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ABSTRACT

Although the notion that cancerous cells cannot revert to their original and healthy states is widely accepted, this idea might
no longer be valid. My team reported a noteworthy function of hsa-miR-520d-5p (520d-5p), such as the induction of
demethylation, CD105 upregulation, and P53 upregulation, via stemness mediated-mechanism in cancer cells as well as
normal cells. Also, we described presumably key roles for p53, AIDA, Nanog, and the 520d-5p target genes, including
ELAVL2, TEADI, SBF2, PUM2, GATAD2B, and SEHIL, in a benign conversion process, in which human hepatoma cells
were converted to healthy/benign phenotypes via stemness induction, resulting in a reversal of malignancy in vivo. We
showed that this small molecule induced spheroid formation with CD105 positivity in fibroblasts and we also confirmed the
therapeutic effect of inducing 520d-5p in lethally UV-damaged fibroblasts. Subsequently, through next-generation
sequencing analysis in hepatoma cells and human iPSC-derivative cells in pre-mesenchymal stem cell status, we confirmed
the restoration of a single nucleotide mutation in diverse genes involved in gene expression by inducing 520d-5p and
confirmed the alterations in metabolites using both genome-wide and individual gene function approaches. 520d-5p induced
a shift toward a wild type or non-malignant phenotype, which was regulated by nucleotide mutations in both hepatoma cells
(HLF) and human induced pluripotent stem cells (hiPSCs). Furthermore, 520d-5p reduced mutation levels in both the whole
genome and genomic fragment assemblies, although the genomic mutations in cancer cells could not be repaired in most
contexts. These findings suggest that the development of novel applications of 520d-5p would enhance cancer or antiaging
research and contribute to the qualitative improvement of hiPSCs or their derivatives, including human mesenchymal stem
cells (hMSCs), used in regenerative medicine.
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INTRODUCTION

Human microRNAs (miRNAs) have diverse biological
functions, and play a role in nearly every biological process.
We have scattered more than 7000 reports on miRNA
published since 2010, and we observed a rapid increase in
the number of reports published in the past 2 to 3 years on
the reprogramming effects of miRNAs. We were the first in
the world to report that miR-520d-5p (520d-5p) caused
undifferentiated cancer cells to adopt benign or healthy
status in vivo via demethylation and P53 up regulation [1].
My team further found that 520d-5p causes normal cells
(fibroblasts) to extend their lifespan and mesenchymal stem
cell-like status with CD105 positivity [2]. DNA that has
undergone fragmentation can be restored to its original
status such that damaged cells can survive [3]. Although we
hypothesized that ectopic 520d-5p expression reduced
mutations  through the synergistic modulation of
methylation-related enzymatic expression, next-generation

sequencing (NGS) analysis partly clarified the mechanism
underlying the phenomena [4]. Mutations in the genome
could be converted to the wild type, suggesting the
feasibility of applying the mechanism to anti-cancer therapy,
anti-aging therapy including brain aging or blood vessel
aging, and regenerative medicine. Here, we present a
summary of recent findings that deserve attention with
respect to miRNAs, and we review the possible functions of
miRNA and directions for the application of the associated
science.
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REVIEW

Nowadays researchers in the world are examining the
projects covering new approaches for small molecule drug
discovery and optimization. It has been reported that
miRNAs are associated with the biology of cancer, anti-
cancer activities, metastasis, and the improvement of the
tumor environment. We hereby introduce miRNAs which
play major parts in the application for anti-cancer, anti-
aging, reprogramming, and the conversion to stemness
status, including our projects, among the many articles
published.

CANCER

It has been reported that miRNAs reprogram fibroblasts to
become cancer associated fibroblasts (CAFs); therefore, the
mechanisms underlying carcinogenesis caused by oncomiR
and the anti-cancer effect of suppressor miR have been
investigated [5]. Androgen signalling is associated with the
function of miRNA, including expressive heterogeneity in
prostate cancer progression [6,7]. In colorectal cancer, there
is evidence to suggest that miRNAs contribute to several
aspects of tumorigenesis and that inhibition of highly
expressed miRNAs or their replacement by miRNAs with
reduced expression could become treatment strategies [8].
Metabolome profiles have shown that cancer-specific
enzymatic changes and miRNAs regulate the action of
methionine aminopeptidase or N-myristoyltransferase [9].
miRNAs play a crucial role in the expression of tumor
suppressor genes. TP63, a member of the TP53 family, is
also involved in these functions and is both physically and
functionally connected with STAT3, which is an important
regulator of both healthy stem cells and cancer stem cells
[10]. miRNAs in particular are integral components of the
TP53 network, regulating multiple p53-controlled biological
processes to modulate the differentiation and self-renewal
potential of stem cells [11]. Loss of X Inactive Specific
Transcript (XIST) also augmented the secretion of exosomal
miRNA-503, which triggered MI1/M2 polarization of
microglia. This M1/M2 conversion upregulated immune
suppressive cytokines in microglia, resulting in suppressed
T-cell proliferation [12]. miIRNAs seem to be closely
associated with the TP53 and SIRT families. We previously
reported that 520d-5p up regulates the expression of TP53
and SIRT 1, inducing an anti-cancer effect and converting
cells to a nonmalignant status [13-15] (Figures 1 and 2).

Metabolome analysis (heat map) revealed metabolomic
changes from cancer status to non-cancer status 7 days later
than transfection with 520d-5p. On Day 5, almost all the
metabolites were shut down and reset. Transfectants (circled
in red) showed an entirely different profile compared with
that of parental cancer cells (circled in blue) in metabolites.
5D and 7D: 5 and 7 days after transfection. R1 and R2:
transfectants sorted using pluripotent markers (they cannot
give rise to any malignant tumors).
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ANTI-AGING AND REPROGRAMMING

There have been numerous reports of the reprogramming of
fibroblasts by miRNA. Several pro- and anti-aging factors
have been identified and many miRNAs (including miR-17,
miR-125b and miR-181 family members) have been linked
with the age-dependent dysregulation associated with
various physiological processes [16]. Natural products, or
nutraceuticals, can elicit anti-aging, anti-cancer, and other
health-enhancing effects. A key target of the effects of
natural products is the regulation of miRNA expression,
which can result in cell death or help prevents aging and
many diseases. The effects were involved in the expression
of TP53/miR-34a/SIRT-1 axis induced by natural products
(resveratrol, curcumin, etc). For example, the down
regulation of miR-34, 145, and 200c can inhibit an aging or
apoptosis [17]. Recently, nicotinamide mononucleotide
(NMN) was shown to potentially regulate miRNA-regulated
anti-aging mechanisms, and NAD+ booster treatments and
sirtuin activators could be harnessed for the development of
new pharmacological approaches for the prevention and
treatment of age-related vascular diseases [18]. Many
miRNAs are linked with the age-dependent dysregulations
of various physiological processes, including stem cell
aging. All miR-17, miR-125b, and miR-181 family members
are down regulated in various old tissue stem cells (TSCs),
and their down regulation suppresses cytogenesis,
proliferation, and secretion of homeostatic factors, while
promoting inflammation and tumorigenesis [16]. The
knockdown of miR-124 results in cephalic regeneration
phenotypes, such as in the brain and visual systems.
Furthermore, the concentration of reactive oxygen species
(ROS) can modulate TGF-§ activation, which in turn down
regulates two types of miRNAs (miR-200 and miR-302).
Surprisingly, these two miRNAs maintain pluripotency,
while they are down regulated during the acquirement of a
specific cellular phenotype. Hypoxia can deeply influence
stem cell behavior by inducing the appearance of specific
phenotypes as well as the direct reprogramming of somatic
cells [19].

Exosomes produced by local fibroblasts in the muscles of
individuals with Duchenne muscular dystrophy (DMD) can
induce the phenotypic conversion of healthy fibroblasts to
myofibroblasts, thereby increasing the fibrotic response [20].
The conversion of myeloid to fibroblast-like cells is
impaired in wounds of individuals with diabetes. During
cross-talk between keratinocytes and myeloid cells, miR-21
packaged in extracellular vesicles (EV) is required for cell
conversion [21]. A combination of miRNAs 1, 133, 208, and
499 is capable of inducing direct cellular reprogramming of
fibroblasts to cardiomyocyte-like cells in vitro [22]. The
restoration of tissue homeostasis by controlling stem cell
aging is a promising therapeutic approach for geriatric
disorders [16]. The expression of miR-9/9* and miR-124
(miR-9/9*-124) in human fibroblasts induces their
conversion into neurons, a process facilitated by NEUROD2,
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Figure 1. 520d-5p can induce undifferentiated hepatoma cells to stem cell populations, including iPSCs or MSCs.

a: 520d-HLF cells were intraperitoneally injected into immunodeficient mice (n = 20), which were euthanized 8 weeks later.
Three mice presented with macroscopic dermoid cysts, also known as benign mature teratomas. The yellow circle indicates
the location of one of these in a mouse; b: Mock-HLF cells formed intraperitoneal nodules in all mice (white arrows).
Hematoxylin Eosin (HE) staining (40x magnification) of a representative nodule was histologically identical to that observed
with HLF cells; ¢: Representative dermoid cyst (top) and liver tissue specimen (bottom) resected from mice were placed on a
glass slide and stained with HE; d: White arrows indicate the epidermis, sudoriferous glands, and sebaceous glands in the
dermoid cyst (HE, 200x magnification; left and second from left). One of the eight mice formed subcutaneous liver tissue in
the abdominal wall (c; bottom). Normal liver tissue with hepatic cell cords (second from right; 400x magnification), a central
vein, and bile duct (right, 200x magnification) were observed (white arrows); e: Green fluorescent protein (GFP) expression
was confirmed in teratomas and liver tissue resected from mice. HLF cells were successfully transfected with GFP and 520d-
5p, and GFP expression was maintained in the developing tissues. Left: HE staining, right: GFP expression.

HLF: undifferentiated type of hepatoma cell line, 520d-HLF: 520d-5p-transfectants, Mock-HLF: vacant vector-transfectants.

through compositional changes of SWI/SNF-like BAF can mobilize them from differentiated to undifferentiated
chromatin-remodeling complexes [23]. Tissue repair and cell types.

gflge‘:izrrz“a?atreéf;ct"n ;ilte trf;l;’sfr‘i"ﬁi;fai‘niijss’ﬂ;’l‘;lifl"“lﬁ In fibroblasts (NHDH-Ad: adult fibroblast cell line), 520d-
P P g & S5p induced the conversion to MSC and extension of the

3232;5 nf:;i?i Dllsel;ﬁziloningfcag:llRN?hathor;z(ﬁtas;isssi lifespan. After 520d-5p was transfected into cells of
P Y ’ N senescent status (6 weeks), the transfectants escaped

development is tightly controlled by miRNAs [24]. The . . . .
humanpmiRNA 52g0d—}5,p induced ﬁbi/oblasts to I\Elus]e cell- apoptosis ansl sul"vwed as SPheFOId cells (Muse ¢ cll-like
like spheroid cells with CD105, Nanog, and P53 positive [2].  CS1S), resulting in the generation (7-11W & right) of
The authors presumed that it may be an adult type of human juvenile fibroblasts from the spheroid cells until 24 weeks
P Y p after the culture was started. Induction of the vector carrying

mesenchymal stem Ceu (hMSC)’ b.ut itis the reason Why t.he 520d-5p was confirmed by the GFP expression. Safety was
induced cells can easily differentiate and generate juvenile S - L
confirmed in vitro and we are planning applications for

fibroblasts with CD105 positivity one after the other (Figure e
3). Unlike dermal growth factor, this small ribonucleotide COSMEUCS.
prevents hMSCs present in the skin being used up because it
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Figure 2. Metabolomic comparison of 520d-5p transfectants with parental cells.
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Figure 3. 520d-5p reprograms fibroblasts to MSC level.

CONVERSION
BENIGNANCY

FROM MALIGNANCY TO

Is it possible to convert a cancer cell to a healthy or original
cell? Although at present it is difficult to revert a cancer cell
to an original cell that lacks mutations in its genome, a
benign cell with minimal mutations or methylation can be
induced by miRNA [1]. Epigenetic alterations are involved
in cancer initiation and progression but, unlike genetic
mutations, the epigenetic state of cancer can be effectively

reprogrammed via various approaches [25]. Interestingly,
one miRNA has the potential to repair lethal DNA
fragmentation, suggesting the ability to reset a complicated
and convoluted genomic status [3]. We believe that we have
a mission to search for miRNAs that enable the
transformation into a close to healthy status, even if not the
healthy status itself, with an eye to clinical applications, and
520d-5p is a prime candidate for this (Figure 4).
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Figure 4. The therapeutic effect of 520d-5p on UV-damaged fibroblasts. We established a system of lethal UVB irradiation
and transfected 520d-5p into damaged cells before or after irradiation. a: Unlike pre-transfection trial for protective effect,
post-transfection showed the therapeutic effect in NHDH cells. As a result, we found no protective effect but did find a
reproducible therapeutic effect; b-c: After 2 to 5 weeks following transfection, irradiated cells escaped from cell death and
induced the generation of round, juvenile cells. This was similar to the results of the test without irradiation; d: miRNA
induction following lethal UVB irradiation escaped from the death of all cells and led to the emergence of adult MSCs and,
subsequently, many juvenile fibroblasts 12 weeks after transfection.

NGS ANALYSIS

To estimate direct cellular reprogramming, and not just for
miRNAs, NGS analysis is essential. Although we found a
comprehensive analysis of miRNAs [26], no studies have
used NGS analysis to examine the effects of miRNA, with
the exception of our study. In our project using 520d-5p, we

could be achieved using small RNA [4] (Figure 5) (Table
1). This technique can contribute to the qualitative
improvement of induced pluripotent stem cells (iPSCs) with
many genomic mutations or alterations. We expect the
discovery of further miRNAs to make it possible to revert
more than two nucleotides to the wild type resulting
understanding its definite conversion rules.

demonstrated a single nucleotide conversion to the wild type
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Figure 5. Mutations in HLF or iPSC-derivatives can be reduced by transfection with 520d-5p. a: Representative conversion
in KATS following 520d-5p transfection. Ten mutations in these sites of HLF cells gradually decreased after transfection by
520d-5p. The new mutations acquired after viral transfection tended to disappear in 520d-5p transfectants, and the viral
effects were transient; b: Comparative NGS analysis among hiPSCs, 520d/hMSC progenitor cells, or hMSCs regarding
representative DNA repair genes. Mutations in Abl2 (ABL proto-oncogene 2, non-receptor tyrosine kinase: top) and ATR
(ATR serine/threonine kinase: bottom) tended to reduce the number of mutations observed in hiPSCs.
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Table 1. Mutations in HLF or iPSC-derivatives can be reduced by transfection with 520d-5p.
Gene Mutation in | Mutation in = Mutation in = Nucleotide change Conversion by
HLF iPSC MSC 520d-5p
DNMT3A @ 2 sites in exons 2 sites in exons 2 sites in exons T to C (HLF) Reversible
conversion
(conversion in 3D
and 5D)
MYSTI1/K | 24 sites in exons | 10 sites in exons 4 sites in exons A to G, C to A, A to | Possible conversion
ATS T, Cto G (MSC), A to
G (MSC), C to T
(MSC)
SIRT 1 4 sites in exons 2 sites in exons A site in exon Tto C,Cto T (MSC None
&iPSC)
KRAS 8 sites in exons 7 sites in exons 6 sites in exons CtoT, TtoC,GtoA Possible conversion
(all), Cto A, G to A
(HLF), G to A (except
R2, iPSC), T to C, A
to G (except iPSC), A
to C (iPSC, MSC)
BRAF 2 sites in exons 3 sites in exons None TtoC,CtoT, TtoA Possible conversion
(iPSC), Tto G, T to C
(HLF)
BCL2 5 sites in exons | A site in exon 3 sites in exons Cto T, Cto A (HLF), | Conversion
T to C, G to T (except
iPSC), C to G (all)
STAT3 8 sites in exons 6 sites in exons 5 sites in exons Cto T, Cto A (HLF), Possible conversion
Tto C, G to T (except
iPSC), C to G (all)
ATM 6 sites in exons 11 sites in exons, | 4 sites in exons G to A (except MSC), | Possible conversion
4 sites in introns AtoG, AtoT, T to
CCAtoT,Gto T, G
to A, Cto T (iPSC), A
to G, G to T (all), A to
G, CtoG,Cto A, T
to A (HLF) ,Cto T
(MSC)
APPLICATION follicles [30]. The manipulation of miRNA signalling holds

Small interfering RNA (siRNA) preparations are only a
therapeutic modality using an adeno-associated viral vector
as small RNA, and some preparations using adeno-
associated virus (AAV) have already been used for clinical
practice because of their very low pathogenicity, although
the viral genome is incorporated into the host genome at a
low frequency. miRNA with physiological functions in vivo,
which makes it possible to replenish the deficiencies in
cancer cells, has not yet been applied as a therapeutic
strategy [27,28]. Applications for vaccine or siRNA vector
targeting for virus (HPV, HBV, or HIV) have been designed
and examined in vivo [29,3]. In terms of regeneration, miR-
218-5p was notably upregulated in dermal papilla (DP)
spheroid-derived exosomes. DP spheroid-derived exosomes
upregulated B-catenin, promoting the development of hair

great promise for regenerative medicine and aims to harness
either endogenous or implanted cells to promote tissue repair
[31]. The ability of miRNAs to regulate multiple targets
might increase the efficacy of miRNA-based drugs, because
the induction of miRNA is a replacement therapy that has an
on-target effect, unlike siRNA which has an off-target effect.
The total amount of miRNAs in humans at age 50 years is
reduced to approximately half that at age 20. The proper
supplementation of miRNAs is likely to have a positive
effect on every part of the human body.

CONCLUSION

In the future, reports of useful miRNAs are likely to rapidly
increase and will be examined in relation to clinical
applications. Understanding the molecular and cellular
pathways that are controlled by miRNAs, as illustrated for
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the main pathways of cancer development, may facilitate the
development of miRNA-therapeutics. The clinical impact of
miRNAs, including as biomarkers, identified in proof-of-
concept studies in cell lines, animal models, and small
patient-cohorts must be confirmed in carefully designed
clinical studies. miRNAs themselves as preparations are
unstable, and the challenge of stabilizing them remains
unresolved, with another of the major hurdles in the way of
making this application possible being the high cost of their
synthesis. Also, innovative technical improvements in RNA
synthesis are needed to realize the feasibility of miRNA-
based medicine. We hope that this challenge will be
overcome to translate this technology into future
therapeutics.
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