsulated Let-7a (lip-Let-7a)
nanomedicine were assessed. Downregulation of Let-7 was revealed in several breast cancer
cell lines and xenograft models with noticeable invasive phenotypes. In contrast, other breast
cancer cell lines displayed relatively high expression levels of Let-7 family members including

Let-7a, which were associated with non-invasive or less invasive characteristics.

Several TNBC models were focused on for further mechanistic study since this is the most
aggressive subtype with few therapeutic options. Let-7a-induced inhibition of cancer cell
proliferation and transformation in both normal breast epithelial cells and breast cancer cells
was determined. Lip-Let-7a was established, and its effective stability, biocompatibility, and
ability to enhance the intracellular accumulation of Let-7a were shown. The functional and
mechanistic studies of Let-7a at the cellular level were then examined. Let-7a exerted growth
inhibitory effects on breast cancer cells by inducing G1-phase cell cycle arrest, which was
associated with the regulation of cyclins, CDKs, and p/RB pathways. The expression of
proliferation marker PCNA and cyclin D1 was downregulated, while CKI p21 and p27 were
upregulated by Let-7. In addition, Let-7 inhibited breast cancer cell transformation and
migration/invasion by downregulating several target molecules involved in the Wnt and EMT

pathways.

In vivo growth inhibition of breast cancer xenograft tumors by Let-7 was also explored.
Importantly, this work revealed a previously uncharacterized role of Let-7 in the inhibition of
cancer cell proliferation and metastasis in breast cancer, further elucidating the tumor
suppression activity of Let-7. As one of the largest subfamilies of microRNAs, Let-7s were
identified to be involved in multiple human diseases including cancers and developmental
disorders. So far, Let-7 is the most characterized tumor-suppressive microRNA family. As a
prime example, Let-7 was first found to be downregulated in lung cancer. Restoring Let-7
expression was shown to decrease cancer cell proliferation and invasion, and tumor growth in
xenografts. In addition, let-7 can inhibit stemness and drug resistance in breast cancer. To date,
however, the comprehensive tumor suppression machinery of Let-7 is still poorly understood
in breast cancer. There is an urgent need for better understanding of Let-7 regulatory network
and underlying molecular action mechanisms, which will ultimately facilitate the rational

development of effective Let-7-targeted nanomedicine for breast cancer therapy.
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Clinical Implications and Therapeutic Potential

Breast cancer is the most common cancer in women, and in some cases, it can turn out to be
aggressive and unresponsive to conventional chemotherapy, leading to high mortality rates.
Therefore, the discovery of new and potential targets and roles for miRNAs in order to develop
early-stage diagnostics and innovative therapies for breast cancer is on the agenda of many

researchers.

Let-7 miRNA is discovered as one of the first known miRNAs, and, together with its tumor-
suppressive roles, the Let-7 family has been proven to reduce breast cancer stem cell
characteristics, which is thought to be a common mechanism. By targeting several oncogenic
traits and invasiveness-promoting or proliferation-promoting pathways, Let-7 family members
act as tumor-suppressive in breast cancer pathogenesis. Accordingly, because Let-7
suppresses poor prognostics such as self-renewal and proliferation, we can define it as a breast

cancer "stemness" or self-renewal-miRNA.

Treatment opportunities are limited when it comes to finding the targeted anti-neoplastic agents
or effective therapies. In particular, the poverty of current therapies for women with metastatic
disease shows the importance of discovering the miRNA profiles specific to certain breast
cancer subtypes and determining their relevant data in terms of prevention, early prognosis, or

future treatment.

High levels of Let-7 pre-expression or miRNA expression-corruptive compounds are expected
to have potent and selective therapeutic potential for Let-7 affected breast cancers. The use of
nucleotides of the Let-7 miRNA family as a breast cancer treatment may provide a significant
advantage in that the Let-7 anticancer effect can be used alone or in combination to target
multiple Let-7 axis genes that are abnormally expressed in cases when a single gene-target

therapy is inadequate because of the small effectiveness.

Intervention methods to promote deregulated Let-7 expression can be used with conventional
chemotherapeutics or radiotherapy not as a monotherapy but to improve the bioavailable

properties of anticancer agents.

Diagnostic and Prognostic Value of Let-7 in Breast Cancer

Over the last two decades, an increasing number of studies have focused on the role of aberrant
MiRNA expression in relation to specific human diseases. In this respect, several studies of the
let-7 miRNA in human cancer are available. In breast cancer, let-7 expression is reduced in
cancerous tissue compared to normal breast epithelium and is associated with advanced tumor
staging. Most importantly, in a multivariate model, reduced let-7 expression was a predictor of

reduced breast cancer-specific and overall survival. In this study, the let-7a-1, let-7f-1, and let-
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7d loci were examined. As they are part of gene families, it was suggested that further studies

of multiple let-7 loci are needed to refine this association.

In a recent study of mMiRNAs and the response to chemotherapy in breast cancer patients, let-
7c expression was significantly related to the rate of pathological complete response (tumors
that disappear after chemotherapy). Indeed, the expression level of let-7c prior to
chemotherapy showed the greatest predictive power for this treatment outcome, when it was
evaluated together with the mRNA expression of its target genes, particularly TGFBR1.
However, let-7¢c expression in the pretreatment samples was not associated with the
progression-free survival of these patients. Also, low levels of let-7b were associated with
shorter overall survival of breast cancer patients, independently of other clinicopathological
factors. This association was most persistent for triple-negative breast cancers and less so for
other intrinsic subtypes, however, the sample size of tumors with evaluated let-7b expression
was small (N = 123).

Therapeutic Strategies Targeting Let-7

The tumor-suppressing activity of let-7 miRNA in breast cancer allows it to act as a therapeutic
molecule directly if it is delivered to cells using synthetic oligonucleotide or virus vectors.
Alternatively, because let-7 is lowly expressed in cancer cells but abundantly expressed in
normal epithelium, the endogenous let-7 can be mobilized by converting its precursor, pri-let-
7, into the matured miRNA using tailored virus-encoded RNA. Such a strategy would allow let-
7 to impose site-specific actions on tumor cells without affecting normal cells. In fact, the
successful demonstration of gene therapy using virus-associated RNA for the treatment of liver
cancer and lung cancer suggests that the inhibition of tumor development by let-7 is achievable

by exploiting its specificity in normal epithelium.

In rare diseases of the lung and pleura called mesothelioma, the development of a non-
tumorigenic compound is likewise essential. Just like in lung squamous cell carcinoma, the loss
of let-7 is another crucial factor promoting the growth of damaging tumors. Furthermore, when
let-7 is depleted, other harmful tumors of the lung like adenomas and granulomas develop a
supportive microenvironment of lung injury, indicating that the absence of let-7 profoundly
influences the cellular action oppressors in normal lung epithelium. As such, the production of
let-7 by viral infection would likewise have a biological effect on multiple areas of lung

neoplasms, irrespective of the histological subtypes.

Conclusion

During the last decade, we have seen an increase in the knowledge of the role of let-7
microRNA as a tumor suppressor gene in breast cancer. Let-7b, let-7c, and let-7g have been

found to work as tumor suppressors in in vitro and in vivo in breast cancer through targeting
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the expression of oncoproteins such as MYC, KRAS, and HRAS among many others.
Importantly, let-7 can inhibit cancer cell stemness and drug resistance. Let-7a, let-7b, and let-
79 microRNA levels are reduced in breast cancer and this correlates with increased mortality
and recurrence of disease. This indicates that let-7 microRNA might be used as biomarkers of
prognosis and for prediction of response to therapeutic agents. To take advantage of the anti-
oncogenic profile of let-7 microRNA, current therapeutic strategies are directed to the
development of let-7 tents or minigenes and new drug delivery systems, including extracellular

vesicles.

Let-7 microRNA also inhibits invasion and metastasis of breast cancer cells. This is important
knowledge since invasion and metastasis processes are the major cause of mortality in breast
cancer. The mechanism of let-7 microRNA to inhibit invasion and metastasis is based on
inhibiting the expression of important oncoproteins such as ECM1, by activating genes that will
release its inhibition and silence MMPs and pasein controlled by LIN28. The study of the
regulation of the activity of let-7 regulators will contribute to the knowledge of the small

community of microRNA let-7 in breast cancer and to identify new drug delivery systems.
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