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Abstract

MicroRNA'’s are small non-coding RNAs that regulate the expression of genes by targeting the 3’
UTR’s of mMRNA. Studies reveal that miRNASs play a pivotal role in normal musculoskeletal
function such as mesenchymal stem cell differentiation, survivability and apoptosis, osteogenesis,
and chondrogenesis. Changes in normal miRNA expression have been linked to a number of
pathological disease processes. Additionally, with aging, it is noted that there is dysregulation in
the normal function of stem cell differentiation, bone formation/degradation, chondrocyte
function, and muscle degeneration. Due to the change in expression of miRNA in degenerative
musculoskeletal pathology, it is believed that these molecules may be at least partially responsible
for cellular dysfunction. A number of miRNAs have already been identified to play a role in
osteoarthritis, osteoporosis and sarcopenia. One miRNA that has become of interest recently is
miRNA 141. The purpose of this article is to review the current literature available on miRNA 141
and how it could play a role in osteoporosis, osteoarthritis and musculoskeletal pathology overall.
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Introduction

Aging is one of the important contributing factors in musculoskeletal pathophysiology. As it
occurs, there is degeneration of various musculoskeletal tissue including muscle, bone, and
cartilage, which leads to pathological states such as sarcopenia, osteopenia/osteoporosis and
osteoarthritis (Dawson & Dennison, 2016; Leveille et al, 2004). Osteoporosis alone is
estimated to affect 200 million women worldwide with increasing incidence with age
(Sozen, Ozisik, & Basaran, 2017). One in three women and one in five men over age 50 will
experience a fracture secondary to osteoporosis at least once in their lifetime (Sozen et al.,
2017). In addition, patients on long-term glucocorticoid therapy have been shown to induce
fractures in 30-50% of the patients and osteonecrosis in 9— 40% (Weinstein., 2012). This
creates a greater dilemma for older patients that may be using steroids for treatment of other
diseases, accelerating possible osteopenia. Sarcopenia, another important age related
musculoskeletal disease affect millions of people worldwide and associated with higher
health cost. Janssen et al (2004) estimated that in year 2000, the direct cost of sarcopenia in
unites state was $18.5 billion (Janssen et al., 2004).The pathophysiology of these
degenerative conditions is widely accepted to be complex and not completely understood. It
is well known that with aging, the gene expression of cells changes in a way that results in
phenotypic aging (Bennett et al., 2015; Fushan et al., 2015; Ryan et al., 2015). Changes in
gene expression are regulated by a number of signaling mechanisms, one of them being
epigenetic factors. Epigenetics is defined as the mechanism by which changes are made to
the genome without affecting the DNA sequence (Coolen et al., 2011). This is done through
a number of different mechanisms, which include DNA methylation, histone modification
and changes to coding/noncoding RNA (Brunet & Berger, 2014). Recent studies have been
directed at these epigenetic factors that influence aging and musculoskeletal degeneration
(Brown & Goljanek-Whysall, 2015; Grebennikova et al., 2015; Kim, Kang, Cho, & Kim,
2015). One such factor is noncoding, microRNA (miRNA). MiRNA’s are a group of
naturally occurring, short, noncoding RNA’s which regulate the expression of other genes
by targeting the 3 UTR of messenger RNA, either inhibiting their translation or signaling
them for degradation (Hammond et al., 2015). MicroRNAs are first transcribed from DNA
sequences into immature pri-miRNA molecules. These pri-miRNA are subsequently cleaved
by RNAses both inside the nucleus, producing a pre-miRNA and in the cytoplasm before it’s
considered a mature miRNA (Filipowicz, Jaskiewicz, Kolb, & Pillai, 2005; Wahid, Shehzad,
Khan, & Kim, 2010). Once the miRNA is unwound, one strand is usually degraded and the
other can go on to bind with Argonuate and subsequently, a miRNA-induced silencing
complex or miRISC (B. Zhang, Wang, & Pan, 2007). This miRNA-miRISC complex can
target MRNA for degradation or inhibition, depending on the degree of complementarity
with the 3° UTR of its target mRNA and the 5’ seed sequence of the miRNA. It is by this
ability to alter gene expression that miRNA can play a pivotal role in cell processes such as
survivability, differentiation, stress and inflammatory responses, and cell death.

MiRNA’s have been shown to play a role in several cellular functions which include
musculoskeletal development and pathophysiology. In fact, there is growing evidence that
miRNA’s can regulate bone homeostasis and osteogenesis, which could make them potential
therapeutic targets in degenerative bone disease and fracture healing (Pi, Li, Zhou, & Gao,
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2015). As more and more of these molecules are being discovered, their functions in
biological processes are being given greater attention. One miRNA that has been of interest
is mMiRNA-141, a member of the miRNA 200 family. Scientific literature has shown that
miRNA 141 targets several genes known to be critical for bone mesenchymal stem cell
(BMSC) migration, differentiation, and survival. The goal of this article is to summarize the
potential role of miRNA 141 in degenerative musculoskeletal pathology and include the
relevant data from other members of the miRNA 200 family. We mainly focused on the
miRNAs with validated targets (Table 1) and their involvement in musculoskeletal
pathophysiology. Furthermore, we also identified novel potential targets for miRNA 141
using bioinformatics tools (such as TargetScan) and identified several important stem cell
differentiation and proliferation, myogenic, chondrogenic and bone related genes. These
genes would be good topics for future research in miRNA 141 and how it affects the
musculoskeletal system.

2. MiRNA-141/200 family

Micro RNA-141 is a part of miRNA-200 family which consists of miRNA’s 141, 200a,
200b, 200c and 429. MiRNA 200 family is categorized based on their chromosomal
locations and seed sequences. The miRNA 200 family is clustered into two polycistronic pri-
miRNA transcripts located on human chromosomes 1 and 12 (Chen & Zhang, 2017).
Chromosome 1 contains the miRNA-200a-200b-429 loci while 12 contains the
miRNA-200c-141 loci. In addition to their locations on the human chromosomes, the
miRNA 200 family can also be categorized by the similarity in seed sequences. The seed
sequence typically lies between the 2" to 8™ nucleotide sequences on the 5° end of the
miRNA. MiRNA’s 200b, 200c, and 429 share a seed sequence of AAUACUG while
miRNA’s 141 and 200a share a sequence of AACACUG. Apart from a single nucleotide
difference, these 5 miRNA’s are identical (Fig. 1). This creates a strong possibility that the
targets of these miRNA’s may be similar or can cross over. These targets can be predicted
via the use of a bioinformatics tool, which can match the seed sequences of the miRNA with
the 3° UTR’s of mMRNA. Genes involved in bone metabolism can then be focused on to
assess the physiological role of miRNA in bone. The microRNA-200 family is known for
their role in oncogenesis and tumor suppression; however recent studies showed they play an
important role in stem cell biology (Itoh, Nozawa, & Akao, 2009; Sangani et al., 2015). The
miRNA 200 family’s relationship with bone formation has also been explored and they share
a common pathway with miRNA 141 in regards to musculoskeletal pathology and verified
targets of this miRNA are listed in (Table 1) (Qiu & Kassem, 2014; Sangani et al., 2015).

3. MIRNA-141/200a in Stem cell biology

Mesenchymal stem cells are central to musculoskeletal development due to their ability to
differentiate into adipocytes, chondrocytes, myocytes, osteoblasts and subsequently
osteocytes (Cook & Genever, 2013). A number of microRNAs are known to play an
important role in differentiation of stem cells to other cell types, including members of the
miRNA 200 family. Recently, our group reported that mouse BMSCs expressed miRNA-141
and miRNA-200a, which subsequently repressed SVCT2 expression at the functional level
by targeting the 3-untranslated region of mMRNA. We found that miRNA-141 and
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miRNA-200a reduce vitamin C uptake in BMSCs. Furthermore, we reported that
miRNA-141 and miRNA-200a decreased osteogenic differentiation by targeting SVCT2
transporter. Previously, we demonstrated that sodium-coupled vitamin C transporter 2
(SVCT2) plays a vital role in bone marrow stromal cell differentiation to osteogenesis
(Fulzele et al., 2013) (Fig.2).

Our group also demonstrated that miRNA-141 targets stromal derived factor-1 SDF1, also
known as CXCL12 (Sudharsan Periyasamy-Thandavan et al, 2018). SDF1 is a chemokine
who’s effects are mediated mainly by binding to its primary receptor, C-X-C chemokine
receptor type 4 (CXCR4). This interaction has become a focal point of several studies,
which revealed its key role in BMSC differentiation and osteogenesis (Hwang et al., 2015;
Kawakami et al., 2015; X. Liu et al., 2013). We discovered that miRNA 141 inhibits
expression of SDF1; it therefore has the potential to negatively impact bone integrity. Our
lab is the first to report that SDF1 is the target of miRNA-141 at functional level using
luciferase assay. We also reported that transfection of miRNA-141 to BMSCs inhibit
osteogenesis differentiation by targeting SDF1 (Sudharsan Periyasamy-Thandavan et al.,
2018). Previously, it has been shown by our group that SDF1 is an integral part of osteogenic
differentiation of BMSCs (Herberg et al., 2013). Additionally, Cao et al revealed the
importance of these miRNAs in the differentiation of adult epithelial stem cells to
ameloblasts, which generate tooth enamel (Cao et al., 2013). Similarly, Itoh et al also
reported miRNA’s 141 and 200a ability to affect pre-osteoblast MC3T3-EL1 cells
differentiation by targeting distal-less homeobox 5 (DIx5) (Itoh et al., 2009). The same
group discovered that BMP2 elevate the expression of RUNX2, osteorix (Osx) and DIx5 and
down-regulate the miRNA-141 and 200a expression. RUNX2, osteorix (Osx) and DIx5 are
all transcription factors that push stem cells towards osteogenic differentiation (Farshdousti
Hagh et al., 2015). These studies suggest that miRNA-141 and 200a play central roles in
BMP2 mediated differentiation of mouse pre-osteoblasts in part by targeting DIX5 (Fig.2).

MiRNA-141 was also determined to regulate the expression level of Intercellular Adhesion
Molecule 1 (ICAM-1), also known as CD54. Liu et al performed a study on endothelial cells
revealing that high levels of miRNA-141 inhibited ICAM-1 expression and diminished
leukocyte adhesion to endothelial cells (R. R. Liu et al., 2015). Furthermore, Xu et al
showed that ICAM-1 expression was negatively correlated with osteogenesis but enhanced
BMSC proliferation. They further revealed that by inhibiting the extracellular signal-
regulated kinase/mitogen activated protein kinase (ERK/MAPK) and nuclear factor kappa-
light chain-enhancer of activated B cells (NF-kB) resulted in partial rescue of osteogenic
activity. They also showed inhibition of p38/MAPK and PI3K/AKT pathway caused a
worsening of osteogenic suppression. This creates an interesting balance between miRNA
141 mediated inhibition of osteogenesis via the other mechanisms discussed in this article
vs. the targeting of ICAM-1, which could cause osteogenic suppression (F. F. Xu et al.,
2014).

Whnt/B-catenin signaling plays important roles in musculoskeletal development and stem cell
engineering (Ahmadzadeh, Norozi, Shahrabi, Shahjahani, & Saki, 2016; Majidinia,
Aghazadeh, Jahanban-Esfahlani, & Yousefi, 2018). Wnt/B-catenin signaling pathways is
known to affect BMSC differentiation, specifically towards osteogenesis. Qui et al reported

Mech Ageing Dev. Author manuscript; available in PMC 2020 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fariyike et al.

Page 5

that miRNA-141 targets Wnt and cell division cycle 25A (CDC25A) genes and acts as a
negative regulator of human MSC proliferation and osteoblast differentiation (Qiu &
Kassem, 2014). CDC25A a gene required for the progression from G1 to the S phase of the
cell cycle. Qui et al 2014 also reported that knocking down CDC25A inhibits osteogenesis
by reducing expression of RUNX2 and COL1A1 without affecting ALP. Interestingly, a
study by Dimri et al demonstrated that miRNA-141 also targets BMI1 gene expression and
regulated the Wnt signaling cascade. This suggests that miRNA-141 regulates Wnt by
directly targeting multiple genes in the Wnt/ B-catenin signaling pathway (Dimri et al.,
2013).

Zhang et al (2015) reported that pregnancy-associated plasma protein A (PAPP-A), is a
target of miRNA 141 (Y. Zhang et al., 2015). In a separate study performed by Clifton and
Conover group (2015) showed the anabolic effects PAPP-A in parathyroid hormone
dependent bone formation in a mouse model (Clifton & Conover, 2015). Due to the ability
of miRNA'’s to target expression of multiple genes, it’s possible that there are a number of
other genes in these key pathways, apart from the above mentioned, that could contribute to
the effects of miRNA 141 on osteogenic differentiation.

4. Role of miRNA-141 in aging and the aging musculoskeletal phenotype

Advancing age is one of the largest risk factors for musculoskeletal degeneration such as
osteoporosis, and osteoarthritis, however the mechanisms by which the degeneration occurs
are still mostly unknown. In females, post menopause estrogen deficiency is one of the
important contributing factor for musculoskeletal related pathophysiology (Sapir-Koren et
al., 2017). With aging, bone marrow stem cells (progenitor cells of bone) lose the capacity to
proliferate and differentiate to osteogenic and chondrogenic lineage, and undergo premature
senescence (Yang et al, 2018, Zhang et al, 2008). Cellular chronic stress such as
inflammation and oxidative stress activates tumor suppressor pathways to initiate senescence
(Khosla et al., 2018). The senescence cells secrete various extracellular cytokines and
proteases also called as senescence-associated secretory phenotype (SASP) which affect
normal cellular health (Khosla et al., 2018). There are evidence that miRNAs are
differentially expressed in mesenchymal stem cells (MSCs) with aging and senescence
(Caravia & Lopez-Otin, 2015, Yu et al., 2013). Yu et al (2013) reported that miRNA-141
was up-regulated in human MSC’s during senescence (Yu et al., 2013). Moreover they
reported that miRNA-141 directly targets ZMPSTE24 and dysregulates its expression.
ZMPSTE24 is a zinc metalloproteinase involved in the post-translational proteolytic
cleavage of carboxy terminal residues of prelamin A (Pacheco et al., 2014; Yu et al., 2013,
Bergo et al, 2002). Studies performed by Yu et al demonstrated that elevated level of
miR-141 down-regulate ZMPSTE24 expression which reduces post-translational proteolytic
cleavage of prelamin A. Excessive accumulation of prelamin A in human MSC’s resulted in
accelerated cellular senescence and cellular dysfunction (Pacheco et al., 2014; Yu et al.,
2013).

Importantly, ZMPSTE24 —/- knockout mice showed phenotypic changes such as abnormal
gait, muscle weakness, kyphosis, alopecia, and spontaneous bone fractures (Bergo et al.,
2002). Of particular note, the fractures healed poorly and were infiltrated with fibrous tissue.
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Additionally ALP activity, an early osteogenic marker, was decreased, however calcium
levels, osteoclast number and urine deoxypyridinoline, a bone breakdown product, remained
normal compared to the wild type. This suggests that ZMPSTE24 not only plays a role in
cellular aging, but it also affects bone formation. Furthermore, there are reports that
ZMPSTE24 alter metabolic activity, autophagy process and dysregulate mitochondrial
functions in differentiated cells (Peinado et al, 2011, Sieprath et al, 2015, Marino, et al
2008). As a target of miRNA-141, it suggests one of the potential mechanisms or pathways
through which miRNA-141 may play a role in musculoskeletal aging and dysfunction. This
also supports the need for further studies to determine how the miRNA-200 family affects
osteogenesis through ZMPSTE24 in combination with other mechanisms.

A study performed by Dimri et al has shown that miRNA-141 and miRNA-200c can also
play a role in cellular senescence by targeting one of the polycomb group proteins, BMI1
(Dimri, Carroll, Cho, & Dimri, 2013). It is known that BMI1 is expressed in several types of
human cancer, but it also plays roles in self-renewal of stem cells and cellular senescence
with aging. Dimri et al reported that overexpression of miRNA-141 slowed cellular
proliferation in human diploid fibroblast cells through BMI1 down-regulation. This study,
along with others, shows several mechanisms by which the microRNA 200 family could
exacerbate age related pathophysiological changes in the musculoskeletal system. Therapy
could perhaps be directed towards anti-miRNA 141 agents to restore BMI1 expression and
stem cell function in age related musculoskeletal problems.

5. MiRNA-141 regulates age-related stimuli (Inflammatory and Oxidative

stress)

It is well know that elevated level of oxidative stress in musculoskeletal cells (e.g. bone,
muscle, and chondrocytes) leads to increase cell apoptosis and senescence of progenitor
cells and mature cells that causes degeneration and loss of tissues (Domazetovic et al 2017,
Siu et al 2009, Davalli et la 2016, Meng et al 2010, Yang et al 2014). The miRNA family
also appears to play a role in the downstream effects of reactive oxygen species (ROS) that
result in senescence and apoptosis. Magenta et al (2011) showed that exposure of human
umbilical vein endothelial cells (HUVECS) to oxidative stress (H,O5) elevated all of the
miRNAs in the miR-200 family. Specifically, miR-141 and miR-200c were highly up-
regulated in presence of HyO, compared to miR-200a, miR-200b and miR-429. Magenta et
al (2011) also reported that overexpression of miR-200c or H,O, exposure induced HUVEC
growth arrest, apoptosis and senescence. Their study revealed partial rescue of these cells
through anti-miRNA 200c treatment (Magenta et al., 2011). They proposed that the zinc
finger E-box binding homeobox 1 (ZEB1) mRNA, a transcription factor that is a target of
miRNA 200c, was the mechanism by which miRNA’s played a role in ROS-induced
senescence.

In addition, Shi et al (2016) revealed that miRNA-200a activates the NF-xB signaling
pathway through targeting 1xBa, which is a negative regulator of NF-kB. Their particular
study was limited to nasopharyngeal carcinoma cells (Shi et al., 2016). It has been
previously reported that NF-kB transcription activity was elevated in a number of tissues
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with aging and that inhibition of NF-kB leads to a delayed age-related pathogenesis {Tilstra
etal, 2012 }. In addition, Lam et al showed miRNA-141 targeting TGF-p2, a molecule that
can act as both an immunosuppressant and pro-inflammatory messenger (Lam et al., 2013).

MiRNA-429, another member of the miRNA 200 family, has been shown to regulate cell
death and apoptosis in human osteoblastic cell lines through targeting the catalytic subunit
of protein phosphatase 2A (PP2A) (Guo, Chen, Ji, Mao, & Xie, 2017). Guo et al (2017) also
showed that miRNA-429 targets PP2A and indirectly activates AMP-activated protein kinase
(AMPK) thereby protecting human osteoblastic cells from dexamethasone dependent
oxidative stress. Previously, Jeyabalan et al (2012) showed AMPK also playing a pivotal role
in bone metabolism through regulation of the PI3K/AKT/mTOR pathway, which also plays
a role in osteogenic differentiation (Jeyabalan, Shah, Viollet, & Chenu, 2012). Additionally,
Li et al (2017) demonstrated that miR-429 inhibition promotes fibroblast apoptosis and
prevent epidural fibrosis in rat models by targeting RhoE (Li et al., 2017). This is significant
because the lack of normal fibroblast function would be detrimental to hematoma and
callous formation in secondary fracture healing and development of heterotopic ossification.

Recently, Ji et al (2015) reported that elevated expression of miRNA-141 in obese mice
leads to mitochondrial dysfunction. They discovered that phosphatase and tensin homolog
(PTEN) was the target of mitochondrial related miRNA 141 that resulted in mitochondrial
dysfunction (Ji et al., 2015). Of note, Bluml et al also discovered the loss of PTEN led to
enhanced receptor activation of NF-xB ligand (RANKL) in mice myeloid cells (Bluml et al.,
2015). RANKL is a key factor driving the differentiation of monocytes into osteoclasts.
PTEN also acts to inhibit the PI13-Kinase pathway, so it would be reasonable to hypothesize
that miRNA 141 plays a role in osteoporosis by targeting PTEN, up-regulating the PI3-
kianse pathway and leading to enhanced osteoclastogenesis. This is a pathway further
linking the miRNA-200 family as an important mediator of age-related mechanisms that
lead to musculoskeletal tissue degeneration. Further studies would be necessary to
completely understand the miRNA-200 family’s relationship with inflammation, oxidative
stress senescence and apoptosis in aging models.

6. Role of miRNA 200 family in muscle biology

Musculoskeletal health not only depends on maintaining bone homeostasis but also on
muscle homeostasis. Reduced muscle mass (sarcopenia) and poor bone quality
(osteoporosis) together increase the incidence of falls and bone fractures (Scott et al 2018,
Tarantino et al., 2015, Cederholm et al., 2013). MicroRNAs are known to involve in skeletal
muscle development, skeletal muscle cell proliferation, differentiation, and age-related
pathophysiology (Jung et al., 2018). Recently, D’ Agostino et al (2018) and his group
analyzed expression of miR-200c expression in mdx mice muscles and in differentiated
human myoblasts of Duchenne muscular dystrophy. They found elevated level of miR-200c
expression in both mice and human (D’ Agostino et al., 2018). Additionally, they showed
that overexpression of miR-200c in culture myoblast decrease skeletal muscle differentiation
and anti-miR-200c treatment ameliorates myogenic differentiation. D’ Agostino et al (2018)
also reported that miR-200c overexpression induces p66Shc phosphorylation in Ser-36 and
affect myogenic differentiation (D’ Agostino et al, 2018). There is a strong possibility that
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the p66Shc gene and miR-200c interaction may play a role in physiologic muscle wasting as
well.

Zhou et al (2017) performed a study demonstrating the importance of the miR-141/TGF-B1
axis in myocardial fibrosis of diabetic mice models (Zhou & Yu, 2017). They demonstrated
that TGF-B1 is the target of miRNA-141 and plays vital role in myocardial fibrosis (Zhou &
Yu, 2017). TGF-B1 is the important cytokine involved in satellite cell activation and muscle
repair (Delaney et al., 2017). MicroRNA 200b, another member of the family, also appears
to have a relationship with cardiac myocytes. Yao et al performed a study revealing GATA-4
is a target of 200b (Yao et al., 2013). GATA-4 has been found to play a role in several
developmental processes of the heart, including myocyte proliferation, differentiation, and
survival. It is reasonable to think there may be some amount of crossover in the relationship
with these miRNA and age-related muscle pathophysiology.

Fuzimaki et al (2014) demonstrated that Wnts play a critical role in exercise dependent
myogenesis (Fuzimaki et al., 2014). MiR-141 is known for targeting Wnt signaling and
affects human MSC proliferation and osteoblast differentiation (Qiu & Kassem., 2014). It
may play an additional role in sarcopenia through this same pathway. Wnt/B-catenin
pathway has been shown to modulate the conversion of satellite cells to the activated state,
which would assist in muscle formation and regeneration (Fuzimaki et al., 2014). As
mention above, ZMPSTE?24 plays an important role in the aging phenotype and a target of
miR-141. Song et al (2013) studies on the ZMPSTE?24 knockout mice showed limited
muscle regeneration, accelerating typical changes associated with aging, including muscle
wasting (Song et al., 2013). Kowalski et al (2016) reported that SDF-1 lone and in
combination granulocyte-colony stimulating factor treatment stimulate regeneration of
skeletal muscle. Our laboratory recently demonstrated that MiR-141 target 3° UTR of SDF1
and prevent its expression in both human and murine cells and affect osteogenic
differentiation (Sudharsan Periyasamy-Thandavan et al., 2018). It appears that SDF1 and
miR-141 might plays role in muscle loss during aging. It will be interesting to investigate
miR-141 role in muscle biology. As per our knowledge, no studies have specifically been
performed directly elucidating the relationship between muscle loss and the miRNA 200
family. Future detail studies are needed to identify the cross-talk between miRNA-200
family members and age-related muscle pathophysiology.

7. Insilico predication of miRNA-141 targets genes of musculoskeletal

importance

A single miRNA can target a number of genes for degradation. For practical reasons it isn’t
possible to list every target, but bionfirmatics analysis can predict which genes could be
potential targets based on the degree of complementation between the 3 UTR of the mRNA
and the 5’seed sequence of the miRNA. We used TargetScan bioinformatics tool to predict
the targets of importance of stem cell biology, osteogenic, chondrogenic, and myogenic
genes in sifico (Table 2). HOXC13, HOXA11, and HOXBS are all 3 genes that are
particularly intriguing targets of miRNA 141 due to their potential function in stem cell
differentiation. Future studies should be directed toward some of these target genes to see
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how their degradation could modulate stem cell function. MiRNA 141 can also affect
osteoblast/osteocyte and osteoclast functions via a number of targets, which include
SPOCK?2 and calcitonin receptor (CALCR). SPOCK?2 is a gene that encodes a protein with
calcium and glycosaminoglycan binding domains to form part of the extracellular matrix.
CALCR modulates the physiological effect of calcitonin, which normally lowers serum
Ca2+ levels through a number of mechanisms, which include inhibition of osteoclasts.
MiRNA-141 also potentially targets a number of important chondrogenic genes such as
RUNX1 and HS2ST1 (LeBlanc et al., 2015). RUNXL is a transcription factor expressed by
chondrocytes and BMSC’s differentiation towards chondrogenesis, particularly during
cartilage repair, while HS2ST1 codes for a heparin sulfate biosynthetic enzyme, which may
play a role in chondrogenic differentiation (J. Wang et al., 2013; Zhao, Wang, Chen, &
Chen, 2015). Further research on these genes could reveal an additional role by which
miRNA 141 could contribute to osteoarthritis and osteoporosis. Finally, miRNA-141 also
target genes of myogenic importance such as, phosphofructokinase (PFKN), a molecule
which regulates and takes part in glycolysis in skeletal muscle cells, and ATP2A2, a gene
responsible for coding striated muscle specific Ca2+ ATPase (Wills & Mansour, 1990; Toth
et al., 2015). Details of the targets of this miRNA are found in Table 2.

8. Conclusion

MiRNA-141 and 200a have shown some promise as mediators/effectors of normal and
abnormal musculoskeletal biology and, therefore, merit further research along with the rest
of the miRNA 200 family. While there has been extensive research on its role in cancer, its
role in musculoskeletal pathophysiology is limited. The mechanisms summarized in this
article suggest that this miRNA could have a significant negative impact on bone, cartilage
and muscle health (Fig.2). Future studies need to identify /n vivoregulation of
musculoskeletal metabolism to further identify the miRNA-200 family’s relationship with
these disease states. Antagonists of these molecules could potentially be developed as
therapeutic agents to address age-related musculoskeletal diseases. There are still a number
of other potential targets that have yet to be explored and may be of interest. These genes
have been identified as potential targets of mMiRNA-141 according to the 5’seed sequence.
These could even reveal possible therapeutic targets for prevention and treatment of these
degenerative diseases.
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Highlights
. MIRNA-141 plays a vital role in stem cell senescence.
. MIRNA-141 negatively regulated stem cell differentiation.
. Oxidative and inflammatory stress factors regulate MiRNA-141.

. MiRNA-141 dysregulated with aging and the aging musculoskeletal
phenotype.

. Antagonists of miR-141 could potentially be therapeutic agents to address
age-related musculoskeletal diseases.
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MiR-200b: UAAUACUGCCUGGUAAUGAUGA
MiR-200c: UAAUACUGCCGGGUAAUGAUGGA
MiR-429: UAAUACUGUCUGGUAAAACCGU
MiR-141: UAACACUGUCUGGUAAAGAUGG
MiR-200a: UAACACUGUCUGGUAACGAUGU

Figure.1:
The sequences of miRNA-200 family members were aligned, and bolded letters are the seed

sequence of miRNAs. The red letters indicate change in single nucleotide change in seed
sequence.
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Figure.2:
Involvement of miRNA-141-3p in musculoskeletal system based on published data.
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Verified targets of microRNA-141 and their molecular function(s).
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Table. 1 | Target Gene (s) | Molecular Function of genes References

1 SVCT2 Stem cell differentiation, Oxidative stress Sangani et al., 2014
2 ZMPSTE24 Phenotypic aging, BMSC biology Yu et al., 2013

3 Whnt, CDC25A MSC proliferation and osteoblast differentiation Qiu & Kassem, 2014
4 DIx5 Bone formation Itoh et al., 2009

5 BMI1 stem cells and senescence regulation Dimri et al., 2013

6 TGFb1 Growth Factor, Muscle biology Zhou & Yu, 2017

7 ICAM-1 Inflammation, Oxidative stress, Osteogenic differentiation | R. R. Liuetal., 2015
8 PTEN mitochondrial Jietal., 2015

9 PAPP-A osteoblast proliferation,bone formation Zhang et al., 2015
10 SDF1 Bone biology, Cell migration Sudharsan Periyasamy-Thandavan et al., 2018
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Table 2:

In silico prediction of mMiRNA-141 targets genes of musculoskeletal importance
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Stem cells: HOXC13 HOXA1l | HOXB5 | WNT5A SOX5 SOX6 SOX11 SOX17 | GDF6 SYNPO2
Osteogenic: SPOCK?2 STAT5A | STATSB | FGF13 ZDHHC7 | ATF2 CALCR | FKBP5 | CSF3 CAMSAP1
Chondrogenic: | FGFR1OP | TNIK EGR2 SERPINC1 | HDAC4 RUNX1 | HS2ST1 | DSEL PAPLN | CHRDL1
Myogenic: MTPN PFKM ATP2A2 | MBNL1 MBNL3 CFL2 TCF23 PAX3 CDK13 | CACNA2D1
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