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Mechanistic role of let-7c in breast cancer cell activity
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Abstract

Let-7 and its family members are highly conserved across species in sequence and
function. They form an important class of regulators that participate in diverse
biological functions including development, cell proliferation, differentiation, and
apoptosisand, misregulation of let-7 leads to a less differentiated cellular state and the
development of cell-based cancer. A growing body of evidence suggests that restoration
of let-7 expression may be a useful therapeutic option in cancers, where its expression
has been lost. Using breast cancer as a model, we have determined that breast cancer
cells express high levels of the miRNA let-7, suggesting that let-7 is a marker for

cancers.
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Introduction

Breast cancer is the leading cause of cancer death among women, accounting for 23%
of the total cancer cases. The major treatment challenge remains at the level of defining
the specific types and associated biology behind the disease [1]. MicroRNASs (miRNAS)
are endogenous small non-coding RNAs that can interfere with protein expression
either by inducing cleavage of their specific target mMRNASs or by inhibiting their
translation. Mature miRNAs are evolutionarily conserved ~22nt single stranded RNAs

resulting from a multistep processing of larger precursor molecules via Drosha and
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Dicer. Eventually the mature miRNAs are incorporated into the RISC complex along
with their target MRNAS which are recognized by sequence complementarity in the 3’-
UTR [2].

Accordingly, several miRNAs have been functionally classified as proto-oncogenes
or tumor suppressors and are aberrantly expressed in different cancer types.
Deregulation (e.g., overexpression or loss of expression) of these so-called “cancerous”
miRNAs can figure prominently in tumor initiation and progression by elaborating an
inappropriate cellular program promoting uncontrolled proliferation, favoring survival,
inhibiting differentiation, and/or promoting invasive behavior. These features would
certainly promote tumor dissemination and persistence by favoring metastasis and
therapy resistance [3].

The Let-7 microRNA precursor was identified from a study of developmental timing
in C. Elegans [4], and was later shown to be part of a much larger class of non-coding
RNAs termed microRNAs [5]. Let-7 miRNAs have now been predicted or
experimentally confirmed in a wide range of species. Let-7 encodes an evolutionarily
conserved family of 13 homologous miRNAs located in genomic locations frequently
deleted in human cancers [6]. The lethal-7 (let-7) gene was first discovered in the
nematode as a key developmental regulator and became one of the first two known
microRNAs (the other one is lin-4) [7].

Soon, let-7 was found in fruit fly, and identified as the first known human miRNA
by a BLAST (basic local alignment search tool) research. Numerous reports have
shown that the expression levels of let-7 are frequently low and the chromosomal
clusters of let-7 are often deleted in many cancers [8]. Let-7 is expressed at higher levels
in more differentiated tumors, which also have lower levels of activated oncogenes such
as RAS and HMGAZ2. Therefore, expression levels of let-7 could be prognostic markers
in several cancers associated with differentiation stages [9]. Let-7 is also a very
attractive potential therapeutic that can prevent tumorigenesis and angiogenesis,
typically in cancers that under-express let-7 [10].

Intranasal administration of let-7 has already be found effective in reducing tumor
growth in a transgenic mouse model of lung cancer [11] Similar restoration of let-7 was

also shown to inhibit cell proliferation colon and hepatic cancers, lymphoma,
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and uterine leiomyoma [12, 13]. In this study, we demonstrate that let-7, suppresses
breast cancer growth in vitro and in vivo. Overexpression of let-7 regulated breast tumor
growth and reconstitution of let-7 may have beneficial effects in breast cancer by

decreasing survival and proliferation of tumor cells.

Methods and Materials

Animals

4-6 week old male nude mice were maintained in the Animal Facility at Australian
National University [ANU]. All experimental procedures using animals were approved
by the Institutional Animal Care and Use Committee of ANU. 1-2x108 cells/flank were
injected s.c. into both flanks and tumors were allowed to grow. Once the tumors reached
0.5cm?, 1x107 IFU (infectious units) of lentiviruses containing either empty vector with
GFP or let-7c precursor were injected intratumorally. At the end of the experiments,

mice were sacrificed and tumors were excised.

Cell lines

Breast cell lines were obtained from American Type Culture Collection (SUMA44,
SUMb52, HMEC-derived 184A1, which was derived from normal mammary tissue).
The cell lines were grown using the recommended culture conditions and maintained
in RPMI1640 containing 10% FBS.

Antibodies and chemicals

Antibodies against Tubulin were purchased from Santa Cruz Biotechnologies (Santa
Cruz, CA). Lin28 antibodies were obtained from Abcam (San Francisco, CA). SYBR
Green iQ Supermix was from Bio-Rad. Lentivector-based let-7¢ construct was obtained
from System Biosciences and Lin28 ORF and shRNA constructs were obtained from
Open Biosystems.

Northern Blotting

20 pg each of total RNAs from SUM44, SUM52 cells were run on 15% Urea-PAGE
gels and transferred to nylon membranes. After UV cross linking, membranes were
hybridized to a probe recognizing the mature sequence of let-7c. U6 snRNA was used

as loading control.
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Reverse transcription (RT) and quantitative RT-PCR for miRNA analysis

Quantitative miRNA levels were determined using real-time RT-PCR with the Applied
Biosystems 7900 HT Sequence Detection System (Applied Biosystems), TagMan®
Gene Expression Assay (Applied Biosystems) for human let-7a (assay ID 000377), let-
7b (assay ID 002619), let-7c (assay ID 000379), let-7d (assay ID 002283), let-7e (assay
ID 002406), let-7f (assay ID 000382), let-7g (assay ID 002282), let-7i (assay ID
002221), and U6 snRNA (assay ID 001973) as an endogenous control. Ten ng of total
RNA were subjected to reverse transcription with TagMan® Universal PCR Master
Mix No AmpErase (Applied Biosystems) and the respective TagMan® reagents for
target genes. RT-PCR was carried out in a total volume of 20 ul reaction mixture
according to the manufacture's protocol. Amplification was carried out as follows: 95°C
for 10 min, 40 cycles of 95°C for 15 s and 60°C for 60 s. Samples were analyzed in
triplicate as biological replicate or quadruplicate as technical replicate. The miRNA
levels were defined from the cycle threshold (Ct), the comparative Ct method, and

normalization by the level of U6 sSnRNA in each sample.

RNA Isolation

For RNA isolation from culture medium, cells were seeded as described above. 48 h
after grown, culture medium was collected and centrifuged at 800xg for 5 min and
additional 2,000xg for 10 min. The supernatant was subjected to filtration on a 0.22 pm
pore polyethersulfone membrane filter (Corning), followed by concentration with a
5,000 Mw cut-off membrane (Centricon Plus-70, Millipore). The final volume of
supernatant was approximately 10-20 ml from the original volume of 250-500 ml. The
supernatant was mixed with equal volume of QIAzol Lysis Reagent (Qiagen) and
followed the procedure for RNA isolation described below. Total RNA using the

Precision Plus Protein Standards (Bio-Rad Laboratories).

Apoptosis assays using cell death detection ELISA
DNA fragmentation in SUM44, SUM52 and HMEC cells transfected with plasmids as
indicated in figures was assessed by the Cell death detection ELISA kit (Roche,

Indianapolis, IN) according to the manufacturer’s instructions.

Cell growth assays
SUM44, SUM52 and HMEC cells were transfected with plasmids expressing let-7¢ and

viable cell numbers were determined at 0, 24 and 48 h using a Coulter cell counter.
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Human breast tumor Specimens

Normal and malignant breast tissues were prepared as described previously [14].
Surgical specimens used in this study were total breastectomy specimens collected at
the Australian National University from 2006 to 2012. Cryosections (6um) were
prepared from each block before RNA extraction. The tumor content in the tumor
specimens was greater than 75%, whereas normal samples had at least 80% epithelium

content and no evidence of tumor present.

Statistical Analyses
Data are shown as means + SD. Multiple group comparison was performed by one-way
ANOVA followed by the Scheffe procedure for comparison of means. P<0.05 was considered

significant.
Results

Level of Let-7c expression in breast cancer cells

To determine the relative levels of expression of let-7c in breast cells, we isolated total
RNAs from cells. cDNAs were analyzed by quantitative RT-PCR using primers
amplifying the mature form of let-7c (Exiqon) specifically. Our results showed that let-
7c is expressed at high levels in normal breast tissue HMEC-derived 184A1 compared
to the breast cancer cells SUM44, SUM52 (Fig. 1A). These results were also confirmed
by northern blotting using a probe against the mature let-7c sequence (Fig. 1B),

suggesting that let-7c levels are reduced in metastatic breast tumor.

Breast cancer down-regulated Let-7c expression

To determine whether the levels of let-7c expression are down-regulated in clinical
breast cancer, we analyzed RNAs from normal and tumor breast specimens by
quantitative RT-PCR. RNAs were isolated from human tissues, reverse transcribed and
subjected to gRT-PCR using LNA-conjugated let-7c primers (Exiqon). The levels of
let-7c were significantly decreased in tumors compared to their matched normal breast
tissues and more decreased in metastatic breast tumor (Fig. 2). Collectively, these
results suggest that loss of let-7c expression may be associated with breast

tumorigenesis.
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Figure 2.

Let-7c expression is down-regulated in breast cancer.

Relative expression levels of let-7c were measured by qRT-PCR in total RNAs extracted from
normal breast (Ctrl), breast cancer (Bre ca) and breast metastasis (Bre Met) samples. Error
bars denote £ SD (*p < 0.05).

Let-7c decreases the growth of breast cancer cells in Vitro
To determine whether let-7c affects the growth of breast cancer SUM44, SUM52 cells

were transfected with plasmids encoding let-7c or empty vector and cell numbers were
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counted after 24h and 48h. Cell numbers of all breast cancer cell lines overexpressing
let-7c were reduced by ~40% at 48 h (Fig. 3A, B). Insets show the levels of expression
of let-7c plasmid in these cells. To determine whether the observed decrease in cell
growth was due to apoptotic cell death, DNA fragmentation was analyzed by Cell Death
Detection ELISA. As shown in Fig. 3C, apoptosis in cells overexpressing let-7¢ was
enhanced compared to the controls, suggesting that the inhibition in cell growth induced

by let-7c is partly due to increased apoptotic cell death.

Let-7c inhibits colony forming abilities of breast cancer cells

SUM44 and SUMS52 cells were transfected with let-7c or empty vector and colony
formation assays were performed. Both clonogenic (Fig. 4A) and soft agar colony (Fig.
4B) formation abilities of SUM44 and SUMS52 cells were suppressed by overexpression
of let-7c. The number of colonies formed on substrata by SUM44 and SUMb52cells
were reduced (Fig. 4A). Similarly, the number of colonies formed in soft agar by
SUM44 and SUMS52 cells were reduced (Fig. 4B) by overexpression of let-7c.
Furthermore, the size of colonies formed by control-transfected cells was larger
compared to the colonies formed by let-7c-transfected cells (Fig. 4C). These results
suggest that let-7c may inhibit breast cancer cell growth in anchorage-dependent as well

as —independent conditions.

Breast tumor inhibits by Let-7c in Xenografts

We generated lentiviruses encoding GFP-tagged let-7c precursor using the Lentivector
Expression System (System Biosciences) as describe previously [22]. To determine
whether let-7c¢ exhibits anti-proliferative effects on breast cancer xenografts in vivo, we
injected 2x10° SUM44 or SUM52 cells s.c. into both flanks of male nude mice and
monitored tumor development. Once tumors reached the size of 0.5 cm?, mice were
randomized into two groups. The experimental mice received a single intratumoral
injection of lentivirally encoded let-7c, while control mice received lentiviruses
expressing GFP. Tumor growth was monitored over 3 weeks, with tumor measurements
twice weekly. At the end of 3 weeks, tumors were excised, RNAs prepared and gRT-
PCR performed to assess levels of let-7c in the xenografts. The results showed that
tumor growth of SUM44, (Fig.5A) and SUM5 (Fig.5B) xenografts was inhibited
significantly in mice injected with let-7c-containing lentiviruses compared to mice

injected with control lentiviruses. These findings suggest that overexpression of let-7c
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suppresses breast cancer growth, and that reconstitution of let-7c¢ levels may present an

attractive therapeutic strategy against breast cancer.
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Figure 3.

Breast cancer cell growth inhibits by Let-7c in vitro

Breast cancer cells were transfected with let-7c or empty vector (Con) and cell numbers were
determined after 24 and 48 h. Growth of Breast cancer cells was suppressed by let-7c ( Fig. 3A,
B). SUM52 cells with down-regulated expression of let-7c exhibited faster growth in CS-FBS
compared to controls. Data points represent mean + SD of triplicate samples from two
independent experiments. Error bars denote £ SD (*p < 0.05).
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Figure 4

Let-7c inhibits colony forming abilities of human breast cancer cells

Clonogenic (A) and soft agar colony forming (B) abilities of SUM44 and SUMb52 cells
transfected with let-7c or empty vector (Con) were assayed. Let-7¢ inhibited cell growth and
survival in anchorage-dependent and —independent conditions. C). Data points represent mean
+ SD of triplicate samples from two independent experiments. Error bars denote £ SD (*p <
0.05).
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Figure 5.

Let-7c suppresses tumor growth of breast cancer in xenografts in vivo

SUM44 (A) and SUM52 (B) cells were injected into both flanks of nude mice and the tumors
received a single intratumoral injection of lentiviruses expressing either GFP (control) or let-
7c¢. Tumor growth was monitored twice weekly over 3 weeks. Data points represent mean = SD
of tumor volume (mmd) of all mice at the indicated time points.
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Discussion

Let-7 miRNA family in human consists of 10 sequences from 13 precursors [15]. In
general, let-7 miRNAs act as a tumor suppressor by targeting oncogenes such as RAS
and HMGA2 and let-7 miRNAs are down-regulated in many cancers from solid organs
[16]. In this study, we found that let-7c expression is down-regulated in breast cancer
cells and clinical specimens. Transfection of lentiviral-encoded let-7c inhibited the
growth and clonogenicity of breast cancer cells while enhancing apoptotic cell death. It
is well documented that Lin28 plays a major role in regulation of let-7c expression [17].
This is consistent with our studies showing that Lin28 suppresses let-7c expression in
breast cancer cells.

Overexpression of Lin28 inhibited let-7c expression in SUM44 cells, while
knockdown of Lin28 expression increased let-7c in SUM52 cells. Earlier study by Dong
et al. [18] reported that let-7a suppresses prostate tumor growth by targeting E2F2 and
CCND2. Many studies suggest that let-7c suppresses prostate tumor growth by several
pathways including regulation of IL-6, Myc, Lin28 and the AR [19]. In addition, direct
reconstitution of let-7c by injection of lentivirally encoded let-7c into established
xenograft tumors marks an important step in the direction of prospective therapeutic
strategies using let-7c [20]. Even though members of the let-7 family may exhibit some
redundant functions, individual components may be subject to differential and tissue-
specific regulation in different cell types [21, 22].

Our results with lentivirally encoded let-7c show that, if feasible strategies to
reconstitute let-7c in breast tumors can be developed, reconstitution of let-7c may
represent a potential therapeutic agent for breast cancer treatment. Perhaps, the most
provocative evidence linking let-7 to drug sensitivity comes from studies with breast
cancer T-1C [23]. The cancer stem cell hypothesis, while still somewhat controversial,
suggests that cancers may arise from rare cells with stem-like characteristics such as
self-renewal and multi-potent differentiation capability [24] and recent evidence has
demonstrated that breast cancer T-1Cs can be characterized by low let-7 expression, and
that modulating let-7 expression in these cells alters their stem-like properties. SUM52
cells possess a metastatic ability with dissemination in nude mice [25]. Thus, exosomal

release of let-7 miRNASs into the extracellular environment results in decrease of anti-
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tumorigenic effect within the cells, which lead to maintain their oncogenesis and
invasiveness.

In this case, the exosomal release of let-7 miRNAs may cause transformation in
target cells by transferring their oncogenic properties. For the discovery of novel blood
tumor markers and biomarkers, approaches including proteomics and transcriptomics
are conducted either by direct analysis of blood samples or application of profiling in
tissue samples. There are contradictory reports if whether the profiles of miRNA and
MRNAS in bloodstream are parallel with the tumor's profile.

In conclusion, this study confirms that the miRNA let-7c¢ plays an important role in
inhibition of breast cell proliferation and metastasis progression. Down-regulation of
expression of Let-7c and the let-7c/Lin28 feedback loop may facilitate breast tumor
growth. Targeting this novel pathway may pave the way for effective therapeutic

strategies in breast cancer therapy.
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