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ARTICLE INFO ABSTRACT

Keywords: The cancer stem cell (CSC) hypothesis postulates that cancer originates from the malignant transformation of

Cancer cell reprogramming stem cells and is considered to apply to a variety of cancers. Additionally, cancer cells alter metabolic processes

asc . . to sustain their characteristic uncontrolled growth and proliferation. Further, microRNAs (miRNAs) are found to

xf;ﬁ:hc reprogramming be involved in acquisition of stem cell-like properties, regulation and reprogramming of cancer cells during
cancer progression through its post-transcriptional-regulatory activity. In this concise review, we aim to integrate
the current knowledge and recent advances to elucidate the mechanisms involved in the regulation of cell
reprogramming and highlights the potential therapeutic implications for the future.

Introduction cancer metabolism is considered as a crucial therapy.

Cancer remains the most lethal disease although high response rates
to initial treatments including chemotherapy, radiotherapy or some-
times even after combinational chemotherapies. Despite immuno-
therapy and targeted therapy have emerged as effective strategies in the
past few years, their effects have been partially impeded due to cancer
heterogeneity and the existence of CSCs. CSCs represent a small and
elusive subpopulation of cancer cells within a tumor mass with stem cell
properties. The concept of CSCs indicates that transformed stem cells
within a tumor are able to self-renew, promote growth capabilities of
cancer and are responsible for drug/treatment resistance, tumor recur-
rence and metastasis, and differentiate into a heterogeneous tumor
population [1]. This small subset of cancer cells acts as tumor initiating
cells.

Even in the presence of ample oxygen, cancer cells demonstrate a
distinctive form of cellular metabolism characterized by high levels of
glucose uptake and increased conversion of glucose to lactose
(fermentation) via the glycolytic pathway. This phenomenon, called the
“Warburg effect” and also known as aerobic glycolysis, has been
recognized for many years [2]. “Warburg effect” and lipid metabolism
(p-oxidation) are characteristic features of CSCs [3], and determine the
fate of their progression and self-renewal. Therefore, this altered
metabolism has emerged as an important hallmark of CSCs and targeting
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MiRNAs belong to the family of non-coding RNAs with a length of
21-25 nucleotides, and emerged as a new class of small RNAs with a
critical role in the regulation of gene expression ever since their dis-
covery in 1993 [4,5]. It is well known that miRNAs are cell regulators
capable of controlling the expression of several genes at the same time
[6]. MiRNAs are dysregulated in almost all solid and hematological
malignancies, and specific miRNA expression signatures allow the
characterization of different tumors and stages. MiRNAs have been re-
ported play a critical role in a wide range of biological and cellular
processes, such as development, proliferation, and apoptosis. Recently,
studies indicate that miRNAs may also control other properties of CSCs
[71.

Here, we will discuss the cancer cells reprogramming into CSCs,
metabolic reprogramming and miRNA mediated cancer cell reprog-
ramming in this concise review (Fig. 1). We will focus on the biological
landscape and consider therapeutic implications and challenges of
cancer.

Reprogramming into CSCs
CSC is a type of malignant cell endowed with limitless self-renewal

and tumorigenicity which shares many features with normal stem
cells, such as pluripotency, tumor formation and drug resistance [8,9]. It
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is responsible for tumor maintenance and propagation. Since J. Dick’s
initial CSC hypothesis proposed for leukemia, thousands of studies have
shed light on CSCs [10,11]. The CSC hypothesis postulates that cancer
originates from the malignant transformation of stem/progenitor cells.
Increasing evidences have claimed that many tumors rely on sub-
populations of CSCs with the ability to propagate malignant clones
indefinitely and to produce an overt cancer. CSCs can originate from
normal committed cells which undergo tumor-reprogramming processes
and reacquire a stem cell-like phenotype. Accumulating evidences also
show how tumor homeostasis and progression strongly rely on the ca-
pacity of nontumorigenic cancer cells to dedifferentiate to CSCs. CSCs
have also been indicated to adopt several mechanisms, driven by cellular
plasticity, senescence and quiescence, to maintain their self-renewal
capability and to resist tumor microenvironmental stress and treat-
ments. CSCs have been shown to be the main cause of therapy resistance
and cancer recurrence. It has been revealed that CSCs have a particular
metabolism that differs from non-CSCs to maintain their stemness
properties.

However, CSCs normally constitute a small subset of the cancer cells
in a heterogeneous tumor, and they are difficult to be isolated and
characterized [12]. Thus, the molecular mechanisms of how CSCs cause
varied malignancies remains poorly understood [13]. Cancer cell
reprogramming can provide a useful platform to comprehensively
explore CSC-associated mechanisms, including the origin and molecular
functions [14].

The primary strategy is to enrich classical stem cell markers such as
CD13, CD24, CD44, CD47, CD90 and CD133, in the cells, and follow
other techniques including side-population analysis, sphere formation,
and so on, to induce CSCs [15-18]. It has been confirmed that mouse and
human fibroblasts could be reprogrammed into induced pluripotent
stem cells (iPSCs) by virus-mediated transduction of Kruppel-like factor
4 (KLF4), Octamer-binding transcription factor 3/4 (Oct-3/4),
Sex-determining region Y-box 2 (SOX2) and c-Myc, which are often
called the OSKM Yamanaka factors [19,20]. The invention of methods
for the induction of human iPSCs derived from somatic cells opened a
new era of research.

The successful process of somatic reprogramming into a stem cell-
like state has paved the way to reprogram malignant cells back to
their original state well before oncogenic transformation occurs. The
generation of pluripotent cancer cells (iPCCs) from cancer cells may
provide tools for exploring the mechanisms of tumor initiation and
progression in vitro to investigate the plasticity of cancer cells and origin
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of CSCs, and achieve cancer type-specific drug discovery. Cancer cells
derived from almost all tissues can be transferred with an identical set of
reprogramming factors, Yamanaka factors, to generate induced iPCCs
[21-23]. Such iPCCs appear to have a CSC-like state after the reprog-
ramming process [22,24,25]. Recently, many studies have reported that
other transcription factors can drive CSC generation. It has been verified
that both an ovarian cancer cell line and fallopian tube epithelial cells
can be reprogrammed and Glis family zinc finger 1 (GLIS1) can suc-
cessfully replace MYC as a transcription factor [26]. Furthermore, it has
been indicated that Methyl-CpG binding domain protein 3 (MBD3) in-
hibits the formation of liver CSCs. The results also suggest that expres-
sion and activity of the transcription factor c-JUN are increased in
induced CSCs, and are essential for stemness and CSCs properties,
indicating that c-JUN might serve as a target for liver cancer therapy
[27].

The selective targeting CSCs is a promising therapeutic strategy to
prevent or slow cancer growth of human cancer and reduce the risk of
recurrence [28]. Therapeutic strategies include disrupting the central
regulating signaling pathways important for the cell type, targeting
specific markers, inhibition of the ATP-binding cassette (ABC) trans-
porters, manipulating miRNA expression, or inducing the differentiation
and apoptosis of CSCs.

Signaling pathways that underlie CSC biology and have been iden-
tified as potential targets, such as Notch/Delta-like ligand (DLL), CXC
chemokine receptor 1-2/CXCL8/FAK, and Wnt pathways [29]. Since
CSCs and normal stem cells share the expression of many genes and
signaling pathways, the redundancy of the regulatory pathways may
effectively limit the efficacy and clinical impact of the therapeutic ap-
proaches. Meanwhile, the high-throughput drug screening using
patient-specific iPCCs has been receiving growing attention. For
instance, chemotherapy takes a huge toll on patients with cancer
because of its undesirable side-effects. In addition, a differentiated
cytotoxicity screen could lead to the development of drugs that are more
specific to their target cells [29].

However, these reprogramming methods remain challenges, such as
to break through the efficiency threshold due to insufficient gene de-
livery and limitations in cellular uptake, the cancer-specific epigenetic
state and chromosomal aberrations of cancer cells [30-32].

Metabolic reprogramming

Metabolic reprogramming is a hallmark of malignancy and refers to

GLUT3 ! ! GLUTT
il t
ucose oMye
CD34+CD38-, etc. ——» Blood CSC — -0, l
Glycolysis Pyruvate
CD133+, CD49, etc. —— Brain CSC NADH
{ c-Myc
HIF-1a NAD+
CD44+, CD44+CD133+, etc. —— Prostate CSC Pyruvate Acetyl-CoA
NADP+

CD26+, CD44+, CD133+, etc. ——

CD44+, CD133+, CD90+, etc. —

CD44+CD24-, CD133+ —

Colon CSC

Lung CSC

-
J LDHA
NADPH

Breast CSC —

TCAcycle a-ketoglutarate

Lactate
NADH + e glutamate
glutaminolysis
Aerobic Respiratory .
glycolysis Chain glutamine

miR-23a, miR-23b

c-Myc
ATP

Fig. 1. A simplified overview of cancer cells reprogramming into CSCs, metabolic reprogramming and miRNA mediated cancer cell reprogramming.
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the ability of cancer cells to alter their metabolism in order to support
the increased energy request due to continuous growth, rapid prolifer-
ation, and other characteristics typical of neoplastic cells. The altered
cancer cell metabolism hypothesis initially proposed by Dr. Otto War-
burg’s discovery in 1930 is now accepted. Cancer cells rewire their
metabolism to promote growth, survival, proliferation, and long-term
maintenance. The common characteristic of this altered metabolism is
that cancer cells preferentially utilize glucose through aerobic glycol-
ysis, which is an increase in glycolysis with concomitant lactate pro-
duction. This phenomenon is observed even in the presence of
completely functioning mitochondria and together is so-called Warburg
Effect. The Warburg Effect has been documented for over 90 years and
extensively studied over the past 10 years with numerous papers
reporting to have established either its causes or its functions [33].
While metabolic reprogramming of cancer cells has long been consid-
ered from the standpoint of how and why cancer cells preferentially
Warburg Effect, the progress during the past several years has substan-
tially advanced our understanding of the rewired metabolic network in
cancer cells that is intertwined with oncogenic signaling and metastatic
cascade.

The glycolytic pathway and its regulation have been detailed
explained in previous description [34]. In other words, altered meta-
bolism is the fundamental difference between normal and cancer cells
that to sustain their characteristic uncontrolled growth and prolifera-
tion. These metabolic alterations include (1) a shift from oxidative
phosphorylation to aerobic glycolysis to support the increased need for
ATP, (2) increased glutaminolysis for nicotinamide adenine dinucleo-
tide phosphate (NADPH) regeneration, (3) altered flux through the
pentose phosphate pathway and the tricarboxylic acid cycle for
macromolecule generation, (4) increased lipid uptake, lipogenesis, and
cholesterol synthesis, (5) upregulation of one-carbon metabolism for the
production of ATP, nicotinamide adenine dinucleotide (NADH)
/NADPH, nucleotides, and glutathione, (6) altered amino acid meta-
bolism, (7) metabolism-based regulation of apoptosis, and (8) the uti-
lization of alternative substrates, such as lactate and acetate [35].

Meanwhile, the constitutive activation of signaling pathways
involved in cell growth because of most tumor cells reprogram their
glucose metabolism as a result of mutations in oncogenes and tumor
suppressors. Glucose metabolism can be modulated through both on-
cogenes and tumor-suppressor genes which are downstream of many
signaling pathways. For instance, the extracellular signal-regulated ki-
nase (ERK)- mitogen activated protein kinase (MAPK) signaling
pathway, which is activated by the RAS oncoproteins (HRAS, KRAS, and
NRAS) and positively associated with cell proliferation and survival [36,
371, has been shown to promote the Warburg effect [38]. Constitutive
activation of ERK and MAPK signaling is frequently observed in human
cancers. ERK1/2-dependent phosphorylation and nuclear translocation
of pyruvate kinase isoenzyme type M2 PKM2 has been confirmed to
promote the Warburg effect [38]. TGIF2 has been found to promote the
progression of lung adenocarcinoma by bridging EGFR/RAS/ERK
signaling to cancer cell stemness [39]. The transcription factor, c-Myc,
has been found to increase the expression of GLUT1, LDHA, and a
number of enzymes in the glycolytic pathway, as well as
hypoxia-inducible factor 1o (HIF-1a), which also upregulates LDHA and
cooperates with c-Myc in the induction of HK2 [40-42]. Stiffer Matrix
has also been found to accelerate migration of hepatocellular carcinoma
cells through enhanced aerobic glycolysis via the MAPK-YAP signaling
[43]. Recently, glycans and glycosylation have also been found to be
involved in cancer cell reprogramming|44].

Numerous directions are being investigated to harness energetic
processes as therapeutic strategies for cancer. Attempts to target the
glucose metabolism, especially on Warburg effect, for cancer diagnosis
and therapy emerges in the past decades and is still in developing,
including application of glucose metabolism in cancer diagnosis and
treatment. For example, one of the most impressively clinical utility of
the Warburg effect is positron emission tomography (PET) with a
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radiolabeled analog of glucose (18F-fluorodeoxyglucose, FDG) per-
formed to non-invasively visualize glucose uptake in human body since
1976 [45,46]. PET scanner detects the radioactive decay of 18F-FDG-6-p
and the body images were generated to show distribution of 18F-FDG.
Therefore, the accumulated amounts of 18F-FDG-6-p the presence of
living malignance [47,48]. Currently, various agents involved in glucose
metabolism are actively investigated as novel targets with therapeutic
potential, such as glucose transporter (GLUT)—1 inhibitory agents,
Galloflavin, the analogs of Gossypol, and so on [2]. Despite the emerging
of metabolic enzymes or transporters inhibitors, the efficiency of tar-
geting tumor glucose metabolism is still under challenge. If we will
uncover many other unknown aspects of glucose metabolism in cancer,
then we can use them to benefit patient care more in the future.

MiRNA mediated cancer cell reprogramming: emerging
alternatives

MiRNAs are a class of endogenous small non-coding RNAs with
19-25 nucleotide in length. MiRNAs function as major players in post-
transcriptional regulation and numerous biological processes such as
proliferation, survival, apoptosis and stem cell physiology [49-51],
through base pairing between seed sequences in miRNA and comple-
mentary sequences within the open reading frame or an untranslated
region of the target messenger RNAs (mRNAs), thereby destabilizing
mRNA and/or inhibiting protein synthesis [6,52]. Each miRNA can
target hundreds of transcripts and proteins directly or indirectly, and
more than one miRNA can converge on a single transcript target.
Therefore, the potential regulatory circuitry afforded by miRNA is
enormous. Recent studies indicate that miRNAs undergo a complex, but
finely tuned regulation in cell reprogramming [53].

MiR-302 s, miR-200¢, miR-369, miR-34a, and miR-30b have been
reported to be crucial in enhancing the expression of pluripotency-
associated genes [22,54-61]. MiR-302 has been found to reprogram
human skin cancer cells into pluripotent ES-cell-like state [59]. The
miR-302 family (miR-302 s) is expressed most abundantly in
slow-growing human embryonic stem (ES) cells, and quickly decreases
after cell differentiation and proliferation. Thus, miR-302 s was inves-
tigated as one of the key factors essential for maintenance of ES cell
renewal and pluripotency in this study [59]. Previous study has
demonstrated that miRNAs let-7, miR-125, miR-9, and miR-30 directly
repress LIN28 expression in embryonic stem and cancer cells. LIN28 is a
homologue of the Caenorhabditis elegans lin-28 gene. In human tumors,
LIN28 is a reprogramming factor and up-regulated and functions as an
oncogene promoting malignant transformation and tumor progression
[62]. It has also been validated that miR-34a inhibits liver cancer cell
growth by reprogramming glucose metabolism [63]. In addition, it has
been confirmed that miR-33b is an anti-oncogenic miRNA, which in-
hibits non-small cell lung cancer (NSCLC) cell growth by targeting LDHA
through reprogramming glucose metabolism [64]. Moreover,
down-regulated miR-125a-5p has been revealed to promote the
reprogramming of glucose metabolism and cell malignancy by
increasing levels of cd147 in thyroid cancer [65]. Furthermore, Let-7a
has been found to induce metabolic reprogramming in breast cancer
cells via targeting mitochondrial encoded NADH dehydrogenase subunit
4 (ND4) [66].

Therefore, miRNA can be used for cancer reprogramming based
therapeutic agents, such as miR-22 to target TET2 in leukemia (AML and
MDS) in breast cancer, Let-7 to target RAS and HMGA2 in breast cancer,
miR-128 to target BMI-1 in brain cancer, miR-200 to target ZEB1/ZEB2,
BMI-1, and SUZ12 in breast cancer, and some other miRNA in the colon
cancer and prostate cancer have been reported to reduce cancer ma-
lignancy [67-77].

HIFla and c-Myc are onco-proteins which are main regulators
responsible for metabolic reprogramming in cancers. The miRNAs may
also regulate glutamine metabolic enzymes in cancer cells. For instance,
30-50% of invasive breast tumors have reported increased c-Myc [78].
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High expression of c-Myc caused increased requirements of glutamine
for proliferation in breast cancer cells. It has been verified that c-Myc
enhanced glutamine metabolism through increased mitochondrial
glutaminase expression through repression of miR-23 in P-493 B cells
[79]. Inhibition of c-Myc can decrease glutaminase activity, reduce
uptake of both glucose and glutamine, and reduce cell growth [80].
Upregulation of c-Myc could induce mammary cancer in transgenic
mice. MiR-20a, miR-20b, miR-9, and miR-222 have been validated to
contribute to c-Myc-induced mammary carcinogenesis [81]. In the
recent studies, miR-210 have been reported to interact with HIF-1a
whose correlation with hypoxia is a biological phenomenon associated
with tumor aggressiveness. MiR-210 is an oncogenic miRNA and a target
of HIF-1 and —2 [82]. It has also been observed that miR-210 targets the
mRNA that encodes the mitochondrial electron transport chain
component protein succinate dehydrogenase complex subunit D
(SDHD). Decreased expression of SDHD results in an increased stabili-
zation of HIF1a and cancer cell survival [83,84].

In brief, miRNAs have been identified to act as tumor suppressor
miRNAs and oncogenic miRNAs based on their modulating effect on the
expression of their target genes. It has been summarized that miR-34a
can be functional as potent tumor suppressor, CSC cell inhibitor, and
potential anticancer therapeutic [85]. MiR-138 has also been reported to
suppress glioblastoma proliferation through downregulation of CD44
[86]. While miR-21 is one of the mRNAs displaying oncogenic property
and is upregulated in most of the cancers. MiR-21 can be
down-regulated to prevent oncogenic transformation of normal gingival
fibroblasts in oral cancer malignancy [87]. MiR-9-5p has been observed
as an oncogenic miRNA associated with poor prognosis in many ma-
lignancies. For instance, NUMB suppression by miR-9-5p enhances
CD44™" prostate cancer stem cell growth and metastasis [88].

Although there are many studies and improvement, the drug design
and efficacy are still complicated because of the features of RNA oligo-
nucleotides. Challenging characteristics include: (i) degradation by nu-
cleases upon addition into biological systems. (ii) poor cell membrane
penetration. (iii) entrappment in the endosome (iv) poor binding affinity
for complementary sequences. (v) poor delivery to desired target tissues.
(vi) off-target and unwanted toxicities and (vii) activation of innate
immune responses [89-92]. Once these potential obstacles discussed
here are resolved, miRNA therapeutics should show continuing promise
as therapeutic molecules for various types of cancers.

Conclusions

Despite the extensive study on CSCs, cancer metabolism and miRNAs
with interesting results accumulated in the last decades, questions are
still arising. Nevertheless, with technological advances, it is expected
that we will uncover many other unknown aspects of CSCs, glucose
metabolism and miRNA mediated cancer cell reprogramming in cancer
and use them to benefit patient care in the future.

Data availability

All the data during the current study are included in the article or
uploaded as supplementary information.

Funding

This work received no funding.
Ethics approval and consent to participate

The experimental protocols were approved by the Ethics Committee
of the Xingougqiao Street Community Health Service Center. This paper
has not been published elsewhere in whole or in part. All authors have

read and approved the content, and agree to submit it for consideration
for publication in your journal.

Translational Oncology 24 (2022) 101503
CRediT authorship contribution statement

Xue Xiao: Writing — original draft, Writing — review & editing,
Methodology. Hua Chen: Writing — original draft, Writing — review &
editing. Lili Yang: Writing — original draft, Writing — review & editing.
Guoping Xie: Visualization, Data curation. Risa Shimuzu: Writing —
original draft, Writing — review & editing, Methodology, Funding
acquisition, Supervision. Akiko Murai: Writing — original draft, Writing
—review & editing, Methodology, Funding acquisition, Supervision.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

References

[1] T. Reya, S.J. Morrison, M.F. Clarke, I.L. Weissman, Stem cells, cancer, and cancer
stem cells, Nature 414 (6859) (2001) 105-111, https://doi.org/10.1038/
35102167.

[2] X. Lin, Z. Xiao, T. Chen, S.H. Liang, H. Guo, Glucose metabolism on tumor
plasticity, diagnosis, and treatment, Front. Oncol. 10 (2020) 317, https://doi.org/
10.3389/fonc.2020.00317.

[3] H. Li, Z. Feng, M.L. He, Lipid metabolism alteration contributes to and maintains
the properties of cancer stem cells, Theranostics 10 (16) (2020) 7053-7069,
https://doi.org/10.7150/thno.41388.

[4] R.C. Lee, R.L. Feinbaum, V. Ambros, The C. elegans heterochronic gene lin-4
encodes small RNAs with antisense complementarity to lin-14, Cell 75 (5) (1993)
843-854, https://doi.org/10.1016,/0092-8674(93)90529-y.

[5] B. Mansoori, S. Sandoghchian Shotorbani, B. Baradaran, RNA interference and its
role in cancer therapy, Adv. Pharm. Bull. 4 (4) (2014) 313-321, https://doi.org/
10.5681/apb.2014.046.

[6] V. Ambros, The functions of animal microRNAs, Nature 431 (7006) (2004)
350-355, https://doi.org/10.1038/nature02871.

[7] C. Liu, D.G. Tang, MicroRNA regulation of cancer stem cells, Cancer Res. 71 (18)
(2011) 5950-5954, https://doi.org/10.1158/0008-5472.CAN-11-1035.

[8] S.A. Mani, W. Guo, M.J. Liao, E.N. Eaton, A. Ayyanan, A.Y. Zhou, M. Brooks,

F. Reinhard, C.C. Zhang, M. Shipitsin, L.L. Campbell, K. Polyak, C. Brisken, J. Yang,
R.A. Weinberg, The epithelial-mesenchymal transition generates cells with
properties of stem cells, Cell 133 (4) (2008) 704-715, https://doi.org/10.1016/j.
cell.2008.03.027.

[9] T. Yamashita, X.W. Wang, Cancer stem cells in the development of liver cancer,
J. Clin. Invest. 123 (5) (2013) 1911-1918, https://doi.org/10.1172/JCI66024.

[10] D. Kamble, M. Mahajan, R. Dhat, S. Sitasawad, Keap1-Nrf2 pathway regulates
ALDH and contributes to radioresistance in breast cancer stem cells, Cells 10 (1)
(2021), https://doi.org/10.3390/cells10010083.

[11] T. Lapidot, C. Sirard, J. Vormoor, B. Murdoch, T. Hoang, J. Caceres-Cortes,

M. Minden, B. Paterson, M.A. Caligiuri, J.E. Dick, A cell initiating human acute
myeloid leukaemia after transplantation into SCID mice, Nature 367 (6464) (1994)
645-648, https://doi.org/10.1038/367645a0.

[12] B. Bao, A. Ahmad, A.S. Azmi, S. Ali, F.H. Sarkar, Overview of cancer stem cells
(CSCs) and mechanisms of their regulation: implications for cancer therapy, Curr.
Protoc. Pharmacol. 14 (2013) 25, https://doi.org/10.1002/0471141755.
ph1425s61. Chapter 14, Unit 14.

[13] A. Kreso, J.E. Dick, Evolution of the cancer stem cell model, Cell Stem Cell 14 (3)
(2014) 275-291, https://doi.org/10.1016/j.stem.2014.02.006.

[14] S. Saito, Y.C. Lin, Y. Nakamura, R. Eckner, K. Wuputra, K.K. Kuo, C.S. Lin, K.

K. Yokoyama, Potential application of cell reprogramming techniques for cancer
research, Cell. Mol. Life Sci. 76 (1) (2019) 45-65, https://doi.org/10.1007/
s00018-018-2924-7.

[15] V. Cardinale, A. Renzi, G. Carpino, A. Torrice, M.C. Bragazzi, F. Giuliante, A.

M. DeRose, A. Fraveto, P. Onori, C. Napoletano, A. Franchitto, A. Cantafora,

G. Grazi, N. Caporaso, G. D’Argenio, G. Alpini, L.M. Reid, E. Gaudio, D. Alvaro,
Profiles of cancer stem cell subpopulations in cholangiocarcinomas, Am. J. Pathol.
185 (6) (2015) 1724-1739, https://doi.org/10.1016/j.ajpath.2015.02.010.

[16] T. Chiba, K. Kita, Y.W. Zheng, O. Yokosuka, H. Saisho, A. Iwama, H. Nakauchi,
H. Taniguchi, Side population purified from hepatocellular carcinoma cells harbors
cancer stem cell-like properties, Hepatology 44 (1) (2006) 240-251, https://doi.
0rg/10.1002/hep.21227.

[17] T. Ishiguro, H. Ohata, A. Sato, K. Yamawaki, T. Enomoto, K. Okamoto, Tumor-
derived spheroids: relevance to cancer stem cells and clinical applications, Cancer
Sci. 108 (3) (2017) 283-289, https://doi.org/10.1111/cas.13155.

[18] S. Ma, K.W. Chan, T.K. Lee, K.H. Tang, J.Y. Wo, B.J. Zheng, X.Y. Guan, Aldehyde
dehydrogenase discriminates the CD133 liver cancer stem cell populations, Mol.
Cancer Res. 6 (7) (2008) 1146-1153, https://doi.org/10.1158/1541-7786.MCR-
08-0035.

[19] K. Takahashi, K. Tanabe, M. Ohnuki, M. Narita, T. Ichisaka, K. Tomoda,

S. Yamanaka, Induction of pluripotent stem cells from adult human fibroblasts by
defined factors, Cell 131 (5) (2007) 861-872, https://doi.org/10.1016/j.
cell.2007.11.019.


https://doi.org/10.1038/35102167
https://doi.org/10.1038/35102167
https://doi.org/10.3389/fonc.2020.00317
https://doi.org/10.3389/fonc.2020.00317
https://doi.org/10.7150/thno.41388
https://doi.org/10.1016/0092-8674(93)90529-y
https://doi.org/10.5681/apb.2014.046
https://doi.org/10.5681/apb.2014.046
https://doi.org/10.1038/nature02871
https://doi.org/10.1158/0008-5472.CAN-11-1035
https://doi.org/10.1016/j.cell.2008.03.027
https://doi.org/10.1016/j.cell.2008.03.027
https://doi.org/10.1172/JCI66024
https://doi.org/10.3390/cells10010083
https://doi.org/10.1038/367645a0
https://doi.org/10.1002/0471141755.ph1425s61
https://doi.org/10.1002/0471141755.ph1425s61
https://doi.org/10.1016/j.stem.2014.02.006
https://doi.org/10.1007/s00018-018-2924-7
https://doi.org/10.1007/s00018-018-2924-7
https://doi.org/10.1016/j.ajpath.2015.02.010
https://doi.org/10.1002/hep.21227
https://doi.org/10.1002/hep.21227
https://doi.org/10.1111/cas.13155
https://doi.org/10.1158/1541-7786.MCR-08-0035
https://doi.org/10.1158/1541-7786.MCR-08-0035
https://doi.org/10.1016/j.cell.2007.11.019
https://doi.org/10.1016/j.cell.2007.11.019

X. Xiao et al.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

K. Takahashi, S. Yamanaka, Induction of pluripotent stem cells from mouse
embryonic and adult fibroblast cultures by defined factors, Cell 126 (4) (2006)
663-676, https://doi.org/10.1016/j.cell.2006.07.024.

J.E. Carette, J. Pruszak, M. Varadarajan, V.A. Blomen, S. Gokhale, F.D. Camargo,
M. Wernig, R. Jaenisch, T.R. Brummelkamp, Generation of iPSCs from cultured
human malignant cells, Blood 115 (20) (2010) 4039-4042, https://doi.org/
10.1182/blood-2009-07-231845.

N. Miyoshi, H. Ishii, K. Nagai, H. Hoshino, K. Mimori, F. Tanaka, H. Nagano,

M. Sekimoto, Y. Doki, M. Mori, Defined factors induce reprogramming of
gastrointestinal cancer cells, Proc. Natl. Acad. Sci. U. S. A. 107 (1) (2010) 40-45,
https://doi.org/10.1073/pnas.0912407107.

J. Utikal, J.M. Polo, M. Stadtfeld, N. Maherali, W. Kulalert, R.M. Walsh, A. Khalil,
J.G. Rheinwald, K. Hochedlinger, Immortalization eliminates a roadblock during
cellular reprogramming into iPS cells, Nature 460 (7259) (2009) 1145-1148,
https://doi.org/10.1038/nature08285.

V. Ramos-Mejia, M.F. Fraga, P. Menendez, iPSCs from cancer cells: challenges and
opportunities, Trends Mol. Med. 18 (5) (2012) 245-247, https://doi.org/10.1016/
j-molmed.2012.04.001.

A. Van Keymeulen, M.Y. Lee, M. Ousset, S. Brohee, S. Rorive, R.R. Giraddi,

A. Wuidart, G. Bouvencourt, C. Dubois, I. Salmon, C. Sotiriou, W.A. Phillips,

C. Blanpain, Reactivation of multipotency by oncogenic PIK3CA induces breast
tumour heterogeneity, Nature 525 (7567) (2015) 119-123, https://doi.org/
10.1038/nature14665.

S. Bindhya, C. Sidhanth, S. Krishnapriya, M. Garg, T.S. Ganesan, Development and
in vitro characterisation of an induced pluripotent stem cell model of ovarian
cancer, Int. J. Biochem. Cell Biol. 138 (2021), 106051, https://doi.org/10.1016/j.
biocel.2021.106051.

R. Li, Q. He, S. Han, M. Zhang, J. Liu, M. Su, S. Wei, X. Wang, L. Shen, MBD3
inhibits formation of liver cancer stem cells, Oncotarget 8 (4) (2017) 6067-6078,
https://doi.org/10.18632/oncotarget.13496.

N.Y. Frank, T. Schatton, M.H. Frank, The therapeutic promise of the cancer stem
cell concept, J. Clin. Investig. 120 (1) (2010) 41-50, https://doi.org/10.1172/
JCI41004.

H.R. Sun, S. Wang, S.C. Yan, Y. Zhang, P.J. Nelson, H.L. Jia, L.X. Qin, Q.Z. Dong,
Therapeutic strategies targeting cancer stem cells and their microenvironment,
Front. Oncol. 9 (2019) 1104, https://doi.org/10.3389/fonc.2019.01104.

P. Munoz, M.S. Iliou, M. Esteller, Epigenetic alterations involved in cancer stem
cell reprogramming, Mol. Oncol. 6 (6) (2012) 620-636, https://doi.org/10.1016/j.
molonc.2012.10.006.

J.A. Rodriguez-Martinez, K.J. Peterson-Kaufman, A.Z. Ansari, Small-molecule
regulators that mimic transcription factors, Biochim. Biophys. Acta 1799 (10-12)
(2010) 768-774, https://doi.org/10.1016/j.bbagrm.2010.08.010.

E.N. Wainwright, P. Scaffidi, Epigenetics and cancer stem cells: unleashing,
hijacking, and restricting cellular plasticity, Trends Cancer 3 (5) (2017) 372-386,
https://doi.org/10.1016/j.trecan.2017.04.004.

M.V. Liberti, J.W. Locasale, The Warburg effect: how does it benefit cancer cells?
Trends Biochem. Sci. 41 (3) (2016) 211-218, https://doi.org/10.1016/j.
tibs.2015.12.001.

S. Papa, P.M. Choy, C. Bubici, The ERK and JNK pathways in the regulation of
metabolic reprogramming, Oncogene 38 (13) (2019) 2223-2240, https://doi.org/
10.1038/541388-018-0582-8.

C. Schiliro, B.L. Firestein, Mechanisms of metabolic reprogramming in cancer cells
supporting enhanced growth and proliferation, Cells 10 (5) (2021), https://doi.
org/10.3390/cells10051056.

M. Cargnello, P.P. Roux, Activation and function of the MAPKs and their
substrates, the MAPK-activated protein kinases, Microbiol. Mol. Biol. Rev. 75 (1)
(2011) 50-83, https://doi.org/10.1128/MMBR.00031-10.

M. Raman, W. Chen, M.H. Cobb, Differential regulation and properties of MAPKs,
Oncogene 26 (22) (2007) 3100-3112, https://doi.org/10.1038/sj.onc.1210392.
W. Yang, Y. Zheng, Y. Xia, H. Ji, X. Chen, F. Guo, C.A. Lyssiotis, K. Aldape, L.

C. Cantley, Z. Lu, ERK1/2-dependent phosphorylation and nuclear translocation of
PKM2 promotes the Warburg effect, Nat. Cell Biol. 14 (12) (2012) 1295-1304,
https://doi.org/10.1038/ncb2629.

R. Du, W. Shen, Y. Liu, W. Gao, W. Zhou, J. Li, S. Zhao, C. Chen, Y. Chen, Y. Liu,
P. Sun, R. Xiang, Y. Shi, Y. Luo, TGIF2 promotes the progression of lung
adenocarcinoma by bridging EGFR/RAS/ERK signaling to cancer cell stemness,
Signal Transduct. Target Ther. 4 (2019) 60, https://doi.org/10.1038/541392-019-
0098-x.

C.V. Dang, J.W. Kim, P. Gao, J. Yustein, The interplay between MYC and HIF in
cancer, Nat. Rev. Cancer 8 (1) (2008) 51-56, https://doi.org/10.1038/nrc2274.
S.H. Lee, L.L. Hu, J. Gonzalez-Navajas, G.S. Seo, C. Shen, J. Brick, S. Herdman,
N. Varki, M. Corr, J. Lee, E. Raz, ERK activation drives intestinal tumorigenesis in
Apc(min/+) mice, Nat. Med. 16 (6) (2010) 665-670, https://doi.org/10.1038/
nm.2143.

H. Shim, C. Dolde, B.C. Lewis, C.S. Wu, G. Dang, R.A. Jungmann, R. Dalla-Favera,
C.V. Dang, c-Myc transactivation of LDH-A: implications for tumor metabolism and
growth, Proc. Natl. Acad. Sci. U. S. A. 94 (13) (1997) 6658-6663, https://doi.org/
10.1073/pnas.94.13.6658.

Q.P. Liu, Q. Luo, B. Deng, Y. Ju, G.B. Song, Stiffer matrix accelerates migration of
hepatocellular carcinoma cells through enhanced aerobic glycolysis via the MAPK-
YAP signaling, Cancers (Basel) 12 (2) (2020), https://doi.org/10.3390/
cancers12020490.

G. Gao, C. Li, W. Fan, M. Zhang, X. Li, W. Chen, W. Li, R. Liang, Z. Li, X. Zhu,
Brilliant glycans and glycosylation: seq and ye shall find, Int. J. Biol. Macromol.
189 (2021) 279-291, https://doi.org/10.1016/j.ijbiomac.2021.08.054.

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

Translational Oncology 24 (2022) 101503

D. Hanahan, R.A. Weinberg, Hallmarks of cancer: the next generation, Cell 144 (5)
(2011) 646-674, https://doi.org/10.1016/j.cell.2011.02.013.

A.J. Levine, A.M. Puzio-Kuter, The control of the metabolic switch in cancers by
oncogenes and tumor suppressor genes, Science 330 (6009) (2010) 1340-1344,
https://doi.org/10.1126/science.1193494.

S.S. Gambhir, Molecular imaging of cancer with positron emission tomography,
Nat. Rev. Cancer 2 (9) (2002) 683-693, https://doi.org/10.1038/nrc882.

W. Wadsak, M. Mitterhauser, Basics and principles of radiopharmaceuticals for
PET/CT, Eur. J. Radiol. 73 (3) (2010) 461-469, https://doi.org/10.1016/j.
ejrad.2009.12.022.

W. Guo, Z. Qiu, Z. Wang, Q. Wang, N. Tan, T. Chen, Z. Chen, S. Huang, J. Gu, J. Li,
M. Yao, Y. Zhao, X. He, MiR-199a-5p is negatively associated with malignancies
and regulates glycolysis and lactate production by targeting hexokinase 2 in liver
cancer, Hepatology 62 (4) (2015) 1132-1144, https://doi.org/10.1002/
hep.27929.

H.B. Liu, Y. Hua, Z.X. Jin, Effects of MicroRNA-132 transfection on the
proliferation and apoptosis of human liver cancer cells in vitro and in vivo,
Zhongguo Yi Xue Ke Xue Yuan Xue Bao 37 (1) (2015) 30-36, https://doi.org/
10.3881/j.issn.1000-503X.2015.01.006.

Z. Fasoulakis, G. Daskalakis, M. Diakosavvas, I. Papapanagiotou, M. Theodora,
A. Bourazan, D. Alatzidou, A. Pagkalos, E.N. Kontomanolis, MicroRNAs
determining carcinogenesis by regulating oncogenes and tumor suppressor genes
during cell cycle, Microrna 9 (2) (2020) 82-92, https://doi.org/10.2174/
2211536608666190919161849.

B. John, A.J. Enright, A. Aravin, T. Tuschl, C. Sander, D.S. Marks, Human
MicroRNA targets, PLoS Biol. 2 (11) (2004) e363, https://doi.org/10.1371/
journal.pbio.0020363.

P. Ullmann, M. Nurmik, R. Begaj, S. Haan, E. Letellier, Hypoxia- and MicroRNA-
induced metabolic reprogramming of tumor-initiating cells, Cells 8 (6) (2019),
https://doi.org/10.3390/cells8060528.

U. Burk, J. Schubert, U. Wellner, O. Schmalhofer, E. Vincan, S. Spaderna,

T. Brabletz, A reciprocal repression between ZEB1 and members of the miR-200
family promotes EMT and invasion in cancer cells, EMBO Rep. 9 (6) (2008)
582-589, https://doi.org/10.1038/embor.2008.74.

Y.J. Choi, C.P. Lin, J.J. Ho, X. He, N. Okada, P. Bu, Y. Zhong, S.Y. Kim, M.

J. Bennett, C. Chen, A. Ozturk, G.G. Hicks, G.J. Hannon, L. He, miR-34 miRNAs
provide a barrier for somatic cell reprogramming, Nat. Cell Biol. 13 (11) (2011)
1353-1360, https://doi.org/10.1038/ncb2366.

L. He, X. He, L.P. Lim, E. de Stanchina, Z. Xuan, Y. Liang, W. Xue, L. Zender,

J. Magnus, D. Ridzon, A.L. Jackson, P.S. Linsley, C. Chen, S.W. Lowe, M.A. Cleary,
G.J. Hannon, A microRNA component of the p53 tumour suppressor network,
Nature 447 (7148) (2007) 1130-1134, https://doi.org/10.1038/nature05939.

H. Hermeking, p53 enters the microRNA world, Cancer Cell 12 (5) (2007)
414-418, https://doi.org/10.1016/j.ccr.2007.10.028.

M.V. Joglekar, D. Patil, V.M. Joglekar, G.V. Rao, D.N. Reddy, S. Mitnala,

Y. Shouche, A.A. Hardikar, The miR-30 family microRNAs confer epithelial
phenotype to human pancreatic cells, Islets 1 (2) (2009) 137-147, https://doi.org/
10.4161/is1.1.2.9578.

S.L. Lin, D.C. Chang, S. Chang-Lin, C.H. Lin, D.T. Wu, D.T. Chen, S.Y. Ying, Mir-302
reprograms human skin cancer cells into a pluripotent ES-cell-like state, RNA 14
(10) (2008) 2115-2124, https://doi.org/10.1261/rna.1162708.

H. Tazawa, N. Tsuchiya, M. Izumiya, H. Nakagama, Tumor-suppressive miR-34a
induces senescence-like growth arrest through modulation of the E2F pathway in
human colon cancer cells, Proc. Natl. Acad. Sci. U. S. A. 104 (39) (2007)
15472-15477, https://doi.org/10.1073/pnas.0707351104.

J. Zhang, H. Zhang, J. Liu, X. Tu, Y. Zang, J. Zhu, J. Chen, L. Dong, J. Zhang, miR-
30 inhibits TGF-betal-induced epithelial-to-mesenchymal transition in hepatocyte
by targeting Snaill, Biochem. Biophys. Res. Commun. 417 (3) (2012) 1100-1105,
https://doi.org/10.1016/j.bbrc.2011.12.121.

X. Zhong, N. Li, S. Liang, Q. Huang, G. Coukos, L. Zhang, Identification of
microRNAs regulating reprogramming factor LIN28 in embryonic stem cells and
cancer cells, J. Biol. Chem. 285 (53) (2010) 41961-41971, https://doi.org/
10.1074/jbc.M110.169607.

H.F. Zhang, Y.C. Wang, Y.D. Han, MicroRNA34a inhibits liver cancer cell growth
by reprogramming glucose metabolism, Mol. Med. Rep. 17 (3) (2018) 4483-4489,
https://doi.org/10.3892/mmr.2018.8399.

S. Zhai, L. Zhao, T. Lin, W. Wang, Downregulation of miR-33b promotes non-small
cell lung cancer cell growth through reprogramming glucose metabolism miR-33b
regulates non-small cell lung cancer cell growth, J. Cell Biochem. 120 (4) (2019)
6651-6660, https://doi.org/10.1002/jcb.27961.

P. Huang, L.F. Mao, Z.P. Zhang, W.W. Lv, X.P. Feng, H.J. Liao, C. Dong, B. Kaluba,
X.F. Tang, S. Chang, Down-regulated miR-125a-5p promotes the reprogramming of
glucose metabolism and cell malignancy by increasing levels of CD147 in thyroid
cancer, Thyroid 28 (5) (2018) 613-623, https://doi.org/10.1089/thy.2017.0401.
P. Sharma, V. Sharma, T.S. Ahluwalia, N. Dogra, S. Kumar, S. Singh, Let-7a induces
metabolic reprogramming in breast cancer cells via targeting mitochondrial
encoded ND4, Cancer Cell Int. 21 (1) (2021) 629, https://doi.org/10.1186/
512935-021-02339-3.

N. Bitarte, E. Bandres, V. Boni, R. Zarate, J. Rodriguez, M. Gonzalez-Huarriz,

1. Lopez, J.J. Sola, M.M. Alonso, P. Fortes, J. Garcia-Foncillas, MicroRNA-451 is
involved in the self-renewal, tumorigenicity, and chemoresistance of colorectal
cancer stem cells, Stem Cells 29 (11) (2011) 1661-1671, https://doi.org/10.1002/
stem.741.

P. By, K.Y. Chen, J.H. Chen, L. Wang, J. Walters, Y.J. Shin, J.P. Goerger, J. Sun,
M. Witherspoon, N. Rakhilin, J. Li, H. Yang, J. Milsom, S. Lee, W. Zipfel, M.M. Jin,
Z.H. Gumus, S.M. Lipkin, X. Shen, A microRNA miR-34a-regulated bimodal switch


https://doi.org/10.1016/j.cell.2006.07.024
https://doi.org/10.1182/blood-2009-07-231845
https://doi.org/10.1182/blood-2009-07-231845
https://doi.org/10.1073/pnas.0912407107
https://doi.org/10.1038/nature08285
https://doi.org/10.1016/j.molmed.2012.04.001
https://doi.org/10.1016/j.molmed.2012.04.001
https://doi.org/10.1038/nature14665
https://doi.org/10.1038/nature14665
https://doi.org/10.1016/j.biocel.2021.106051
https://doi.org/10.1016/j.biocel.2021.106051
https://doi.org/10.18632/oncotarget.13496
https://doi.org/10.1172/JCI41004
https://doi.org/10.1172/JCI41004
https://doi.org/10.3389/fonc.2019.01104
https://doi.org/10.1016/j.molonc.2012.10.006
https://doi.org/10.1016/j.molonc.2012.10.006
https://doi.org/10.1016/j.bbagrm.2010.08.010
https://doi.org/10.1016/j.trecan.2017.04.004
https://doi.org/10.1016/j.tibs.2015.12.001
https://doi.org/10.1016/j.tibs.2015.12.001
https://doi.org/10.1038/s41388-018-0582-8
https://doi.org/10.1038/s41388-018-0582-8
https://doi.org/10.3390/cells10051056
https://doi.org/10.3390/cells10051056
https://doi.org/10.1128/MMBR.00031-10
https://doi.org/10.1038/sj.onc.1210392
https://doi.org/10.1038/ncb2629
https://doi.org/10.1038/s41392-019-0098-x
https://doi.org/10.1038/s41392-019-0098-x
https://doi.org/10.1038/nrc2274
https://doi.org/10.1038/nm.2143
https://doi.org/10.1038/nm.2143
https://doi.org/10.1073/pnas.94.13.6658
https://doi.org/10.1073/pnas.94.13.6658
https://doi.org/10.3390/cancers12020490
https://doi.org/10.3390/cancers12020490
https://doi.org/10.1016/j.ijbiomac.2021.08.054
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1126/science.1193494
https://doi.org/10.1038/nrc882
https://doi.org/10.1016/j.ejrad.2009.12.022
https://doi.org/10.1016/j.ejrad.2009.12.022
https://doi.org/10.1002/hep.27929
https://doi.org/10.1002/hep.27929
https://doi.org/10.3881/j.issn.1000-503X.2015.01.006
https://doi.org/10.3881/j.issn.1000-503X.2015.01.006
https://doi.org/10.2174/2211536608666190919161849
https://doi.org/10.2174/2211536608666190919161849
https://doi.org/10.1371/journal.pbio.0020363
https://doi.org/10.1371/journal.pbio.0020363
https://doi.org/10.3390/cells8060528
https://doi.org/10.1038/embor.2008.74
https://doi.org/10.1038/ncb2366
https://doi.org/10.1038/nature05939
https://doi.org/10.1016/j.ccr.2007.10.028
https://doi.org/10.4161/isl.1.2.9578
https://doi.org/10.4161/isl.1.2.9578
https://doi.org/10.1261/rna.1162708
https://doi.org/10.1073/pnas.0707351104
https://doi.org/10.1016/j.bbrc.2011.12.121
https://doi.org/10.1074/jbc.M110.169607
https://doi.org/10.1074/jbc.M110.169607
https://doi.org/10.3892/mmr.2018.8399
https://doi.org/10.1002/jcb.27961
https://doi.org/10.1089/thy.2017.0401
https://doi.org/10.1186/s12935-021-02339-3
https://doi.org/10.1186/s12935-021-02339-3
https://doi.org/10.1002/stem.741
https://doi.org/10.1002/stem.741

X. Xiao et al.

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[771

[78]

[79]

[80]

targets Notch in colon cancer stem cells, Cell Stem Cell 12 (5) (2013) 602-615,
https://doi.org/10.1016/j.stem.2013.03.002.

J. Godlewski, M.O. Nowicki, A. Bronisz, S. Williams, A. Otsuki, G. Nuovo,

A. Raychaudhury, H.B. Newton, E.A. Chiocca, S. Lawler, Targeting of the Bmi-1
oncogene/stem cell renewal factor by microRNA-128 inhibits glioma proliferation
and self-renewal, Cancer Res. 68 (22) (2008) 9125-9130, https://doi.org/
10.1158/0008-5472.CAN-08-2629.

D. Iliopoulos, M. Lindahl-Allen, C. Polytarchou, H.A. Hirsch, P.N. Tsichlis,

K. Struhl, Loss of miR-200 inhibition of Suz12 leads to polycomb-mediated
repression required for the formation and maintenance of cancer stem cells, Mol.
Cell 39 (5) (2010) 761-772, https://doi.org/10.1016/j.molcel.2010.08.013.

D. Iliopoulos, A. Rotem, K. Struhl, Inhibition of miR-193a expression by Max and
RXRalpha activates K-Ras and PLAU to mediate distinct aspects of cellular
transformation, Cancer Res. 71 (15) (2011) 5144-5153, https://doi.org/10.1158/
0008-5472.CAN-11-0425.

C. Liu, K. Kelnar, B. Liu, X. Chen, T. Calhoun-Davis, H. Li, L. Patrawala, H. Yan,
C. Jeter, S. Honorio, J.F. Wiggins, A.G. Bader, R. Fagin, D. Brown, D.G. Tang, The
microRNA miR-34a inhibits prostate cancer stem cells and metastasis by directly
repressing CD44, Nat. Med. 17 (2) (2011) 211-215, https://doi.org/10.1038/
nm.2284.

Y. Shimono, M. Zabala, R.W. Cho, N. Lobo, P. Dalerba, D. Qian, M. Diehn, H. Liu, S.
P. Panula, E. Chiao, F.M. Dirbas, G. Somlo, R.A. Pera, K. Lao, M.F. Clarke,
Downregulation of miRNA-200c links breast cancer stem cells with normal stem
cells, Cell 138 (3) (2009) 592-603, https://doi.org/10.1016/j.cell.2009.07.011.
S.J. Song, L. Poliseno, M.S. Song, U. Ala, K. Webster, C. Ng, G. Beringer, N.

J. Brikbak, X. Yuan, L.C. Cantley, A.L. Richardson, P.P. Pandolfi, MicroRNA-
antagonism regulates breast cancer stemness and metastasis via TET-family-
dependent chromatin remodeling, Cell 154 (2) (2013) 311-324, https://doi.org/
10.1016/j.cell.2013.06.026.

Y.Y. Wy, Y.L. Chen, Y.C. Jao, L.S. Hsieh, K.C. Chang, T.M. Hong, miR-320 regulates
tumor angiogenesis driven by vascular endothelial cells in oral cancer by silencing
neuropilin 1, Angiogenesis 17 (1) (2014) 247-260, https://doi.org/10.1007/
5§10456-013-9394-1.

P.A. Gregory, A.G. Bert, E.L. Paterson, S.C. Barry, A. Tsykin, G. Farshid, M.

A. Vadas, Y. Khew-Goodall, G.J. Goodall, The miR-200 family and miR-205
regulate epithelial to mesenchymal transition by targeting ZEB1 and SIP1, Nat. Cell
Biol. 10 (5) (2008) 593-601, https://doi.org/10.1038/ncb1722.

F. Yu, H. Yao, P. Zhu, X. Zhang, Q. Pan, C. Gong, Y. Huang, X. Hu, F. Su,

J. Lieberman, E. Song, let-7 regulates self renewal and tumorigenicity of breast
cancer cells, Cell 131 (6) (2007) 1109-1123, https://doi.org/10.1016/j.
cell.2007.10.054.

Y. Fallah, J. Brundage, P. Allegakoen, A.N. Shajahan-Haq, MYC-driven pathways in
breast cancer subtypes, Biomolecules 7 (3) (2017), https://doi.org/10.3390/
biom7030053.

P. Gao, L. Tchernyshyov, T.C. Chang, Y.S. Lee, K. Kita, T. Ochi, K.I. Zeller, A.M. De
Marzo, J.E. Van Eyk, J.T. Mendell, C.V. Dang, c-Myc suppression of miR-23a/b
enhances mitochondrial glutaminase expression and glutamine metabolism,
Nature 458 (7239) (2009) 762-765, https://doi.org/10.1038/nature07823.

F.R. Dejure, M. Eilers, MYC and tumor metabolism: chicken and egg, EMBO J. 36
(23) (2017) 3409-3420, https://doi.org/10.15252/embj.201796438.

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

Translational Oncology 24 (2022) 101503

V. Pourteimoor, M. Paryan, S. Mohammadi-Yeganeh, microRNA as a systemic
intervention in the specific breast cancer subtypes with C-MYC impacts;
introducing subtype-based appraisal tool, J. Cell Physiol. 233 (8) (2018)
5655-5669, https://doi.org/10.1002/jcp.26399.

H.E. Gee, C. Ivan, G.A. Calin, M. Ivan, HypoxamiRs and cancer: from biology to
targeted therapy, Antioxid. Redox Signal. 21 (8) (2014) 1220-1238, https://doi.
org/10.1089/ars.2013.5639.

M.P. Puissegur, N.M. Mazure, T. Bertero, L. Pradelli, S. Grosso, K. Robbe-
Sermesant, T. Maurin, K. Lebrigand, B. Cardinaud, V. Hofman, S. Fourre,

V. Magnone, J.E. Ricci, J. Pouyssegur, P. Gounon, P. Hofman, P. Barbry, B. Mari,
miR-210 is overexpressed in late stages of lung cancer and mediates mitochondrial
alterations associated with modulation of HIF-1 activity, Cell Death Differ. 18 (3)
(2011) 465-478, https://doi.org/10.1038/cdd.2010.119.

R. Rupaimoole, C. Ivan, D. Yang, K.M. Gharpure, S.Y. Wu, C.V. Pecot, R.A. Previs,
A.S. Nagaraja, G.N. Armaiz-Pena, M. McGuire, S. Pradeep, L.S. Mangala,

C. Rodriguez-Aguayo, L. Huang, M. Bar-Eli, W. Zhang, G. Lopez-Berestein, G.

A. Calin, A.K. Sood, Hypoxia-upregulated microRNA-630 targets Dicer, leading to
increased tumor progression, Oncogene 35 (33) (2016) 4312-4320, https://doi.
org/10.1038/0nc.2015.492.

W.J. Li, Y. Wang, R. Liu, A.L. Kasinski, H. Shen, F.J. Slack, D.G. Tang, MicroRNA-
34a: potent tumor suppressor, cancer stem cell inhibitor, and potential anticancer
therapeutic, Front. Cell Dev. Biol. 9 (2021), 640587, https://doi.org/10.3389/
fcell.2021.640587.

M. Yeh, Y.Y. Wang, J.Y. Yoo, C. Oh, Y. Otani, J.M. Kang, E.S. Park, E. Kim,

S. Chung, Y.J. Jeon, G.A. Calin, B. Kaur, Z. Zhao, T.J. Lee, MicroRNA-138
suppresses glioblastoma proliferation through downregulation of CD44, Sci. Rep.
11 (1) (2021) 9219, https://doi.org/10.1038/s41598-021-88615-8.

J.H. Chen, A.T.H. Wu, O.A. Bamodu, V.K. Yadav, T.Y. Chao, Y.M. Tzeng,

D. Mukhopadhyay, M. Hsiao, J.C. Lee, Ovatodiolide suppresses oral cancer
malignancy by down-regulating exosomal mir-21/STAT3/beta-catenin cargo and
preventing oncogenic transformation of normal gingival fibroblasts, Cancers
(Basel) 12 (1) (2019), https://doi.org/10.3390/cancers12010056.

X. Wang, J. Cai, L. Zhao, D. Zhang, G. Xu, J. Hu, T. Zhang, M. Jin, NUMB
suppression by miR-9-5P enhances CD44(+) prostate cancer stem cell growth and
metastasis, Sci. Rep. 11 (1) (2021) 11210, https://doi.org/10.1038/541598-021-
90700-x.

R. Denzler, S.E. McGeary, A.C. Title, V. Agarwal, D.P. Bartel, M. Stoffel, Impact of
MicroRNA levels, target-site complementarity, and cooperativity on competing
endogenous RNA-regulated gene expression, Mol. Cell 64 (3) (2016) 565-579,
https://doi.org/10.1016/j.molcel.2016.09.027.

Z. Meng, M. Lu, RNA interference-induced innate immunity, off-target effect, or
immune adjuvant? Front. Immunol. 8 (2017) 331, https://doi.org/10.3389/
fimmu.2017.00331.

S.R. Paliwal, R. Paliwal, S.P. Vyas, A review of mechanistic insight and application
of pH-sensitive liposomes in drug delivery, Drug Deliv. 22 (3) (2015) 231-242,
https://doi.org/10.3109/10717544.2014.882469.

Z. Zhang, Y.W. Qin, G. Brewer, Q. Jing, MicroRNA degradation and turnover:
regulating the regulators, Wiley Interdiscip. Rev. RNA 3 (4) (2012) 593-600,
https://doi.org/10.1002/wrna.1114.


https://doi.org/10.1016/j.stem.2013.03.002
https://doi.org/10.1158/0008-5472.CAN-08-2629
https://doi.org/10.1158/0008-5472.CAN-08-2629
https://doi.org/10.1016/j.molcel.2010.08.013
https://doi.org/10.1158/0008-5472.CAN-11-0425
https://doi.org/10.1158/0008-5472.CAN-11-0425
https://doi.org/10.1038/nm.2284
https://doi.org/10.1038/nm.2284
https://doi.org/10.1016/j.cell.2009.07.011
https://doi.org/10.1016/j.cell.2013.06.026
https://doi.org/10.1016/j.cell.2013.06.026
https://doi.org/10.1007/s10456-013-9394-1
https://doi.org/10.1007/s10456-013-9394-1
https://doi.org/10.1038/ncb1722
https://doi.org/10.1016/j.cell.2007.10.054
https://doi.org/10.1016/j.cell.2007.10.054
https://doi.org/10.3390/biom7030053
https://doi.org/10.3390/biom7030053
https://doi.org/10.1038/nature07823
https://doi.org/10.15252/embj.201796438
https://doi.org/10.1002/jcp.26399
https://doi.org/10.1089/ars.2013.5639
https://doi.org/10.1089/ars.2013.5639
https://doi.org/10.1038/cdd.2010.119
https://doi.org/10.1038/onc.2015.492
https://doi.org/10.1038/onc.2015.492
https://doi.org/10.3389/fcell.2021.640587
https://doi.org/10.3389/fcell.2021.640587
https://doi.org/10.1038/s41598-021-88615-8
https://doi.org/10.3390/cancers12010056
https://doi.org/10.1038/s41598-021-90700-x
https://doi.org/10.1038/s41598-021-90700-x
https://doi.org/10.1016/j.molcel.2016.09.027
https://doi.org/10.3389/fimmu.2017.00331
https://doi.org/10.3389/fimmu.2017.00331
https://doi.org/10.3109/10717544.2014.882469
https://doi.org/10.1002/wrna.1114

	Concise review: Cancer cell reprogramming and therapeutic implications
	Introduction
	Reprogramming into CSCs
	Metabolic reprogramming
	MiRNA mediated cancer cell reprogramming: emerging alternatives
	Conclusions
	Data availability
	Funding
	Ethics approval and consent to participate
	CRediT authorship contribution statement
	Declaration of Competing Interest
	References


