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miRNA Targeted Therapy in Lung Cancer
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1 Introduction

Lung cancer is the leading cause of cancer-associated deaths [1] with non-small-
cell lung cancer (NSCLC) being the most prevalent histological cancer subtype
worldwide [2]. Lung cancer is often associated with poor prognosis because many
patients are diagnosed at an advanced stage when surgery is no longer an option. In
order to reduce the high mortality rate, new predictive and prognostic biomarkers
need to be validated in lung cancer models. The individual components of various
signaling pathways have long been tested for their use as biomarkers and/or
therapeutic targets with limited success. Research in recent years has proposed
microRNAs (miRNAs) as molecules with enormous potential as therapeutic
targets.

The miRNAs are small (19-24 nucleotides) non-coding RNA molecules that
down-regulate gene expression by interacting with sequences located mostly in the
3’ untranslated region (UTR) region of multiple target mRNAs, resulting in either
translational repression or degradation of mRNAs. The miRNA-mediated regula-
tion of oncogenes/tumor suppressor genes is now widely accepted as a key step in

A. Ahmad (P<) « K.R. Ginnebaugh * Y. Li » B. Bao

Department of Pathology, Karmanos Cancer Institute, Wayne State University School of
Medicine, 707 Hudson Webber Cancer Research Center, Detroit, MI 48201, USA
e-mail: ahmada@karmanos.org

S.M. Gadgeel
Department of Oncology, Karmanos Cancer Institute, Wayne State University School of
Medicine, 4100 John R, 4 Hudson Webber Cancer Research Center, Detroit, MI 48201, USA

F.H. Sarkar
Department of Pathology, Karmanos Cancer Institute, Wayne State University School of
Medicine, 707 Hudson Webber Cancer Research Center, Detroit, MI 48201, USA

Department of Oncology, Karmanos Cancer Institute, Wayne State University School of
Medicine, 4100 John R, 4 Hudson Webber Cancer Research Center, Detroit, MI 48201, USA
e-mail: fsarkar@med.wayne.edu

F.H. Sarkar (ed.), MicroRNA Targeted Cancer Therapy, 99
DOI 10.1007/978-3-319-05134-5_5, © Springer International Publishing Switzerland 2014


mailto:ahmada@karmanos.org
mailto:fsarkar@med.wayne.edu

100 A. Ahmad et al.

the progression of human malignancies. The miRNAs are believed to play a
regulatory role in almost every aspect of tumor progression. They are known to
regulate proliferation, migration, invasion, angiogenesis, metastasis as well as
relapse of human cancers. As such they offer an attractive target for therapy of
human cancers. While the importance of miRNA-mediated regulation has been
demonstrated in virtually every known cancer type, we will limit our discussion in
this chapter to lung cancer. Without going into the details of individual miRNAs
that have been associated with lung cancer cells’ proliferation and other in vitro
characteristics, we will discuss the most recent literature that has demonstrated the
possible use of miRNAs in lung cancer therapy. The focus of this chapter will be on
the studies with clinical implications. We will start with a discussion of reports on
the regulation of resistance phenotype by miRNAs and then look at numerous
recent reports that have tied miRNAs with some diagnostic/prognostic importance
in clinical lung cancers.

2 Resistance to Therapies

Despite significant progress made in cancer research in recent years, the mortality
rate for lung cancer has largely remained unchanged. A major factor that has
contributed to this is acquired resistance to conventional and targeted therapies
[3]. Simply speaking, this refers to the ability of lung cancers to turn refractory/
resistant to very therapeutic regimes to which they responded initially. Accumulat-
ing evidence has connected miRNAs to the phenomenon of drug resistance [4]. In
the context of targeted therapy, the topic of resistance is very important. Any future
targeted therapy needs to carefully evaluate the possible mechanisms that can lead
to resistance against it. In the next few sub-sections, we will detail the role of
miRNAs in acquired resistance against chemotherapy as well as radiation therapy,
the two major types of therapies used for treatment of cancers.

2.1 Drug Resistance

We start our discussion on resistance to therapies with resistance against chemo-
therapy. A number of chemotherapeutic drugs have been approved for the treatment
of lung cancers. These drugs often meet the same fate when used for prolonged
periods and the tumors that acquire resistance against chemotherapy are most often
very aggressive and very difficult to manage.
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2.1.1 Cisplatin

Cisplatin belongs to the class of platinum-containing anticancer drugs. The
miRNAs are now well known to influence the phenomenon of drug resistance
against cisplatin. In one study that focused on understanding the mechanism of
cisplatin resistance, a role of let-7c was discovered [5]. It was observed that the
expression of let-7c miRNA is reduced in A549-derived cells that are resistant to
cisplatin. Re-expression of let-7c levels led to alterations in the sensitivity of cells
to cisplatin, suggesting a specific role of this miRNA in determining resistance to
cisplatin. In this context, ABCC2 and Bcl-XL were identified as targets of this
miRNA. It might be important to point out that let-7 family of miRNAs are known
regulators of EMT (epithelial-to-mesenchymal transition) wherein their high
expression is largely associated with a less aggressive and epithelial phenotype.
This study reported lower levels of let-7c in cisplatin resistant cells which means
that the resistant cells might be exhibiting a mesenchymal phenotype. These results,
therefore, indicate a possible role of EMT in drug resistance. Although there are
numerous reports that connect EMT to drug resistance, this report was one of the
first connecting let-7c¢ to cisplatin resistance in a lung cancer model. Similar to the
effects of let-7c, another report [6] implicated a similar activity of miR-503. This
miRNA was also observed to be down-regulated in cisplatin resistant A549 cells.
Though this study did not identify a single target of miR-503 leading to cisplatin
resistance mediated effects, a number of drug resistance related factors such as
MDRI1, MRP1, ERCCI, survivin and bcl-2 were reported to be down-regulated
significantly with the over-expression of miR-503. Qiu et al. also reported a down-
regulated miR-503 in A549 cells that were resistant to cisplatin [7]. They identified
Bcl-2 as a target of miR-503. Ectopic expression of miR-503 reduced the levels of
its target Bcl-2 and resulted in re-sensitization of cisplatin-resistant A549 cells to
cisplatin. Recently, miR-101 over-expression has also been shown to sensitize
A549 cells to cisplatin with increased apoptosis through activation of caspase 3 [8].

Another miRNA involved in cisplatin resistance in lung cancer cells is miR-135
[9]. The miR-135a/b were observed to be expressed at relatively low levels in A549
cells that were resistant to cisplatin. To confirm the role of miR-135a/b in cisplatin
resistance, these miRNAs were over-expressed in cisplatin resistant cells which led
to the reversal of cisplatin resistance. This study identified MCL1 as a direct target
of miR-135a/b and, therefore, levels of MCL1 were high in the cisplatin resistance
cells which went down with the over-expression of miR-135a/b. The miR-98 is yet
another miRNA implicated in cisplatin resistance [10]. This miRNA was identified
for its role in cisplatin resistance in a study that looked at differential expression of
miRNAs in cisplatin resistant A549-derived cells vs. cisplatin sensitive parental
A549 cells. Based on whether the expression was increased at least two-folds or
halved, 14 miRNAs were listed to be up-regulated and 8 miRNAs were
down-regulated in cisplatin resistance cells, compared to parental cells. The
miR-98 was found to be down-regulated three-folds in the resistant cells while its
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target gene HMGA?2 was up-regulated. Increased expression of miR-98 in cells led
to increase sensitivity to cisplatin, thus confirming its role in cisplatin resistance.

With the knowledge that copper-transporting p-type adenosine triphosphatase A
(ATP7A) is involved in the resistance to cisplatin, Song et al. [11] looked for
miRNAC(s) that can target ATP7A which, in turn, may play a role in cisplatin
resistance. The miR-495 was identified as one such miRNA that could target
ATP7A. ATP7A is induced in cisplatin-resistant cells while miR-495 was found
to be down-regulated in the same cells. Up-regulation of miR-495 reduced the
levels of ATP7A and sensitized cells to cisplatin. Increased miR-495 levels resulted
in accumulation of drug inside the cells which can explain enhanced sensitivity to
cisplatin. Conversely, low levels of miR-495 (and high levels of ATP7A) resulted
in lower intracellular levels of cisplatin. A role of miR-31 has also been suggested
in resistance to cisplatin [12]. Endogenous expression of miR-31 was observed to
be up-regulated in cells resistant to cisplatin and its down-regulation led to the
sensitization of cells to cisplatin. Interestingly, ABCBY, the drug-resistance asso-
ciated gene, was identified as a target gene.

2.1.2 Docetaxel (Taxotere)

Docetaxel is a chemotherapeutic agent that interferes with mitosis, and as such
targets the relatively fast dividing cancer cells. Similar to its involvement in
resistance to cisplatin, let-7 has been shown to be involved in resistance to
docetaxel as well [13]. The lung cancer cells, SPC-A1 that were engineered to be
resistant to docetaxel, were found to express low endogenous levels of let-7c.
Ectopic over-expression of let-7c once again sensitized these cells to docetaxel.
Interestingly, resistance to docetaxel was accompanied by resistance to radiations
as well, and thus ectopic over-expression of let-7c sensitized the cells to radiation
therapy. As expected, increased expression of let-7c reversed EMT and the meta-
static potential of cells as well. This study identified Bcl-xL as a molecular target of
let-7c and deregulations of Bcl-xL levels were shown to be enough to abrogate
let-7c effects. This study successfully demonstrated a similar underlying molecular
mechanism for chemo- and radio-resistance that involved modulation by a miRNA.

2.1.3 EGFR-TKI

Epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-TKIs) are
routinely used in clinical setting for the treatment of lung cancer. However, like
most of the other conventional drugs, lung cancer patients often develop resistance
to EGFR-TKIs which remains a major concern. EMT, in particular, has been linked
to the development of resistance to EGFR-TKIs. Kitamura and coworkers [14]
looked for a correlation between EMT-inducing miRNAs and resistance to
EGFR-TKI gefitinib. TGF-f1 was used as an inducer of EMT and it was observed
to induce the expression of several miRNAs. Mechanistic studies revealed an
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important role of miR-134 and miR-487b in the induction of EMT and resistance to
gefitinib. Knockdown of these two miRNAs reversed EMT as well as TGF-p1-
induced resistance to gefitinib.

Investigations in our own laboratory have revealed an important role of hedge-
hog signaling in TGF-p1-induced EMT, and resistance of NSCLC cells to EGFR-
TKI erlotinib [15]. We observed reduced levels of miR-200 and let-7 families of
miRNAs in TGF-p1-treated A549 cells that were resistant to erlotinib. From the two
families of miRNAs, we chose to focus on miR-200b and let-7¢ because these were
the two most differentially expressed miRNAs in our study. Over-expression of
these two miRNAs significantly reversed EMT and also re-sensitized cells to
erlotinib. Inhibition of hedgehog signaling pathway, by use of pharmacological
inhibitor GDC-0449 as well as the use of specific siRNA, also had similar effects,
1.e. reversal of EMT and sensitization to erlotinib. Our results, thus, confirmed a
complex relationship between hedgehog signaling, EMT and erlotinib resistance,
which involved regulation by EMT-modulatory miRNAs.

2.1.4 Pemetrexed

Pemetrexed is another drug used for the treatment of NSCLC. Its structure is similar
to folic acid and, therefore, it belongs to the class of anticancer drugs called “folate
antimetabolites”. It has been approved for use against locally advanced and meta-
static NSCLC in combination with cisplatin. Franchina et al. [16] evaluated the
expression levels of miR-22, miR-24 and miR-34a in blood samples of NSCLC
patients treated with pemetrexed for a possible correlation with clinical outcome.
Of the three miRNAs tested, miR-22 was reported as the most promising miRNA
because its levels were significantly high in patients that developed progressive
disease. Thus, miR-22 can be a marker for predicting progressive disease in patients
being treated with pemetrexed.

2.2 Radioresistance

Resistance to radiotherapy is a major clinical problem. Advanced stage tumors
often exhibit resistance to radiation therapy. To understand the molecular basis of
such radioresistance, Zhang and coworkers [17] developed a radioresistant deriv-
ative of NSCLC cell line A549. This was achieved by subjecting A549 cells to
2Gy/day X-rays amounting to a total of 68 Gy. Western blot analysis revealed an
up-regulated TRIB2 in the cells that were consistent with resistance to radiation. As
a regulator, miR-511 was observed to be down-regulated in the resistant cells.
Based on these observations, it was hypothesized that miR-511 expression is lost in
cells that acquire resistance to radiation. To prove this hypothesis, miR-511 was



104 A. Ahmad et al.

over-expressed in the resistant cells which led to a decrease in the levels of TRIB2
with simultaneous inhibition of cell growth and also increased apoptosis. An
involvement of Bax was also suggested based on the observation that resistant
cells had low levels of Bax and these levels were restored with over-expression of
miR-511. This study suggested that miR-511 can be targeted in lung cancer patients
for the reversal of radioresistance. Another study by Grosso et al. [18] found a
similar role of miR-201 in the radioresistance. The logic behind the study on
miR-201 was based on the connection of this miRNA with hypoxia-inducible factor
(HIF)-1. In this work, A549 cells were stably transfected with miR-210 and it was
observed that these cells had significantly stabilized HIF-1. As a result, miR-210-
expressing cells were similarly radioresistant under normoxic conditions as the
un-transfected cells under hypoxia. Furthermore, under hypoxic conditions,
miR-210 overexpressing cells were able to tolerate radiations up to 10 Gy and
showed significantly reduced apoptosis upon exposure to radiation. It was
suggested that specific targeting of miR-210 might be an option for sensitization
of radioresistant lung cancers to radiation treatment.

Liu and co-workers [19] exposed isogenic lung cancer cells CL1-0 and CL1-5 to
10 Gy radiation and looked at the differential expression of miRNAs in an attempt
to list the miRNAs that play a role in sensitivity to radiation. Of the 26 miRNAs,
miR-449a was found to be down-regulated in cells after 24 h of exposure to
radiation. Based on this observation, this miRNA was further evaluated for testing
the hypothesis that down-regulation of this miRNA might be a mechanism for
resistance to radiation. To prove this hypothesis, miR-449a was over-expressed in
CL1-0 cells which resulted in increased apoptosis leading to sensitization of cells to
radiation, thus confirming a role of miR-449a in radiosensitization of lung cancer
cells. Wang et al. [20] observed increased levels of miR-21 in NSCLC samples
which was correlated with increased metastasis and poor prognosis. With the down-
regulation of miR-21, sensitization to radiation was observed and there was clear
evidence of increased degree of apoptosis. These observations connected miR-21 as
a molecular determinant of sensitivity of lung cancer cells to radiation therapy.

The process of EMT has been linked to resistance to chemotherapy as discussed
earlier. In the sections above, we have discussed the role of EMT-influencing let-7
family of miRNAs in determining resistance to chemotherapy. We pointed out that
let-7 miRNAs, being negative regulators of EMT, are down-regulated in resistant
cells. Another family of miRNAs which functions similarly to negatively regulate
EMT is the miR-200 family. In a study [21] that tried to connect miR-200c with
resistance to radiation therapy, it was observed that ectopic miR-200c over-expres-
sion resulted in sensitization of lung cancer cells (A549 cells) to radiation. Over-
expression of miR-200c would normally result in the reversal of EMT and can
explain the reversal of resistance to therapy. This work also evaluated VEGF-
VEGFR2 pathway as a target of miR-200c. Down-regulation of miR-200c in
resistant cells abrogated the repression of pro-oncogenic VEGFR2 and activated
pro-survival and angiogenic mechanisms.
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Fig. 5.1 miRNAs in Drug and Radiation Resistance. Oncogenic miRNAs are up-regulated while
tumor suppressor miRNAs are frequently down-regulated leading to resistance against chemo-
therapeutic drugs and/or radiations. Emerging evidence has suggested that a miRNA-based
therapy that involves reversal of such miRNA events can reverse resistance against drugs and
radiations leading to re-sensitization of cancer cells

In the last few decades, there has been a realization that non-toxic natural agents,
the ‘nutraceuticals’, can be potent anticancer agents by virtue of their pleiotropic
roles, including their ability to modulate resistance to radiation therapy [22]. Such
activity of flavonoid compounds rhamnetin and cirsiliol was recently described in
NSCLC cells H1299 and H460 [23]. It was determined that the resistance of
NSCLC cells to radiation involved up-regulation of Notch signaling. Since
rhamnetin and cirsiliol could down-regulate Notch-1, it was suggested that such
inhibition of Notch-1 by these natural compounds could result in re-sensitization of
cells to radiation. This was found to be true and the underlying mechanism was
found to be an up-regulation of miR-34a. Notch-1 is a target of miR-34a and
up-regulation of miR-34a resulted in the down-regulation of Notch-1, resulting in
the reversal of resistance to radiation therapy.

Based on the reports discussed so far, it is evident that miRNAs play interesting
roles in determining resistance to therapies (Fig. 5.1). These effects are summarized
in Table 5.1. It is interesting to note that many studies describe the same cell type,
for example, A549 NSCLC cells that have been made resistant to a specific
chemotherapeutic drug. In spite of working with essentially the same model system,
individual reports have mostly implicated a novel miRNA for the observed effect,
which suggests the complexity with miRNAs research. It appears that multiple
miRNAs might be involved in the regulation of similar patho-physiological
responses, and thus more detailed studies will be needed to better understand
these regulatory mechanisms.
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Table 5‘1_ miRN A.S involved 1 ipNA Expression  Effect References
in regulation of resistance to - - - -
chemotherapy/radiation miR-21 High Radioresistance [20]
therapy miR-31 High Cisplatin Resistance [12]
miR-34a Low Radioresistance [23]
miR-92b High Cisplatin Resistance [24]
miR-98 Down Cisplatin Resistance [10]
miR-134 High EGFR-TKI Resistance [14]
miR-135a/b Down Cisplatin Resistance [9]
miR-200b Down EGFR-TKI Resistance [15]
miR-200c Down Radioresistance [21]
miR-210 High Radioresistance [18]
miR-449a Down Radioresistance [19]
miR-487b High EGFR-TKI Resistance [14]
miR-495 Down Cisplatin Resistance [11]
miR-503 Down Cisplatin Resistance [6, 71
miR-511 Down Radioresistance [17]
Let-7c¢ Down Cisplatin Resistance [5]
Let-7¢c Down Docetaxel Resistance  [13]
Let-7c Down Radioresistance [13]
Let-7c¢ Down EGFR-TKI Resistance [15]

3 miRNA in Diagnosis and Prognosis of Lung Cancer

The miRNAs have largely been studied for their therapeutic potential. In addition to
possible use of miRNAs in the therapy of lung cancer, their use as diagnostic,
prognostic and predictive biomarkers has also been advocated [24-29]. For exam-
ple, miR-34c was found to be inversely correlated with histology and has been
suggested as a quantitative biomarker which parallels histologic response in
formalin-fixed biopsies [30]. The miRNAs can also distinguish between current
and former smokers, and miR-375 has been found to be up-regulated in the current
smokers [30]. The advantage of using miRNAs for prediction, diagnosis and
prognosis is that this approach is non-invasive. Many cancers are now believed to
have a “miRNA fingerprint”, which, in simple terms, refers to the expression
pattern (up-regulation/down-regulation) of certain specific miRNAs in the biolog-
ical fluids within the physiological systems which can be exploited for diagnosis
and/or prognosis in the clinical setting. In addition to the traditional screening of
blood/serum/plasma/tissue specimens described in the following subsections, it is
worth mentioning that recent literature has pointed to a possible use of exosome-
derived miRNAs as biomarkers of lung cancer diagnosis [31].

3.1 miRNAs in Serum/Plasma/Circulation

Most of the procedures in practice for the detection of human cancers, including
lung cancer, are invasive. However, recent work with miRNAs has opened up the
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possibility of using these tiny molecules as non-invasive diagnostic tools for
reliable detection of lung cancer. Tang et al. explored three miRNAs — miR-21,
miR-145 and miR-155 for their possible role in predicting onset of lung cancer
[32]. The expression levels of these miRNAs were evaluated in 62 lung cancer
patients and 60 smokers. Of the three miRNAs, plasma levels of miR-145 were
down-regulated while those of miR-21 and miR-155 were up-regulated in lung
cancer patients, compared to the healthy smokers. In a study in Egyptian population
[33] which looked at serum levels of some of these miRNAs and a few additional
miRNAs (miR-21, miR-155, miR-182 and miR-197), the findings on miR-21 and
miR-155 were confirmed i.e. these miRNAs were found to be expressed at higher
levels in lung cancer patients’ sera. Additionally, miR-182 and miR-197 levels
were also found to be high in lung cancer patients [33]. The prognostic value of
miR-21 and miR-155 has been confirmed in a meta-analysis by Wang
et al. [34]. This meta-analysis of 19 studies concluded that high levels of miR-21
and miR-155 are indeed reliable prognostic biomarkers for NSCLC progression as
well as increased risk of lymphoid cells infiltration.

The recovery of miRNAs from circulation has opened a new field with the
possibility of the use of blood-based miRNAs in diagnosis and/or assessing pro-
gression of lung cancer [35, 36]. In one such study [37], expression of 12 plasma
miRNAs, miR-20a-5p, miR-24-3p, miR-25-3p, miR-126-3p, miR-145-5p,
miR-152-3p, miR-155-5p, miR-191-5p, miR-223-3p, miR-199a-5p, miR-296-5p,
and let-7f-5p allowed significant discrimination between controls and NSCLC
patients with an accuracy of 82.1 %. A six-plasma miRNA panel was found to
distinguish between NSCLC patients and chronic obstructive pulmonary disease
patients. A three-miRNA plasma signature was found to be significantly associated
with a higher risk for progression in adenocarcinoma patients and a separate three-
miRNA plasma panel significantly predicted survival of squamous cell carcinoma
patients. In a study [38] that aimed at identifying diagnostically relevant miRNAs
which can distinguish between benign pleural effusion and lung carcinoma-
associated malignant pleural effusion, miR-198 was reported to be significantly
down-regulated in lung carcinoma-associated malignant pleural effusions.

Clinical management of patients with lung cancer offers a lot of challenges, one
of which is the metastatic and recurrent disease. It is desirable that the physicians
have an access to a ‘molecular signature’ which can predict the high vs low risk of
disease recurrence [39]. A number of molecular factors have been evaluated for
their ability to predict the recurrence of lung cancer and in recent years miRNAs
have been the target of many such investigations. One such study reported high
levels of circulating miR-142-3p and miR-29b in serum of patients with early
relapse of lung adenocarcinoma [40]. This study compared patients with and
without recurrence 24 months post-surgical intervention. With the identification
of these two miRNAs at high levels in the serum of patients with recurrence, it
might be possible for the physicians to put a patient at high risk of cancer relapse
incase the levels of these miRNAs are found to be elevated in regular follow-up
studies after surgery. In a report by Markou et al. [41], worst disease free interval
was correlated with low tissue levels of miR-10a while high expression of miR-30e-
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5p was correlated with shortened overall survival. There is evidence supporting an
influence of single-nucleotide polymorphism within miRNA processing on the
prognosis of lung cancer patients [42, 43]. Such genetic variations can lead to
altered regulation of target genes by miRNAs although this field need more in-depth
investigations.

3.2 miRNAs in Tissue Specimens

Formalin-fixed paraffin-embedded tissue specimens are invaluable sources for
investigation. Lin et al. found high expression of miR-19a in NSCLC tissues,
compared to non-malignant cancerous tissues [44]. These high levels were also
confirmed in serum of the patients. High miR-19a levels were correlated with TNM
stage, increased metastases and poor survival. In another study aimed at identifying
miRNA that might be involved in lymph node metastasis, miR-31 was found to be
up-regulated in lung cancer tissue, compared to normal tissue [45]. This miRNA
was distinctly up-regulated in patients with lymph node metastases, compared to
those without lymph node metastases. It was no surprise that reduced expression of
miR-31 was found to be correlated with excellent survival. In a very similar study
[46], miR-9 was found to be up-regulated in lung cancer tissues, compared to
adjacent normal tissues. Furthermore, up-regulation of miR-9 was correlated with
advanced stage tumors and lymph node metastases. The miR-92b is another
miRNA that is expressed at higher levels in lung cancer tissues, compared to
matched adjacent normal tissues [47]. Through the regulation of its well-known
tumor suppressor target PTEN, miR-92b was shown to regulate response to cis-
platin. High levels of miR-92b and concomitant low PTEN levels resulted in
cisplatin resistance.

Epigenetic events can also help predict prognosis. As an example,
hypermethylation of miR-886 promoter leading to the loss of miR-886-3p expres-
sion has been linked to poor outcome prediction in small cell lung cancer [48]. Sim-
ilarly, hypermethylation of miR-148a coding region resulting in the reduced
expression of this miRNA has been linked to poor prognosis of NSCLC with
increased metastasis, shortened disease-free survival and reduced overall
survival [49].

3.3 miRNAs in Sputum

Shen et al. [50] performed an analysis for the possible use of miRNAs as bio-
markers in the sputum. The analyses were done using qRT-PCR in 64 lung cancer
patients and 73 cancer-free smokers. Of the short-listed 12 miRNAs, miR-31 and
miR-210 were found to be the best predictors of lung cancer. When combined, these
two miRNAs resulted in 65.2 % sensitivity and 89.7 % specificity. When combined
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Table 5.2 miRNAs implicated in diagnosis and prognosis of lung cancers

Diagnosis/

miRNA Source prognosis Observation References

miR-9 Tissue Prognosis High levels correlate with poor [47]
prognosis

miR-10a Tissue Prognosis Low levels correlate with worst [42]
disease free interval

miR-19a Serum, Tissue Prognosis High levels correlate with poor [45]
survival

miR-21 Plasma, Serum  Diagnosis High in lung cancer patients [33-35]

miR-22 Blood Prognosis High levels in patients with [16]
progressive disease

miR-29b Serum Prognosis High in recurrent disease [41]

miR-30e-5p  Tissue Prognosis High levels correlate with poor [42]
overall survival

miR-31 Tissue Prognosis High in lymph node metastases [46]

miR-142-3p  Serum Prognosis High in recurrent disease [41]

miR-145 Plasma Diagnosis Low in lung cancer patients [33]

miR-148a Tissue Prognosis Low levels correlate with poor [49]
survival

miR-155 Plasma, Serum  Diagnosis High in lung cancer patients [33-35]

miR-182 Serum Diagnosis High in lung cancer patients [34]

miR-197 Serum Diagnosis High in lung cancer patients [34]

miR-198 Cell-free Diagnosis Low in malignant pleural effusion [39]

circulation

miR-886 Tissue Prognosis Low levels associated with poor  [48]

survival

with the standard diagnostic tool — computed tomography, these two miRNAs
increased the sensitivity of computed tomography.

The literature discussed in this section outlined the remarkable progress with
regards to the use of miRNAs as biomarkers for prediction, diagnosis and prognosis.
The information is summarized in Table 5.2. This information suggests that
miRNAs can be invaluable tool for monitoring the onset and progression of lung
cancer. While this information is encouraging, it is to be noted that all this informa-
tion has emerged within the last 1 year and novel information is trickling in very fast.
It might be some time before a complete picture emerges and when it does many of
these important miRNAs will become the target for lung cancer therapy.

4 Targeted Delivery of miRNAs — Challenges and Progress

The discussion so far attests to the fact that miRNAs have great potential as
regulators of cellular signaling affecting key physiological functions that determine
cancer cells’ behavior such as drug resistance, metastasis and tumor aggressiveness.
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Therefore, targeting of miRNAs for therapeutic purposes sounds a reasonable
approach moving forward although the proof-of-concept has been documented in
pre-clinical setting. However, accomplishing such targeting in vivo is very chal-
lenging. One of the first challenges associated with in vivo injecting of miRNAs is
that these tiny molecules are highly unstable or not bioavailable especially in
circulation for executing their function. They are degraded very rapidly in the
systemic circulation and it is highly unlikely they can reach their target tumor
cells under normal conditions which is in part due to their binding to large
molecular weight proteins. Another challenge is that they are negatively charged
which leads to a poor uptake by cancer cells. Therefore, to target miRNAs to their
intended targets, the very first step is to afford them protection. In a study performed
in breast cancer model [51], we achieved an in vivo effect of miRNA through the
use of locked nucleic acid (LNA)-modified oligonucleotide (miR-200b in this
study) that was delivered intravenously to mice three times a week for a total of
5 weeks. Such persistent dosing was suitable to observe the effects of miRNA
regulation on its target genes and the phenotype in vivo in an experimental assay of
pulmonary metastases. Prior to our study, Chen et al. [52], reported a liposome-
polycation-hyaluronic acid nanoparticle formulation which was modified with
tumor-targeting single-chain antibody fragment. This was used for systemic deliv-
ery of not only miRNAs but also siRNA. Similar to our study where we studied
experimental pulmonary metastases of breast cancer cells [51], this study also
looked into pulmonary metastasis where the tumor was induced by murine
B16F10 melanoma cells.

Not much progress has been made in the targeted delivery of miRNAs but there
are some preliminary reports which are encouraging. As discussed above, let-7
miRNA is a promising target for therapy of lung cancer. It is involved in EMT and
the drug resistance phenotype. Also, since it is a tumor suppressor miRNA and it is
usually down-regulated in metastatic, drug resistant cancers, its delivery to tumor
cells in vivo can possibly be a good strategy to inhibit metastasis and/or sensitize
drug resistant cells to conventional therapeutics. Recently, let-7a was packaged
in a novel liposomal preparation — DOTAP (N-(1-(2.3-dioleoyloxy)propyl)-N,N,
N-trimethyl ammonium)/Cholesterol/DSPE (1,2-distearoyl-sn-glycero-3-
phosphoethanolamine-N-(cyanur(polyethylene glycol) — 2000)) — PEG (polyethyl-
ene glycol)-cyanur liposomal nanoparticles (LNP) [53]. DOTAP and DSPE-PEG
are cationic lipids that contain cyanuric groups. The ligand of EphA2, ephrin Al,
was conjugated on surface of liposomal nanoparticles to specifically target lung
cancer cells that express EphA2 receptor. Such transfections in lung cancer cells
were found to be very effective and the expected effects on cellular functions and
expression of target genes were observed. This study only looked at lung cancer
cells-based assays. The next important step would be to demonstrate the efficacy of
formulation in vivo. Another important tool that can help translation studies is the
development of more appropriate in vivo model systems. Towards this end, a
metastatic fluorescent Lewis lung carcinoma mouse model has been described
[54] that can potentially help identify/screen novel miRNAs involved in malignant
progression.
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5 Conclusions

The research on miRNAs in lung cancer has come a long way in recent years, more
so in the past 1 year that we have discussed here. A lot of information is rapidly
emerging which will take some time for more robust analysis and independent
verifications. Meanwhile, the treatment of lung cancer in the clinical setting is
steadily moving towards using approaches that are much more ‘individualized’.
This approach is based on the realization that each and every tumor presented in the
clinical setting has its individuality. While there are major classes for grouping
most cancers, including lung cancers, it is also evident that every single tumor also
has its unique characteristics even though a tumor mass is composed of highly
heterogeneous population of cancer cells. This heterogeneity is in part responsible
for treatment failure using conventional therapeutics including targeted therapy.
Personalized treatment of human lung cancers is an emerging field and it is
envisioned that miRNAs have their own unique niche in such personalized therapy
for the management of lung cancer patients [55]. On a similar note, understanding
the epigenetic changes that accompany the onset of carcinogenesis is crucial
[56]. In recent years, a number of agents that can target epigenetic changes have
been investigated in translation studies. It is interesting to note an important role
that miRNAs are increasingly being realized to play in the epigenetic regulation of
lung cancer [48, 57-60]. Based on these evidences, it appears that miRNAs hold a
lot of promise in advancing the research that focuses on finding a cure for lung
cancer.
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