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Abstract: Despite improvements in therapies and screening strategies, lung cancer 
prognosis still remains dismal, especially for metastatic tumors. Cancer stem cells 
(CSCs) are endowed with properties such as chemoresistance, dissemination, and stem-
like features, that make them one of the main causes of the poor survival rate of lung 
cancer patients. MicroRNAs (miRNAs), small molecules regulating gene expression, 
have a role in lung cancer development and progression. In particular, mir-486-5p is an 
onco-suppressor miRNA found to be down-modulated in the tumor tissue of lung can-
cer patients. In this study, we investigate the role of this miRNA in CD133+ lung CSCs 
and evaluate the therapeutic efficacy of coated cationic lipid-nanoparticles entrapping 
the miR-486-5p miRNA mimic (CCL-486) using lung cancer patient-derived xenograft 
(PDX) models. In vitro, miR-486-5p overexpression impaired the PI3K/Akt pathway and 
decreased lung cancer cell viability. Moreover, miR-486-5p overexpression induced 
apoptosis also in CD133+ CSCs, thus affecting the in vivo tumor-initiating properties of 
these cells. Finally, we demonstrated that in vivo CCL-486 treatment decreased CD133+ 
percentage and inhibited tumor growth in PDX models. In conclusion, we provided in-
sights on the efficacy of a novel miRNA-based compound to hit CD133+ lung CSCs, set-
ting the basis for new combined therapeutic strategies. 

Keywords: microRNA; lung cancer; cancer stem cell 
 

  

Citation: Moro, M.; Fortunato, O.; 

Bertolini, G.; Mensah, M.; Borzi, C.; 

Centonze, G.; Andriani, F.; Di Paolo, 

D.; Perri, P.; Ponzoni, M.; et al. Mir-486-

5p Targets CD133+ Lung Cancer Stem 

Cells through the p85/AKT Pathway. 

Pharmaceuticals 2022, 15, 297. https:// 

doi.org/10.3390/ph15030297 

Academic Editor: Lawrence Marc 

Pfeffer 

Received: 31 December 2021 

Accepted: 25 February 2022 

Published: 28 February 2022 

Publisher’s Note: MDPI stays 

neutral with regard to jurisdictional 

claims in published maps and 

institutional affiliations. 

 
Copyright: © 2022 by the authors. 

Licensee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license 

(https://creativecommons.org/license

s/by/4.0/). 



Pharmaceuticals 2022, 15, 297 2 of 19 
 

 

1. Introduction 
Lung cancer is still the main cause of cancer deaths worldwide, with 1.8 million 

deaths (18%) overall [1]. Despite improvements in early diagnosis with the advance of 
low-dose computed tomography (LDCT) screening trials and new therapeutic strategies, 
the 5-year survival rate in non-small-cell lung cancer (NSCLC) patients is estimated at 
around 21% in the U.S., and it drops dramatically to 6% for metastatic tumors [2]. 

The gold standard for early-stages tumors is surgical resection, alone or in combina-
tion with platinum-based doublet chemotherapy and radiation. Nonetheless, the 
CD133+ subset of tumor cells showed intrinsic chemoresistant properties such as high 
expression of drug efflux transporters, a relative quiescent status, and self-renewal abil-
ity [3,4]. In fact, according to the cancer stem cells (CSCs) theory, a small subpopulation 
of tumor-initiating cells with stem-like properties is responsible for the development and 
maintenance of the neoplasm [5]. Therefore, a deeper investigation of the molecular pro-
cesses underlying lung cancer development and progression, with a particular focus on 
CSC biology, is critical to improve lung cancer management. 

MicroRNAs are small, non-coding RNAs able to induce mRNAs degradation 
through the binding of complementary sequences of their targets. An altered expression 
of miRNAs has been described in several human malignancies, including lung cancer 
[6]. These small molecules are also involved in cell-to-cell communication since they can 
be released intact by cells encapsulated in microvescicles and perform their function in 
the recipient cells [7]. The revealing role of miRNAs as potential oncogenes and tumor 
suppressors has generated great interest and their characteristics make them potential 
therapeutic compounds [8]. 

Previously, we generated miRNA signatures with diagnostic and prognostic value 
in tumor, normal lung tissue, and plasma samples [9]. Indeed, we largely validated a 
panel of circulating miRNAs able to discriminate among lung cancer patients with the 
worst outcomes [10]. The study of several miRNAs composing the signature uncovered 
their involvement in lung cancer development and aggressiveness. Indeed, we demon-
strated that miR-660 plays a crucial role in lung cancer cell survival by targeting the 
MDM2 mRNA and thus inhibiting tumor growth in xenograft mice models carrying p53 
wild-type NSCLC [11]. More recently, it has been reported that high levels of miR-17 by 
targeting LKB1 identify NSCLC patients who are eligible for metabolic therapeutic strat-
egy because they show sensitivity to energetic stress condition [12]. Moreover, the simul-
taneous modulation of miR-126-3p and miR-221-3p inhibits the phosphatase and tensin 
homolog (PTEN) and the phosphoinositide-3-kinase receptor 2 (PI3KR2), thus reducing 
metastatic dissemination of lung cancer cells [13]. 

Another interesting onco-suppressor miRNA down-modulated in lung cancer tis-
sue and in plasma samples of patients with the worst outcome was miR-486-5p [9,14]. 
This miRNA may affect lung cancer cell proliferation, invasion, and metastasis and in-
duce apoptosis in a TP53-dependent manner [15]. Among the main targets, mRNAs such 
as the forkhead box O1A (FOXO1A) [16], the Rho GTPase activating protein 5 
(ARHGAP5) [17], members of the insulin-like growth factor (IGF) signaling, and the 
PI3K regulatory subunit 1-alpha (p85) were already described [15,18]. Interestingly, the 
CD133 glycoprotein can bind p85 at the level of the cellular membrane of CSCs in glio-
ma models and subsequently activates the PI3K/Akt survivability signaling axis promot-
ing the self-renewal and tumor formation of these cells [19]. On the other hand, the role 
of miR-486-5p on the control of CD133+ CSC has never been evaluated. 

In this study, we wanted to elucidate the role of mir-486-5p on lung CD133+ CSCs 
by in vitro and in vivo experiments. By using coated cationic lipid-nanoparticles (CCL) 
entrapping the miR-486-5p miRNA mimic (CCL-486), we also evaluated the therapeutic 
efficacy of the compound using lung cancer patient-derived xenograft models (PDXs), 
which closely mirrors the main features of the parental human tumor [20]. 
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2. Results 
2.1. miR-486-5p Expression in Tumor Tissue and Plasma Samples of Lung Cancer Patients 

Paired normal lung and tumor tissue samples collected from 45 NSCLC patients 
identified during two independent lung cancer screening trials were analyzed to evalu-
ate miR-486-5p expression by RT-qPCR. No main differences were reported comparing 
the clinico-pathological characteristics of NSCLC patients in the two series, as reported 
in Table 1. 

Table 1. Clinico-pathological characteristics of lung cancer screening patients. 

Characteristics 
INT–IEO (tot = 25) MILD (tot = 20) 

N % N % 
Gender     

Females 7 28 5 25 
Age     

Mean (range) 59 (50–72) 62 (52–74) 
Pack-year     

Mean (range) 61 (26–100) 61 (27–127) 
Tumor histology     

Adenocarcinoma 19 76 14 70 
Others 6 24 6 30 

Tumor stage     

Ia–Ib 17 68 13 65 
II–III 8 32 7 35 

As for enrolment criteria of the screening trials, all patients were heavy smokers 
with Pack-Year >20 and older than 50. The majority of patients were males and diag-
nosed with stage I adenocarcinoma. Indeed, in both the series, lower levels of miR-486-
5p were found in the tumor compared to paired normal lung tissue, irrespective of tu-
mor stage (Figure 1). 

 
Figure 1. miR-486-5p expression in paired normal and lung tumor tissue. RT-qPCR analysis of 
miR-486-5p relative expression normal lung and paired tumor tissue samples collected from stage 
I and stage II–III lung cancer patients identified during (A) the Istituto Nazionale dei Tumori–
Istituto Europeo di Oncologia (INT–IEO) and (B) the Multicentre Italian Lung Detection (MILD) 
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lung cancer screening trials. Asterisks represent the level of significance by paired t-test p-value 
(*** < 0.001). 

2.2. miR-486-5p Overexpression Impairs the PI3K/AKT Pathway and Cell Viability 
To evaluate the effects of miR-486-5p overexpression in lung cancer cell lines, the 

miRNA mimic (mim-486) as well as the control vector (ctrl-v) were transiently transfect-
ed in four commercial lung cancer cellular models. The effective miR-486-5p up-
modulation was confirmed by RT-qPCR every 24 h up to 96 h (Supplementary Figure 
S1A). As already reported [15], by in vitro assays, the transfection of mim-486 in three 
TP53 WT cell lines (H460, LT73, and A549), but not in TP53 null cell line (H1299), in-
duced cell apoptosis and reduced cell migration and invasion (Supplementary Figure 
S2A–C). On the other hand, in vivo xenograft models obtained by subcutaneous injec-
tion of transiently transfected cell lines in SCID mice revealed that mim-486 transfection 
induced a marked decreased in the tumor growth rate compared to controls in all xeno-
graft models, including H1299 (Supplementary Figure S2D). 

A significant difference in tumor growth was also observed in mim-486- versus ctrl-
v-transfected H1299, suggesting a possible TP53-independent mechanism of action. Us-
ing the miRWalk database to uncover mRNA targets that could justify the discrepancies 
observed by in vitro and in vivo results, we focused our attention on p85, involved in 
the PI3K/Akt survivability pathway (Supplementary Table S1). 

The effects of miR-486-5p overexpression on cell survivability were evaluated in 
lung cancer cell lines transfected with ctrl-v, mim-486, and the small interference RNA 
targeting p85 (siRNA-p85). To promote Akt phosphorylation and activate the survivabil-
ity pathway, cells were then cultured with FBS free medium for 48 h to mimic starva-
tion. By flow-cytometry, an overall increase in the percentage of 7AAD-/Annexin+ early 
apoptotic cells was observed when culturing them in starvation rather than in normal 
condition (Figure 2A,B). Moreover, a further significant increase in 7AAD-/Annexin+ 
cells in all the lung cancer cell lines was observed when transfecting the mim-486 or the 
siRNA-p85, including in the H1299 (Figure 2A,B). Western-blot analyses were further 
performed in protein extracted from starved cell lines to evaluate the PI3K/Akt pathway 
status 48 h after mim-486 transfection. The results reported a reduction in p85 protein 
levels, as well as the downstream phosphorylation of Akt in all mim-486- or siRNA-p85-
transfected cell lines (Figure 2C). 
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Figure 2. miR-486-5p induced cell survivability of lung cancer cell lines regulating the p85/AKT 
pathway. (A) In A549 and (B) other lung cancer cell lines cultured in both normal and starved 
conditions, the mim-486 and siRNA-p85 transfection induced early apoptosis, evaluated as per-
centage of Annexin+ cells by flow-cytometry. (C) Western blot of H460, LT73, A549, and H1299 
cell lines transfected with mim-486, siRNA-p85, and the control vector (ctrl-v) to evaluate the 
p85/AKT pathway activation. Actin was used as reference to normalize data. *: p < 0.05 vs ctrl-v. 

2.3. miR-486-5p Overexpression Affects CD133+ Lung Cancer Stem Cell Survivability 
Previous data in glioma CSC demonstrated that CD133 protein interact with p85 at 

the level of the cellular membrane to induce Akt phosphorylation [19]. The expression 
profiles of miR-486-5p and p85 in the four parental lung cancer cell lines, as well as the 
percentage of CD133+ cells evaluated by flow-cytometry, suggest the presence of the 
cross-talk between the miR-486-5p/p85 axis and the CSC phenotype also in these models 
(Supplementary Figure S3). Moreover, immuno-fluorescence experiments, carried out on 
the primary adenocarcinoma tissue and in the corresponding cell line established in our 
laboratory (LT73), indicate a possible co-localization of p85 and CD133 at the level of the 
cellular membrane in lung CD133+ cells (Figure 3A,B). Conversely, in CD133neg cells, 
p85 localizes exclusively in the cytoplasm. 

To better assess if the silencing of p85 could affect the CD133+ CSC compartment, 
the four lung cancer cell lines were transiently transfected with mim-486 or siRNA-p85 
by flow-cytometry. The results showed a significant decrease in the percentage of 
CD133+ compartments in all the cells transfected with mim-486 or siRNA-p85 compared 
to cells transfected with ctrl-v (Figure 3C,D). 

Flow-cytometry multiplex assays were also adopted to more deeply evaluate apop-
tosis in the CD133+ cell subpopulation. In the TP53 WT tumor cell lines H460, LT73, and 
A549 transfected with mim-486-5p and siRNA-p85, a higher percentage of CD133+ cells 
in early-stage apoptosis (7AAD-/Annexin+) was observed when considering both the 
bulk and the CD133+ population. Conversely, in the TP53 null H1299 cell line, induction 
of apoptosis was observed only when looking at the CD133+ subpopulation, suggesting 
that the effects on CD133+ cells are independent of the TP53 status (Figure 3E,F). 

To verify a possible direct regulation of CD133 by miR-486-5p, experiments of lucif-
erase reporter assay using commercial custom-made 3′ UTR CD133 were performed. The 
results did not show a down-modulation of the luciferase activity when HEK-293 cells 
were co-transfected with mim-486 compared to the control vector, allowing us to con-
clude that CD133 is not a direct target of miR-486-5p (Supplementary Figure S4). 

Altogether, our results indicate that miR-486-5p can affect CD133+ CSC by acting on 
p85 with consequent impairment of PI3K/Akt signaling activation. 
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Figure 3. miR-486-5p reduces CD133+ lung cancer stem cells through the regulation of the 
p85/AKT pathway. (A,B) Immuno-fluorescence assay evidences the co-localization of CD133 (PI, 
red) and p85 (FITC, green) on the membrane of CD133+ lung cancer stem cells in the LT73 cell line 
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and in the LT73 original tumor tissue. In panel B, CD133+ cell is indicated by the yellow arrow and 
CD133– cell by the white arrow. (C,D) Flow-cytometry analysis of CD133+ cells in lung cancer cell 
lines transfected with the control vector (ctrl-v), mim-486, and siRNA-p85. (E) Gating strategy to 
evaluate 7AAD and Annexin expression in LT73 CD133+ cell lines. (F) Percentage of Annexin+ 
cells in lung cancer cell lines transiently transfected with the control vector (ctrl-v), mim-486, and 
siRNA-p85. For all the experiments, 48 h after transient transfection was selected as time point. *: p 
< 0.05 vs ctrl-v. 

2.4. miR-486 Overexpression Impairs In Vivo CD133+ Tumor-Initiating Properties 
To better evaluate the in vivo impact of miR-486-5p on CD133+ CSCs, stable expres-

sion of miR-486 in A549 cells was generated using lentiviral vectors and overexpression 
of miR-486-5p was confirmed by RT-qPCR (Supplementary Figure S1B). Using this 
model, we initially estimated that the frequency of CSCs was significantly reduced (p < 
0.0001) in cells overexpressing miR-486-5p compared to cells transfected with the ctrl-v 
by ELDA assay (Supplementary Table S2 and Figure 4A). Moreover, considering only 
established xenografts, a marked reduced tumor growth was observed in tumors ensu-
ing from miR-486-5p-transfected A549 cells (Figure 4B–D). 

 
Figure 4. mir-486-5p reduces cancer stem cell frequency in vivo. (A) Estimated cancer stem cell 
frequency evaluated by Extreme Limiting Dilution Assay (ELDA) in A549 cells transfected with 
mim-486 or control vector. (B–D) Growth curves of A549 cells injected subcutaneously in SCID 
mice at 1 × 104, 1 × 105, and 5 × 105 cells. ELDA data are expressed as median and interval between 
minimum and maximum; in vivo growth data are expressed as mean ± standard error of the mean 
(SEM). 
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A549 CD133+ and CD133neg cells were then sorted and transiently transfected with 
mim-486 or the ctrl-v to evaluate the tumor take rate. Once injected subcutaneously in 
immunocompromised mice, 500 CD133+ cells transfected with the ctrl-v successfully 
grew as xenografts in two out of four (50%) cases, while mim-486-transfected cells  com-
pletely abrogated (0%) in vivo CD133+ tumor-initiating properties (Figure 5A). Con-
versely, the same percentage of CD133− cells showed less tumor-initiating capability, 
and miR-486-5p had no effect on CD133− cell take rate (Figure 5B). On the other hand, 
considering only established xenograft, miR-486-5p overexpression affected CD133− in 
vivo growth, including when increasing the number of injected cells up to 100,000 (Fig-
ure 5C,D). 
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Figure 5. mir-486-5p reduces in vivo tumor take of A549 CD133+ cells. (A) Take rate and growth 
curve of 500 CD133+ cells transfected with the control vector (ctrl-v) or miR-486-5p mimic (mim-
486) and injected subcutaneously in SCID mice. Take rate and growth curve of (B) 500, (C) 5 × 104, 
and (D) 1 × 105 CD133− cells transfected with the control vector (ctrl-v) or miR-486-5p mimic 
(mim-486) and injected subcutaneously in SCID mice. Growth curves were obtained considering 
only established xenograft. All data are expressed as mean ± standard error of the mean. 

2.5. CCL-486 Treatment Decreases CD133+ Percentage and Inhibits Tumor Growth in NSCLC 
Patient-Derived Xenografts 

The therapeutic potential of miR-486-5p on tumor growth was then assessed using 
NSCLC PDX models. PDXs samples from two different patients (PDX111 and PDX305) 
were initially dissociated to single cells and transiently transfected with mim-486 and 
ctrl-v. When re-injected subcutaneously in immunocompromised mice, we observed a 
delay in tumor growth in both of the models transfected with mim-486: 4 days and 18 
days to reach half of the maximal volume in PDX111 and PDX305, respectively (Figure 
6A). 

To strengthen the role of miR-486-5p in modulating PDX growth, mim-486 and the 
ctrl-v were encapsulated in coated cationic lipid-nanoparticles specific for miRNA deliv-
ery. The CCL-486 or the CCL-ctrl compounds were administered intraperitoneally twice 
a week in mice carrying PDX111 or PDX305 tumor samples (Supplementary Figure 
S5A). At the end of the experiments, a 40% tumor volume reduction (p = 0.027) for 
PDX111 and a 50% tumor volume reduction (p = 0.049) for PDX305 was observed (Figure 
6C,D). Of note, CCL-486 treatment resulted in increased miR-486-5p expression in about 
30% of tumor cells, as appreciable by in situ hybridization (Figures 6E and S5B). On the 
other hand, a 50% and 40% reduction in CD133+ cells after 20 days and at the end of the 
experiment, respectively, was observed in CCL-486- compared to CCL-ctrl-treated tu-
mors (Figure 6F). Moreover, higher miR-486-5p levels were appreciable also in lungs, 
liver, and spleen upon CCL-486 treatment compared to CCL-ctrl, while no major side ef-
fects were observed in these organs (Supplementary Figure S5C,D). 
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Figure 6. mir-486 reduces in vivo tumor growth and CD133+ cell percentage in PDXs. (A,B) Cells 
derived from two different PDXs (PDX111 and PDX305) and transfected with mim-486 show a de-
lay in growth (Δt) compared to non-transfected or control vector-transfected cells when injected 
subcutaneously in SCID mice. (C,D) CCL-486 administered intraperitoneally twice a week signifi-
cantly decreases growth of PDX111 and PDX305 injected subcutaneously in SCID mice compared 
to untreated and control vector-treated PDXs. (E) In situ hybridization (ISH) analysis indicates 
miR-486 expression only in CCL-486-treated PDXs both after 20 days and at the end of the exper-
iment. (F) Representative FACS analysis indicates a reduction in CD133+ cells levels in CCL-486-
treated PDXs compared to those in untreated and control vector-treated PDXs, both after 20 days 
and at the end of the experiment. All in vivo growth data are expressed as mean ± standard error 
of the mean (SEM). 

3. Discussion 
In this project, we investigated the role of mir-486-5p in NSCLC models and in par-

ticular, for the first time, in the CSC compartment. Results indicated that replacement of 
mir-486-5p in lung cancer cell lines induced a decrease in CD133+ CSCs subset in both in 
vitro and in vivo models through the inhibition of the PI3K/Akt survivability pathway. 

Starting from the characterization of paired tissue samples collected from lung can-
cer screening volunteers, although miR-486-5p was expressed at different levels in the 
normal lung tissue of heavy-smoker NSCLC patients, a general reduction was observed 
in the corresponding tumor tissue, irrespective of tumor stage [15,17]. Our results are in 
line with previously reported data showing that miR-486-5p was down-modulated in 
the tumor tissue and implicated in the control of the CSC phenotype of colorectal cancer 
patients and in liver cancer through Sirtuin 1 mRNA regulation [21,22]. In hepatocellular 
carcinoma, the replenishment of miR-486-5p blocks the IGF-1R pathway by acting on the 
downstream mediators such as mTOR, STAT3, and c-myc [23]. In the breast, miR-486-5p 
inhibits the epithelial-mesenchymal transition of cancer cells by reducing the expression 
of PIM1 and PTEN [24]. The repression of PIK3R1 by miR-486-5p is also described in re-
nal cell carcinoma and leads to a reduction in tumor aggressiveness [25]. On the other 
side, in prostate cancer, miR-486-5p induces different oncogenic pathways through the 
negative regulation of tumor suppressors such as FOXO1, PTEN, and SMAD2 [26]. 

In vitro functional assays to evaluate the effects of miR-486-5p overexpression in 
lung cancer cell lines showed an induction of apoptosis and a reduced cell migration 
and invasion capability in TP53 WT models only, as already reported [15]. However, 
when moving to in vivo models, a drastic reduction in tumor growth was observed also 
in the H1299 TP53 null cell line transfected with mim-486. Of note, this difference was 
not due to an increased sensitivity of transfected cells to the lack of nutrients they un-
derwent when injected subcutaneously in mice, as suggested by their capability to grow 
in serum-free medium. Thus, we searched for potential targets of miR-486-5p that could 
explain our in vivo results and focused our attention on the p85 regulatory subunit of 
the PI3K complex. In fact, this molecule is involved in stem cell regulation in glioma 
models, where the CD133–p85 interaction has a fundamental role and promotes tumor-
igenic ability of CSC by activating the pro-survival PI3K/Akt pathway [19]. 

In lung cancer, CD133+ tumor cells with stem-like properties, including higher abil-
ity of self-renewal, tumor initiation, and drug resistance, have been widely described 
[3,27,28]. Silencing of p85 in lung cancer cell lines in our models were thus performed. 
Indeed, using both a specific p85-directed siRNA or miR-486-5p, a marked decreased in 
CD133+ cells was observed. This reduction was mainly due to an induction of apoptosis 
in lung CD133+ cells and, conversely to what was observed in the tumor bulk, this was 
independent of TP53. This is of particular interest since CD133+ CSCs have been report-
ed to be responsible for chemoresistance and particularly prone to dissemination [4]. 
Thus, miR-486-5p replacement may have an important clinical role in counteracting can-
cer relapse and metastasis formation, which are the principal causes of cancer-related 
death. 
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We cannot exclude the possibility that additional molecular mechanisms may be 
involved in these processes, and further studies are needed to finely dissect the miR-486-
5p downstream effectors. Nonetheless, we proved the efficacy of a novel therapeutic ap-
proach by the delivery of lipid nanoparticles containing miR-486-5p. CCL-486 adminis-
tered intraperitoneally reduced the growth of lung cancer PDXs in an immunocompro-
mised mouse model. The slight decrement in tumor size could probably be attributed to 
the low delivery efficiency of our particles, as reported in our previous work [24]. To 
improve the anti-tumoral potential of our compounds, the addition of lung cancer-
specific ligands to the surface could increase the delivery and consequently the thera-
peutic use of these compounds in lung cancer. 

As far as the therapeutic aspect is concerned, the depletion of this very small subset 
(<1%) of highly tumorigenic CD133+ cells resulted in a marked reduction in both tumor 
uptake and tumor growth in vivo [3,29]. In recent years, several therapies directed 
against CSCs were investigated for cancer treatment; however only a few of them are 
proceeding through regulatory approval [30]. Targeting the main effectors or down-
stream effectors of key signaling pathways, such as the PI3K/Akt, is one of the alterna-
tive proposed approaches. Thus far, two PI3K inhibitors have reached phase 2 in clinical 
trials for the treatment of breast cancer [31]. The results of the single-arm phase 2trial 
(NCT01790932) enrolling triple-negative metastatic breast cancer treated with Bupar-
lisib, a pan-class PI3K inhibitor drug, were recently published, and the authors conclude 
that no confirmed objective responses were observed [32]. This is also in line with what 
was observed in another clinical trial (NCT01277757), enrolling advanced breast cancer 
patients with PIK3CA/Akt1 or PTEN mutations or loss, where the AKT inhibitor, MK-
2206, showed limited clinical activity [33]. Despite being obtained in a different model, 
these studies taken together indicated that PI3K/Akt-pathway inhibition alone may not 
be sufficient as a therapeutic strategy. Concerning miR-486-5p, it was also recently 
demonstrated that the suppression of the twinfilin actin-binding protein 1 (TWF1) in-
duced by this miRNA improved the susceptibility to Cisplatin of lung cancer cell lines 
both in vitro and in vivo [34]. 

In conclusion, since miRNAs have revealed an interesting potential for cancer ther-
apy in preclinical models, future approaches using the combination of neutral lipid na-
noparticles encapsulating synthetic miRNAs with standard chemotherapy regimens 
could ameliorate the efficacy of the anticancer activity of these new drugs. Despite chal-
lenges such as the improvement of systemic delivery or the onset of resistance to chemo-
therapeutic drugs, the combination of miRNA and chemotherapy represents an innova-
tive strategy for the management of lung cancer. 

4. Materials and Methods 
4.1. Tissue and Plasma Sample Collection 

Tumor and paired normal lung tissue as well as plasma samples were collected 
from 25 and 20 NSCLC patients enrolled in the Istituto Nazionale dei Tumori–Istituto 
Europeo di Oncologia (INT–IEO) lung cancer screening trial and the Multicentre Italian 
Lung Detection (MILD) trial, respectively [35,36]. All subjects signed giving their in-
formed consent and the study was performed according to the Declaration of Helsinki. 
All experimental protocols were approved by the Internal Review and Ethics Boards of 
the Fondazione IRCCS Istituto Nazionale Tumori of Milan (Milan, Italy). 

4.2. RT-qPCR 
From tissue samples, total RNA was extracted using Trizol® (Thermo Fisher Scien-

tific, Waltham, MA, USA) following the manufacturer’s instructions and quantified us-
ing the NanoDrop 2000 (Thermo Fisher Scientific, Waltham, MA, USA). For cultured 
cells, total RNA was isolated using mirVana PARIS Kit (Thermo Fisher Scientific, Wal-
tham, MA, USA) following the manufacturer’s instructions. MicroRNA expression was 
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evaluated by Rt-qPCR starting from 20 ng of total RNA and using the TaqMan mi-
croRNA Reverse Transcription Kit (Thermo Fisher Scientific, Waltham, MA, USA) and a 
TaqMan RT Primer (Thermo Fisher Scientific, Waltham, MA, USA) specific for miR-486-
5p (Assay ID 001278). The small nucleolar RNU48 (Assay ID 001006) was adopted as the 
housekeeping gene and the minor expressor as the calibrator. Gene expression was 
evaluated by the TaqMan Gene Expression Assay for PIK3R1 (Assay ID: 
Hs00933163_m1) using HPRT (Assay ID: Hs99999909_m1) as the housekeeping gene and 
the minor expressor as the calibrator. For the qPCR, the Applied Biosystems 7900 System 
(Thermo Fisher Scientific, Waltham, MA, USA) according to the manufacturer’s instruc-
tions was adopted. 

4.3. In Silico miRNA Target Prediction 
To identify miR-486-5p target mRNAs, we used the publicly available online miR-

Walk database [37], using the following filters: validated targets included in miRTar-
Base, predicted by TargetScan, and miRDB databases with a binding probability equal to 
1 were considered. 

4.4. Luciferase Assay 
To evaluate the direct regulation of CD133 mRNA by miR-486-5p, HEK293 cells 

were transfected with CD133 3′UTR-containing vector (Switchgear Genomics, Carlsbad, 
CA, USA) in combination with the control vector (ctrl-v) and miR-486-5p mimic (mim-
486). Cells were then cultured for 48 h and assayed with the Luciferase Reporter Assay 
System (Switchgear Genomics, Carlsbad, CA, USA). 

4.5. Cell Lines and Culture Conditions 
Three commercial human lung cancer cell lines (NCI-H460, A549, and H1299) were 

purchased from the American Type Culture Collection (ATCC). The LT73 cell line was 
established from a primary lung tumor of a 68-year old Caucasian male with lung ade-
nocarcinoma operated in our Institution. Cancer cells were cultured in RPMI 1640 medi-
um supplemented with 10% heat-inactivated fetal bovine serum (FBS) and 1% penicillin-
streptomycin (Sigma-Aldrich, City of Saint Louis, MO, USA). For starvation experi-
ments, RPMI 1640 FBS-free medium with 1% penicillin-streptomycin (Sigma-Aldrich, 
City of Saint Louis, MO, USA) was adopted. 

4.6. Transient and Stable Transfection 
Lung cancer cells were transiently transfected using mirVana miRNA mimic, short 

interfering RNA (siRNA), and the control vector, using Lipofectamine® 2000 (Thermo 
Fisher Scientific, Waltham, MA, USA), according to the manufacturer’s instructions. Sta-
ble transfection was performed using SMARTchoice lentiviral vector (Thermo Fisher 
Scientific, Waltham, MA, USA) according to the manufacturer’s instructions. 

4.7. Proliferation, Apoptosis, and Cell Cycle Evaluation 
For proliferation assay 2 × 105cells were seeded in a 12-well plate. The count of via-

ble cells was performed after 72 and 120 h using trypan blue (Sigma-Aldrich, City of 
Saint Louis, MO, USA). Each experiment was performed in triplicate, considering as 
standard output the mean value ± standard deviation. 

Apoptosis was quantified by the percentage of Annexin Vpos/7AADneg cells using 
flow-cytometry. Following the manufacturer’s instructions, the Annexin V Kit (Miltenyi 
Biotec, Bergisch Gladbach, Germany) was adopted to evaluate the percentage of apop-
totic cells 48 h after miRNA transfection. 

Cell cycle was evaluated 48 h after miRNA transfection. After fixation with 70% 
cold ethanol, cells were stained with propidium iodide (50 µg/mL) for 40 min. Analyses 
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were carried out by flow-cytometry using BD FACS Calibur and Cell Quest software 
(BD Biosciences, Franklin Lakes, NJ, USA). 

4.8. Migration and Invasion Assay 
For migration assay, 105 cells were placed on the top chamber of FluoroBlok Cell 

Culture Inserts (BD Biosciences, Franklin Lakes, NJ, USA). RPMI plus 10% FBS was used 
as stimulus in the bottom chamber and incubated at 37 °C and 5% CO2. For the invasion 
assay, filters were coated with matrigel (BD Biosciences, Franklin Lakes, NJ, USA). After 
24 h, migrated cells on the bottom side of the filters were stained with DAPI and count-
ed using fluorescence microscopy. Migration and invasion data are expressed as the 
number of migrated mir-486-5p overexpressing cells vs. the number of migrated cells 
transfected with the control vector. Each experiment was performed in triplicate. 

4.9. In situ Hybridization 
miRNA In Situ Hybridization (ISH) was performed on 5 µm-thick FFPE tissue sec-

tions derived from patients, PDXs, and xenografts. Sections were first deparaffinized in 
xylene, rehydrated on alcohol descending scale, and treated with Proteinase-K (Sigma-
Aldrich, City of Saint Louis, MO, USA), diluted 1:200, for 30 min at 37 °C on a Dako Hy-
bridizer (Dako, Fort Collins, CO, USA). Slides were then washed in PBS 1X, dehydrated 
in alcohol increasing scale and hybridized with miRNA detection probes. We used dou-
ble digoxigenin (DIG)-conjugated mirCURY LNA detection probes from Exiqon—a spe-
cific hsa-miR-486-5p probe (5’TCGGGGCAGCTCAGTACAGGA; RNA-Tm: 84.5°C) and a 
scrambled (negative) probe (GTGTAACACGTCTATACGCCCA; RNA-Tm: 87.3 °C)—at 
final concentrations of 100 nM and 40 nM, respectively. For PDX and xenograft tissue 
sections, miRNA detection was performed using Tyramide Signal Amplification (TSA) 
Plus Kit (Perkin Elmer, Waltham, MA, USA) and Anti-digoxigenin (mouse)—HRP con-
jugate (Perkin Elmer, Waltham, MA, USA), diluted 1:1000, according to the manufactur-
er’s instruction. 

For patients, tissue section miRNA expression was automatically detected with the 
Ventana BenchMark ULTRA instrument (Ventana Medical Systems, Oro Valley, AZ, 
USA) using the OptiviewDAB Detection Kit (Ventana Medical Systems, Oro Valley, AZ, 
USA), as previously described [38]. Stained sections were examined by optical micro-
scope and scanned with Aperio Scanscope XT (Leica Biosystems, Wetzlar, Germany). 

4.10. Western-Blot Analysis 
Protein extraction was performed using RIPA buffer (Sigma-Aldrich, City of Saint 

Louis, MO, USA) and total lysate was quantified by Bradford reagent. Twenty-five mi-
crograms of protein was separated on Nupage 4–12% polyacrylamide gels (Thermo 
Fisher Scientific, Waltham, MA, USA) and transferred to polyvinylidene difluoride 
membranes (GE Healthcare, Chicago, IL, USA). The membranes were blocked with 5% 
milk in phosphate-buffered saline with 0.05% Tween 20 (PBS-T) buffer to be probed with 
the following antibodies: Anti-PI3K p85 (mAb4292, Cell Signaling, Danvers, MA, USA), 
Phospho-Akt (Ser473) (mAb4060, Cell Signaling, Danvers, MA, USA), Akt (pan) 
(mAb4691, Cell Signaling, Danvers, MA, USA), and rabbit anti-β-actin (Sigma-Aldrich, 
City of Saint Louis, MO, USA), by standard protocol. For detection, goat anti-rabbit or 
goat anti-mouse secondary antibodies conjugated to horseradish peroxidase (GE 
Healthcare, Chicago, IL, USA) were used accordingly. Signal detection was performed 
via chemiluminescence reaction (GE Healthcare, Chicago, IL, USA). 

4.11. Immuno-Fluorescence 
Immuno-fluorescence experiments on the LT73 tumor tissue and the derived lung 

cancer cell line were performed using rabbit Anti-PI3K p85 (mAb4292, Cell Signaling, 
Danvers, MA, USA) and mouse CD133/1 Antibody (130–113-670, Miltenyi Biotec, 
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Bergisch Gladbach, Germany), according to the manufacturer’s instructions. Cells were 
blocked using PBS with 3% BSA and 2% normal goat serum for 30 min at room tempera-
ture. After being washed twice with 1% BSA, cells were co-incubated overnight at 4°C 
with primary antibodies diluted 1:20 in 1% BSA. After being washed 3 times with PBS, 
cells were then co-incubated for up to 4 h with goat anti-rabbit Alexa 488 IgG (Invitro-
gen, Waltham, MA, USA) and goat anti-mouse Alexa 594 IgG (Invitrogen, Waltham, 
MA, USA) diluted 1:1000 in 1% BSA. Nuclei were stained with the 4’,6-diamidino-2-
phenylindole (DAPI) fluorescence. Images were uptaken with the fluorescent micro-
scope Olympus BX51 and Software MacProbe v4.2.3. 

4.12. Fluorescence-Activated Cell Sorting (FACS + SORTING) 
Lung cancer cells were incubated with anti-human PE-CD133/1 (Clone AC133, Mil-

tenyi Biotec, Bergisch Gladbach, Germany), and diluted 1:50 in PBS+ 0,5% BSA for 30 
min at 4 °C cells. FACSCalibur and FACSCanto cell analyzers (BD Biosciences, Franklin 
Lakes, NJ, USA) were used for data acquisition and FlowJo software V10 for data analy-
sis. To obtain purified CD133+ and CD133− cells for in vivo tumorigenic assay, A549 cell 
line was sorted for CD133 using FACSAria cell sorter (BD Biosciences, Franklin Lakes, 
NJ, USA), as already reported [39]. 

4.13. Extreme Limiting Dilution Assay (Con Referenza Da Sito) 
Extreme Limiting Dilution Assay (ELDA) was performed adapting the protocol de-

scribed by Drs. Hu and Smyth to establish the effective number of CSCs [40]. In particu-
lar, scalar doses of mim-486- or ctrl-v-stably transfected A549 cells (10,000, 100,000, or 
500,000) were injected subcutaneously in the right flank of 12 mice and tumor take was 
annotated. The 1/(stem cell frequency) value was estimated based on the tumor take rate 
in each condition. 

4.14. In Vivo Experiments (Xenografts and PDX) 
All xenograft experiments were carried out using 8- to 9-week-old female SCID 

mice (from Charles River Laboratories, Calco, Italy) maintained in laminar-flow rooms 
at constant temperature and humidity, with food and water given ad libitum. Before 
implantation in mice, cells were tested for the presence of rodent pathogens using IM-
PACT I PCR Profile (IDEXX BioResearch, Columbia, MO, USA) and resulted negative. 
Tumor cells (5 × 105 cells/mouse) were injected subcutaneously (s.c.) on the mouse’s right 
flank. Tumor mass was measured with a caliper and tumor volume (mm3) calculated 
(long diameter × (short diameter)2/2). 

PDXs were established as previously described [20]. Experiments were carried out 
in groups of 8 mice, bearing a PDX sample in the right flank. Mice were treated twice a 
week with intraperitoneal injection, with 1.5 mg/Kg of the miR-486-5p- or miR-SCR-
entrapped lipid-nanoparticles (CCL-486 or CCL-SCR, respectively) or HEPES-buffered 
saline as the non-treated (N.T), twice a week for four weeks. Tumor growth was fol-
lowed by caliper twice a week and results were analyzed using GraphPad Prism soft-
ware. Distribution of the CCL-486 compound into mice organs was evaluated by 
QuantStudio™ 3D Digital PCR (dPCR) using Taqman MicroRNA assays (Thermo Fisher 
Scientific, Waltham, MA, USA), mir-486-5p (ID:001278), and cel-mir-39 (CUSTOM) as 
previously described [41]. All the experimental protocols were carried out according to 
the Italian law D.Lgs. 26/2014, and animal experimentation was performed following 
guidelines drawn up by Fondazione IRCCS Istituto Nazionale dei Tumori Institutional 
Animal Welfare Body [42]. 

Supplementary Materials: The following supporting information can be downloaded at: 
www.mdpi.com/article/10.3390/ph15030297/s1, Figure S1: Effects of compound transfection in 
lung cancer cell lines; Figure S2: Transient transfection of hsa-miR-486-5p miRNA mimic (mim-
486) and the control vector (ctrl-v) in lung cancer cell lines; Figure S3: Endogenous levels of miR-
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486-5p, p85, and CD133+ cells in lung cancer cell lines; Figure S4: Luciferase assay to evaluate the 
direct regulation of CD133 mRNA by miR-486-5p; Figure S5: Evaluation of miR-486-5p distribu-
tion in mice organs; Table S1: miR-486-5p predicted target; Table S2: Extreme Limiting Dilution 
Assay.  

Author Contributions: Conceptualization, M.M. (Massimo Moro), O.F., G.S., and M.B.; methodol-
ogy, M.M. (Massimo Moro), O.F., G.B., and M.M. (Mavis Mensah), C.B., G.C., F.A., D.D.P., and 
M.B.; formal analysis, M.M. (Massimo Moro), O.F. and M.B.; data curation, M.M., O.F., and M.B.; 
writing—original draft preparation, M.M. (Massimo Moro), O.F. and M.B.; writing—review and 
editing, all authors; supervision, M.P., P.P., G.S., U.P., and M.B.; funding acquisition, G.S. and 
M.B. All authors have read and agreed to the published version of the manuscript. 

Funding: This research was funded by the Italian Association for Cancer Research (AIRC IG 
No.18812 and 5 × 1000, No.12162) and the Italian Ministry of Health (GR-2016-02361849). 

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki, and approved by the Ethics Committee of the Fondazione IRCCS Istituto Na-
zionale dei Tumori of Milan (INT_05/53). The animal study protocol was approved by the Institu-
tional Ethics Committee (protocol code INT 13/2015, date of approval 1 April 2016). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 
study. 

Data Availability Statement: Data is contained within the article and supplementary material. 

Acknowledgments: M.B. would like to acknowledge the Fondazione Umberto Veronesi (FUV) 
and the Pezcoller Foundation for their support. 

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the de-
sign of the study; in the collection, analyses, or interpretation of data; in the writing of the manu-
script, or in the decision to publish the results. 

References 
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLO-

BOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. 
https://doi.org/10.3322/CAAC.21660. 

2. Siegel, R.L.; Miller, K.D.; Fuchs, H.E.; Jemal, A. Cancer Statistics, 2021. CA Cancer J. Clin. 2021, 71, 7–33, 
https://doi.org/10.3322/caac.21654. 

3. Bertolini, G.; Roz, L.; Perego, P.; Tortoreto, M.; Fontanella, E.; Gatti, L.; Pratesi, G.; Fabbri, A.; Andriani, F.; Tinelli, S.; et al. 
Highly tumorigenic lung cancer CD133+ cells display stem-like features and are spared by cisplatin treatment. Proc. Natl. 
Acad. Sci. USA 2009, 106, 16281–16286. https://doi.org/10.1073/PNAS.0905653106. 

4. Bertolini, G.; Gatti, L.; Roz, L. The “stem” of chemoresistance. Cell Cycle 2010, 9, 628–629. https://doi.org/10.4161/CC.9.4.10821. 
5. Batlle, E.; Clevers, H. Cancer stem cells revisited. Nat. Med. 2017, 23, 1124–1134. https://doi.org/10.1038/nm.4409. 
6. Iorio, M.V.; Croce, C.M. MicroRNA dysregulation in cancer: Diagnostics, monitoring and therapeutics. A comprehensive re-

view. EMBO Mol. Med. 2012, 4, 143–159. https://doi.org/10.1002/EMMM.201100209. 
7. Kohlhapp, F.J.; Mitra, A.K.; Lengyel, E.; Peter, M.E. MicroRNAs as mediators and communicators between cancer cells and 

the tumor microenvironment. Oncogene 2015, 34, 5857–5868. https://doi.org/10.1038/onc.2015.89. 
8. Rupaimoole, R.; Slack, F.J. MicroRNA therapeutics: Towards a new era for the management of cancer and other diseases. Nat. 

Rev. Drug Discov. 2017, 16, 203–221. https://doi.org/10.1038/NRD.2016.246. 
9. Boeri, M.; Verri, C.; Conte, D.; Roz, L.; Modena, P.; Facchinetti, F.; Calabrò, E.; Croce, C.M.; Pastorino, U.; Sozzi, G. MicroRNA 

signatures in tissues and plasma predict development and prognosis of computed tomography detected lung cancer. Proc. 
Natl. Acad. Sci. USA 2011, 108, 3713–3718, https://doi.org/10.1073/pnas.1100048108. 

10. Sozzi, G.; Boeri, M.; Rossi, M.; Verri, C.; Suatoni, P.; Bravi, F.; Roz, L.; Conte, D.; Grassi, M.; Sverzellati, N.; et al. Clinical utility 
of a plasma-based miRNA signature classifier within computed tomography lung cancer screening: A correlative MILD trial 
study. J. Clin. Oncol. 2014, 32, 768–773. https://doi.org/10.1200/JCO.2013.50.4357. 

11. Fortunato, O.; Boeri, M.; Moro, M.; Verri, C.; Mensah, M.; Conte, D.; Caleca, L.; Roz, L.; Pastorino, U.; Sozzi, G. Mir-660 is 
downregulated in lung cancer patients and its replacement inhibits lung tumorigenesis by targeting MDM2-p53 interaction. 
Cell Death Dis. 2014, 5, e1564. https://doi.org/10.1038/cddis.2014.507. 

12. Borzi, C.; Ganzinelli, M.; Caiola, E.; Colombo, M.; Centonze, G.; Boeri, M.; Signorelli, D.; Caleca, L.; Rulli, E.; Busico, A.; et al. 
LKB1 Down-Modulation by miR-17 Identifies Patients With NSCLC Having Worse Prognosis Eligible for Energy-Stress-Based 
Treatments. J. Thorac. Oncol. 2021, 16, 1298–1311. https://doi.org/10.1016/J.JTHO.2021.04.005. 



Pharmaceuticals 2022, 15, 297 18 of 19 
 

 

13. Di Paolo, D.; Pontis, F.; Moro, M.; Centonze, G.; Bertolini, G.; Milione, M.; Mensah, M.; Segale, M.; Petraroia, I.; Borzi, C.; et al. 
Cotargeting of miR-126-3p and miR-221-3p inhibits PIK3R2 and PTEN, reducing lung cancer growth and metastasis by block-
ing AKT and CXCR4 signalling. Mol. Oncol. 2021, 15, 2969–2988. https://doi.org/10.1002/1878-0261.13036. 

14. Fortunato, O.; Borzi, C.; Milione, M.; Centonze, G.; Conte, D.; Boeri, M.; Verri, C.; Moro, M.; Facchinetti, F.; Andriani, F.; et al. 
Circulating mir-320a promotes immunosuppressive macrophages M2 phenotype associated with lung cancer risk. Int. J. Can-
cer 2019, 144, 2746–2761. https://doi.org/10.1002/ijc.31988. 

15. Peng, Y.; Dai, Y.; Hitchcock, C.; Yang, X.; Kassis, E.S.; Liu, L.; Luo, Z.; Sun, H.L.; Cui, R.; Wei, H.; et al. Insulin growth factor 
signaling is regulated by microRNA-486, an underexpressed microRNA in lung cancer. Proc. Natl. Acad. Sci. USA 2013, 110, 
15043–15048. https://doi.org/10.1073/pnas.1307107110. 

16. Xu, J.; Li, R.; Workeneh, B.; Dong, Y.; Wang, X.; Hu, Z. Transcription factor FoxO1, the dominant mediator of muscle wasting 
in chronic kidney disease, is inhibited by microRNA-486. Kidney Int. 2012, 82, 401–411. https://doi.org/10.1038/ki.2012.84. 

17. Wang, J.; Tian, X.; Han, R.; Zhang, X.; Wang, X.; Shen, H.; Xue, L.; Liu, Y.; Yan, X.; Shen, J.; et al. Downregulation of miR-486-
5p contributes to tumor progression and metastasis by targeting protumorigenic ARHGAP5 in lung cancer. Oncogene 2014, 33, 
1181–1189. https://doi.org/10.1038/ONC.2013.42. 

18. Small, E.M.; O’Rourke, J.R.; Moresi, V.; Sutherland, L.B.; McAnally, J.; Gerard, R.D.; Richardson, J.A.; Olson, E.N. Regulation 
of PI3-kinase/Akt signaling by muscle-enriched microRNA-486. Proc. Natl. Acad. Sci. USA 2010, 107, 4218–4223. 
https://doi.org/10.1073/PNAS.1000300107. 

19. Wei, Y.; Jiang, Y.; Liu, Y.; Zou, F.; Liu, Y.C.; Wang, S.; Xu, N.; Xu, W.; Cui, C.; Xing, Y.; et al. Activation of PI3K/Akt pathway 
by CD133-p85 interaction promotes tumorigenic capacity of glioma stem cells. Proc. Natl. Acad. Sci. USA 2013, 110, 6829–6834. 
https://doi.org/10.1073/PNAS.1217002110. 

20. Moro, M.; Bertolini, G.; Caserini, R.; Borzi, C.; Boeri, M.; Fabbri, A.; Leone, G.; Gasparini, P.; Galeone, C.; Pelosi, G.; et al. Es-
tablishment of patient derived xenografts as functional testing of lung cancer aggressiveness. Sci. Rep. 2017, 7, 6689. 
https://doi.org/10.1038/s41598-017-06912-7. 

21. Pisano, A.; Griñan-Lison, C.; Farace, C.; Fiorito, G.; Fenu, G.; Jiménez, G.; Scognamillo, F.; Peña-Martin, J.; Naccarati, A.; Pröll, 
J.; et al. The Inhibitory Role of miR-486-5p on CSC Phenotype Has Diagnostic and Prognostic Potential in Colorectal Cancer. 
Cancers 2020, 12, 3432. https://doi.org/10.3390/cancers12113432. 

22. Yan, X.; Liu, X.; Wang, Z.; Cheng, Q.; Ji, G.; Yang, H.; Wan, L.; Ge, C.; Zeng, Q.; Huang, H.; et al. MicroRNA-486-5p functions 
as a tumor suppressor of proliferation and cancer stem-like cell properties by targeting Sirt1 in liver cancer. Oncol. Rep. 2019, 
41, 1938–1948. https://doi.org/10.3892/OR.2018.6930. 

23. Youness, R.A.; El-Tayebi, H.M.; Assal, R.A.; Hosny, K.; Esmat, G.; Abdelaziz, A.I. MicroRNA-486-5p enhances hepatocellular 
carcinoma tumor suppression through repression of IGF-1R and its downstream mTOR, STAT3 and c-Myc. Oncol. Lett. 2016, 
12, 2567–2573. https://doi.org/10.3892/OL.2016.4914. 

24. Li, H.; Mou, Q.; Li, P.; Yang, Z.; Wang, Z.; Niu, J.; Liu, Y.; Sun, Z.; Lv, S.; Zhang, B.; et al. MiR-486-5p inhibits IL-22-induced 
epithelial-mesenchymal transition of breast cancer cell by repressing Dock1. J. Cancer 2019, 10, 4695–4706. 
https://doi.org/10.7150/JCA.30596. 

25. He, Y.; Liu, J.; Wang, Y.; Zhu, X.; Fan, Z.; Li, C.; Yin, H.; Liu, Y. Role of miR-486-5p in regulating renal cell carcinoma cell pro-
liferation and apoptosis via TGF-β-activated kinase 1. J. Cell. Biochem. 2019, 120, 2954–2963. https://doi.org/10.1002/JCB.26900. 

26. Yang, Y.; Ji, C.; Guo, S.; Su, X.; Zhao, X.; Zhang, S.; Liu, G.; Qiu, X.; Zhang, Q.; Guo, H.; et al. The miR-486-5p plays a causative 
role in prostate cancer through negative regulation of multiple tumor suppressor pathways. Oncotarget 2017, 8, 72835–72846. 
https://doi.org/10.18632/ONCOTARGET.20427. 

27. Qu, H.; Li, R.; Liu, Z.; Zhang, J.; Luo, R. Prognostic value of cancer stem cell marker CD133 expression in non-small cell lung 
cancer: A systematic review. Int. J. Clin. Exp. Pathol. 2013, 6, 2644–2650. 

28. Prabavathy, D.; Ramadoss, N. Heterogeneity of Small Cell Lung Cancer Stem Cells. Adv. Exp. Med. Biol. 2019, 1139, 41–57. 
https://doi.org/10.1007/978-3-030-14366-4_3. 

29. Moro, M.; Bertolini, G.; Pastorino, U.; Roz, L.; Sozzi, G. Combination treatment with all-trans retinoic acid prevents cisplatin-
induced enrichment of CD133+ tumor-initiating cells and reveals heterogeneity of cancer stem cell compartment in lung can-
cer. J. Thorac. Oncol. 2015, 10, 1027–1036. https://doi.org/10.1097/JTO.0000000000000563. 

30. Yadav, A.K.; Desai, N.S. Cancer Stem Cells: Acquisition, Characteristics, Therapeutic Implications, Targeting Strategies and 
Future Prospects. Stem Cell Rev. Rep. 2019, 15, 331–355. https://doi.org/10.1007/S12015-019-09887-2. 

31. Yang, L.; Shi, P.; Zhao, G.; Xu, J.; Peng, W.; Zhang, J.; Zhang, G.; Wang, X.; Dong, Z.; Chen, F.; et al. Targeting cancer stem cell 
pathways for cancer therapy. Signal Transduct. Target. Ther. 2020, 5, 8. https://doi.org/10.1038/S41392-020-0110-5. 

32. Garrido-Castro, A.C.; Saura, C.; Barroso-Sousa, R.; Guo, H.; Ciruelos, E.; Bermejo, B.; Gavilá, J.; Serra, V.; Prat, A.; Paré, L.; et 
al. Phase 2 study of buparlisib (BKM120), a pan-class I PI3K inhibitor, in patients with metastatic triple-negative breast cancer. 
Breast Cancer Res. 2020, 22, 120. https://doi.org/10.1186/S13058-020-01354-Y. 

33. Xing, Y.; Lin, N.U.; Maurer, M.A.; Chen, H.; Mahvash, A.; Sahin, A.; Akcakanat, A.; Li, Y.; Abramson, V.; Litton, J.; et al. Phase 
II trial of AKT inhibitor MK-2206 in patients with advanced breast cancer who have tumors with PIK3CA or AKT mutations, 
and/or PTEN loss/PTEN mutation. Breast Cancer Res. 2019, 21, 78. https://doi.org/10.1186/S13058-019-1154-8. 

34. Jin, X.; Pang, W.; Zhang, Q.; Huang, H. MicroRNA-486-5p improves nonsmall-cell lung cancer chemotherapy sensitivity and 
inhibits epithelial-mesenchymal transition by targeting twinfilin actin binding protein 1. J. Int. Med. Res. 2019, 47, 3745–3756. 
https://doi.org/10.1177/0300060519850739. 



Pharmaceuticals 2022, 15, 297 19 of 19 
 

 

35. Pastorino, U.; Bellomi, M.; Landoni, C.; De Fiori, E.; Arnaldi, P.; Picchio, M.; Pelosi, G.; Boyle, P.; Fazio, F. Early lung-cancer 
detection with spiral CT and positron emission tomography in heavy smokers: 2-year results. Lancet 2003, 362, 593–597. 
https://doi.org/10.1016/S0140-6736(03)14188-8. 

36. Pastorino, U.; Sverzellati, N.; Sestini, S.; Silva, M.; Sabia, F.; Boeri, M.; Cantarutti, A.; Sozzi, G.; Corrao, G.; Marchianò, A. Ten-
year results of the Multicentric Italian Lung Detection trial demonstrate the safety and efficacy of biennial lung cancer screen-
ing. Eur. J. Cancer 2019, 118, 142–148. https://doi.org/10.1016/j.ejca.2019.06.009. 

37. Sticht, C.; De La Torre, C.; Parveen, A.; Gretz, N. miRWalk: An online resource for prediction of microRNA binding sites. 
PLoS ONE 2018, 13, e0206239. https://doi.org/10.1371/JOURNAL.PONE.0206239. 

38. Gualeni, A.V.; Volpi, C.C.; Carbone, A.; Gloghini, A. A novel semi-automated in situ hybridisation protocol for microRNA 
detection in paraffin embedded tissue sections. J. Clin. Pathol. 2015, 68, 661–664. https://doi.org/10.1136/JCLINPATH-2015-
203005. 

39. Bertolini, G.; D’Amico, L.; Moro, M.; Landoni, E.; Perego, P.; Miceli, R.; Gatti, L.; Andriani, F.; Wong, D.; Caserini, R.; et al. Mi-
croenvironment-modulated metastatic CD133+/CXCR4+/EpCAM-lung cancer-initiating cells sustain tumor dissemination and 
correlate with poor prognosis. Cancer Res. 2015, 75, 3636–3649. https://doi.org/10.1158/0008-5472.CAN-14-3781. 

40. Hu, Y.; Smyth, G.K. ELDA: Extreme limiting dilution analysis for comparing depleted and enriched populations in stem cell 
and other assays. J. Immunol. Methods 2009, 347, 70–78. https://doi.org/10.1016/J.JIM.2009.06.008. 

41. Conte, D.; Verri, C.; Borzi, C.; Suatoni, P.; Pastorino, U.; Sozzi, G.; Fortunato, O. Novel method to detect microRNAs using 
chip-based QuantStudio 3D digital PCR. BMC Genom. 2015, 16, 849. https://doi.org/10.1186/S12864-015-2097-9. 

42. Workman, P.; Aboagye, E.O.; Balkwill, F.; Balmain, A.; Bruder, G.; Chaplin, D.J.; Double, J.A.; Everitt, J.; Farningham, D.A.H.; 
Glennie, M.J.; et al. Guidelines for the welfare and use of animals in cancer research. Br. J. Cancer 2010, 102, 1555–1577. 
https://doi.org/10.1038/sj.bjc.6605642. 


