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The Link between miR-96 Levels and the Developmental Dysplasia of the Hip

miR-96 Seviyeleri ile Gelisimsel Kalga Displazisi Arasindaki Baglanti
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ABSTRACT

Background: Developmental dysplasia of the hip (DDH) is a sophisticated skeletal
disease ranging from subluxation to entire dislocation of the hip as a result of
missing growth of the acetabulum and femur. DDH clearly has a multifactorial
biological etiology. No doubt, one of them is genetic changes. MicroRNAs
(miRNAs) are 21-23 nucleotides RNAs that show biological regulatory functions
on a variety of basic physiological or pathological processes including bone
formation. Although there have been many studies examining the relationship
between bone metabolism and miRNAs, including miR-96, none of these studies,
have been directed to the etiology of DDH.

Methods: In our study, we aimed to investigate the relationship between miR-
96 expression level and DDH. In this study, peripheral blood samples of 50 DDH
and 80 DDH-free individuals under one-year-old were analyzed to investigate the
relationship between miR-96 expression level and DDH. Gene ontology (GO) and
KEGG pathways enrichment analyses of miR-96 targeting genes were performed
using available databases and R environment.

Results: We found that miR-96 level in DDH patients was approximately 3 times
lower in comparison to healthy individuals. Gene ontology enrichments of hsa-
mir-96 targeting genes underline the involvement of this miRNA in many
biological processes including the bone homeostasis. Obtained results indicate
that the expression level of miR-96 in the DDH group significantly decreased
compared to the control group and this may be linked to the etiology of DDH.
Conclusion: Our work is the first study which aims to correlate the miR-96 level
with DDH by investigating the miRNA level in plasma of patients and healthy
individuals. In addition to our experimental data and enrichment analyses results
for mir-96, considering the previous papers on miR-96 and osteogenesis, here
we suggest that miR-96 may a role in the etiology of DDH.
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OZET

Amag: Gelisimsel kalga displazisi (GKD), asetabulum ve femurun blyime
defektinin bir sonucu olarak subluksasyondan kalga ¢ikigina kadar degisen
karmasik bir iskelet hastaligidir. GKD'nin ¢ok faktorli biyolojik bir etiyolojisi
vardir. Suphesiz bunlardan biri de genetik degisimlerdir. MikroRNA'lar
(miRNA'lar), kemik olusumu da dahil olmak tizere gesitli temel fizyolojik veya
patolojik slreclerde biyolojik dizenleyici islevler gosteren 21-23 nikleotidli
RNA'lardir. MiR-96 da dahil olmak tizere, kemik metabolizmasi ile miRNA'lar
arasindaki iliskiyi inceleyen birgok ¢alisma olmasina ragmen, bu galismalarin
higbiri GKD etiyolojisine yonelik degildir.

Yéntem: Calismamizda miR-96 ekspresyon diizeyi ile GKD arasindaki iliskiyi
arastirmayl amagladik. Bu galismada, miR-96 ekspresyon duzeyi ile GKD
arasindaki iliskiyi arastirmak icin bir yas altindaki 50 GKD hastasi ve 80 GKD'si
olmayan bireyden periferik kan érnekleri analiz edildi. Mevcut veri tabanlari ve R
ortami kullanilarak miR-96 hedef genlerinin gen ontolojisi (GO) ve KEGG yollari
zenginlestirme analizleri yapildi.

Bulgular: GKD hastalarinda miR-96 dizeyinin saglkl bireylere gore yaklasik 3 kat
daha duslk oldugunu bulduk. hsa-mir-96'yi hedefleyen genlerin gen ontoloji
zenginlestirmeleri, bu miRNA'nin kemik homeostazi dahil birgok biyolojik stirece
dahil oldugunu gosterdi. Elde edilen sonuglar, GKD grubunda miR-96'nin
ekspresyon seviyesinin kontrol grubuna gére énemli 6lgtide azaldigini ve bunun
DDH etiyolojisi ile baglantili olabilecegini gostermektedir.

Sonug: Calismamiz, hasta ve saglikh bireylerin plazmasindaki miRNA dizeyini
arastirarak miR-96 duizeyini GKD ile iliskilendirmeyi amaglayan ilk gahsmadir. mir-
96 igin deneysel verilerimiz ve zenginlestirme analiz sonuglarimiza ek olarak, miR-
96 ve osteogenez ile ilgili 5nceki makaleleri goz 6niinde bulundurarak, miR-96'nin
GKD etiyolojisinde bir rolii olabilecegini dustiniiyoruz.
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INTRODUCTION

Developmental dysplasia of the hip (DDH) (MIM#142700) is a sophisticated
skeletal disease ranging from subluxation to entire dislocation of the hip as a
result of missing growth of the acetabulum and femur. The percentage of
detected DDH varies between societies. DDH is a serious public health problem
as it may cause serious complications if left untreated early. DDH clearly has a
multifactorial biological etiology. Many risk elements such as breech delivery,
female sex, swaddling and oligohydramnios have been identified for DDH to date
(1,2) Another etiologic cause that has been studied recently is genetic changes.
High rapport observed in twins and family predisposition encourages research
on the potential relationship between DDH and genetic etiology. By the same
token, a 12-fold risk rise has been noticed among first degree relatives for DDH.
As with other complex diseases, many genetic factors in many biological
pathways are likely to partake in the pathology of DDH. To date, in literature, by
performing several research procedures, many genes, loci, and chromosomes
were stated as nominees (3-5).

MicroRNAs (miRNAs) are 21-23 nucleotides RNAs that show biological
regulatory functions on a variety of basic physiological or pathological processes
including bone formation in many organisms that are targeting messenger RNAs
(mRNAs) for degradation or translation suppression (6,7). Bone homeostasis
originates from mesenchymal stem cells (MSCs) diversifying into mature
osteoblasts and each time of bone generation is inseparable from the sensitive
arrangement of various miRNAs. A great number of miRNAs have been reported
that have a positive or negative effect on signaling pathways of skeletal
homeostasis and osteogenesis (8—11). miR-96 is an oncogenic miRNA known to
be involved in many cancer pathways, especially lung and bladder cancer. In
addition, many studies have been conducted to date to investigate its
relationship with bone homeostasis (12,13).

Although there have been many studies examining the relationship between
bone metabolism and miRNAs, including miR-96, none of these studies, have
been directed to the etiology of DDH (14-16). In our study, we aimed to
investigate the relationship between expression levels of miR-96 and DDH.

MATERIAL and METHODS

Overall, 130 subjects (50 participants in the patient group, 80 participants in the
control group) were investigated between March 2018 and September 2019.
Patient group is consisted of 27 females and 23 males, and in the control group,
there were 45 female and 35 male individuals (p=0.857) (Table 1). All
participators were between 0-12 months old. The study was approved by the
University Clinical Research Ethics Committee (18/04/38), where the authors
were worked, obtained written informed consents from two groups (by parents),
and study was conducted in accordance to Declaration of Helsinki.

Table 1. Gender distribution of study groups.

This study was supported by University Scientific Research Projects Executive
Unit, where the authors were worked. The participants with following symptoms
were deported from the both groups; systematic syndrome, congenital anomaly,
hereditary malady, breech presentation, history of oligohydramnios, swaddling
and elevated birth weight (>4000 gr). Orthopedist diagnosed the patients with
DDH by following the principle of medical anamnesis, clinical tests and pelvic
radiographic/ultrasonographic proof. The control group included 80 DDH-free
individual who were inscribed from the same department. Peripheral blood
samples were taken from all participants and their plasma was rapidly separated
and stored at -80°C until they were processed.

miRNA isolation from plasma samples was performed by miRNeasy
Serum/Plasma Kit (Qiagen, cat. no: 217184, Hilden, Germany) according to the
manufacturer instructions. cDNA synthesis from miRNA was carried out by using
Qiagen miScript Reverse Transcription (RT) Kit Il (Hilden, Germany, Cat No./ID:
218161) according to the kit procedure. Briefly, we prepared a mixture
containing 2 pl 5x miScript HiSpec buffer, 1 pl 10x miScript nucleic acid buffer,
1pl miScript Reverse Transcriptase mix and 6 pl water + miRNA. The PCR
conditions were set as follows: 37°C for 60 min and at 95°C for 5 min. The quality
and the quantity of cDNA samples were checked by Thermo Scientific Multiscan
Spectrophotometer  System  (Waltham, Massachusetts, USA). cDNA
concentration was then adjusted to 200 ng/ul. Reaction compounds of gRT-PCR
were prepared by Qiagen miScript SYBR Green PCR kit (Cat No./ID: 218073). For
PCR protocol of pre-amplified miRNA-cDNA samples, Corbett rotor-gene® 6000
instrument (Qiagen GmbH, Hilden, Germany) was used. The PCR reaction was
performed in 25 pl mix consisting of 12 pl 2x QuantiTect SYBR Green PCR Master
Mix, 2.5 pl 10x miScript Universal Primer, 2.5 pl 10x miScript Primer Assay (miR-
96 primer assay), 6 ul water and 2 pl pre-Amp-c DNA. The PCR conditions were
set as follows: Initial activation step at 95 °C for 15 sec, denaturation at 95 °C for
15 sec, annealing and at 55 °C for 10 sec, and extension at 70 °C for 30 sec for a
total of 40 cycles.

Statistics of obtained data was analyzed by using the specialized analysis
program in Qiagen web page (https://www.giagen.com/us/shop/genes-and-
pathways/data-analysis-center-overview-page/). To confirm the statistical
analyses of obtained results, GraphPad prism 6 (GraphPad Software, Inc,San
Diego,USA) was used. Normality of data was examined by Shapiro-Wilk
tests. Non-parametric data of independent groups was examined by Mann-
Whitney U test. For all tests p<0.05 was considered as statistically significant.

List of experimentally validated target genes of miR-96 is obtained from
Tarbase database (17) and this list is used for enrichment of GO terms. KEGG
pathway analysis is provided by using the same set of genes. All statistical
calculations, enrichment analyses and visualization of data are implemented in R
environment (18), using Bioconductor (19), and ‘ClusterProfiler’ package (20).
False discovery rate (FDR) adjusted p-value is used for statistical significance and
itis set as p<0.05.

Gender Patient group Control group
Number Percentage Number Percentage p
Female 27 54 45 56.25
0.857
Male 23 46 35 43.75
Table 2. MiScript Primer Assays 5’ cap
Primer assay 5’cap
miR-96 5'UUUGGCACUAGCACAUUUUUGCU
Table 3. Comparison of miR-96 between groups.
Avg.ct Avg ACt 20-aict) p value
DDH Control DDH Control DDH Control Fold change px¥*
2 22,42 2 22,42 1 2,9252
miR-96 0,87 4 0,87 4 0,00000 0 ,925, 0,00005
**% h<0.001
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RESULTS

For normalization of expressed miRNA levels, previously defined global values
were used. The values of fold change and significance (p) are illustrated in Table
3. As the normalized miR-96 values were normally distributed in both groups, we
have chosen Mann-Whitney U test in the comparison of miR-96. Emerged results
indicate that the expression level of miR-96 in the DDH group significantly
decreased compared to the control (p<0.001) (Figure 1).

Regarding the Tarbase database, 872 genes were listed as miR-96 targeting
genes (Supplementary Table 1) based on experimental evidences. A total of 145
biological processes (BP), 96 cellular components (CC), and 63 molecular
functions (MF) were enriched by the 872 genes targeted by mirR-96
(Supplementary Table 2). Processes such as 'histone modification', 'regulation of
autophagy' and 'cell cycle arrest’ were found in the top 10 BPs enriched list along
with 'adherens junction', 'focal adhesion' and 'cell-substrate adherens junction'
as examples of the top 10 CCs (Figure 2). Those genes targeted by miR-96 also
enriched MFs, such as 'chromatin binding', 'cell adhesion molecule binding' and
'cadherin binding' as depicted in Figure 2. KEGG enrichment analysis was also
carried out on the same list of the genes. A total of 26 KEGG pathways were
enriched (Supplementary Table 3) by miR-96 targeting genes including 'Adherens
junction', 'p53 signaling pathway', 'FoxO signaling pathway', 'Viral
carcinogenesis' and 'PI3K-Akt signaling pathway' pathways (Figure 3).

T T
DDH Control

Figure 1. MiR-96 expression levels between DDH patients and healthy
individuals.

60

a0 |

&

ONTOLOGY
e
o
s

Gene Count

&

Figure 2. Gene ontology enrichment by miR-96 targetin genes. The top 10
enriched terms (adj P < 0.05) of each GO category (BP, CC, MF) by their
corresponding gene count were plotted using barplots.
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Figure 3. KEGG pathway enrichment by miR-96 targeting genes. All KEGG
enriched pathways (adj P < 0.05) by targeted genes were visualized using
heatplots.

DISCUSSION

In this case-control study, we aimed to examine miR-96 levels and its
association with DDH. Since DDH is a multifactorial complicated disease
associated with bone homeostasis of the hip joint, any alteration in osteoclast
and osteoblast equilibrium may be responsible for this dysplasia. Although many
studies have been conducted on the genetic changes in the etiology of DDH,
none of these studies are on miRNAs. miR-96 is encoded by a 78-nucleotide gene
located in the long arm of the seventh chromosome. miR-96, like all miRNAs,
plays a role in many cellular pathways, especially in the cancer related biological
processes, which is also validated by our in-silico analyses (Figure 2-3). Many
cancers related biological processes such as ‘cell cycle arrest’, ‘G1/S transition of
mitotic cell cycle’, ‘signal transduction by p53 class mediator’, ‘G1 DNA damage
checkpoint’, ‘DNA integrity checkpoint’ and ‘regulation of apoptotic signaling
pathway’ are enriched by the miR-96 targeting genes list (Supplementary Table
2) indicating an essential role of miR-96 in cancer. Found KEGG pathways such as
‘Viral carcinogenesis’, ‘Prostate cancer’, ‘Proteoglycans in cancer’ and ‘p53
signaling pathway’ (Supplementary Table 3) provide further support for the
participation of miR-96 in cancer pathways. Beside the roles in cancer, in recent
years, many studies have been conducted on miR-96 to investigate the
relationship between miR-96 and osseous diseases (12,16,21). As a result of
these studies, a strong association of miR-96 with this pathway has been found.
Currently, it is hypothesized that the Wnt signaling pathway, which plays a role
in cancer progression, also plays an important role in bone morphogenesis
(13,14). In our enrichment analyses, interestingly, ‘bone cell development’
biological process is also identified as one of the enriched BPs (Supplementary
Table 2). Our analysis suggests that miR-96 function in this pathway by the
putative interactions with ANXA2, MED1, FBN1, PTPN6, WASF2 and EP300 genes.
Since FBN1 mutations are found in Marfan syndrome, a connective-tissue
disorder, it is found intriguing and remarkable to have this gene as a target of
miR-96 (Supplementary Table 1-2) which may link the DDH with dysregulation of
miR-96 levels (22). DDH, which is one of the most common musculoskeletal
findings in patients with Marfan syndrome, and early-onset osteoarthritis due to
this, support this view (23,24). Also, Sponseller et al. (25) noticed that Marfan
syndrome patients had 2% DDH. This means a 20-fold increased risk compared
to the normal population (26). The fact that 4 of the 5 genes responsible for
Loeys-Dietz syndrome which show similar characteristics with Marfan syndrome
related to the TGF-B family supports this idea. The fact that SMAD3, the gene
responsible for Loeys-Dietz syndrome type 3 (Aneurysms-Osteoarthritis
syndrome), plays a mediating role in the transition from the TGF-B pathway to
the Wnt pathway and its association with the MAPK pathway also supports our
idea. The involvement of TGF-B and PI3K-Akt pathway in osteoblast
differentiation and MAPK pathway in osteoclast differentiation diversifies the
data on the role of miR-96 in the etiology of DDH.
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Since Dicer deficiency has an notable impact on osteoblasts and osteoclasts
pathways, it is suggested that miRNAs may be involved in skeletal development
and bone homeostasis as well (27,28). Suomi et al. (29) showed that miR-96
suppresses chondrogenic differentiation in favor of osteogenesis which is further
validated by another reported study by Laine et al. (21) according to their
findings, increased miR-96 expression is observed during osteogenesis. Ma et al.
(30) showed that miR-96 is essential to promote osteoblast differentiation, and
it is documented that miR-96 plays this role via the Wnt signaling pathway. Yang
et al. (12) also demonstrated that miR-96 promotes osteogenic differentiation in
osteoblastic cells. These conditions may be one of the components of insufficient
osteogenesis observed in DDH patients. To be consistent with these results, in
our study, we found that miR-96 levels were approximately 3-fold lower in
individuals with DDH compared to DDH-free individuals. However, Liu et al. (13)
had published that miR-96 inhibits osteogenic differentiation. This outcome is
not coherent with our conclusion and other studies. This situation may be due to
the fact that the patient group examined in this study was osteoporotic patients
older than 70 years.

The authors are aware of the fact that miR-96 expression level evaluation from
the hip joint capsule and ligament would have contributed more to elucidate the
etiology of the disease and to draw stronger conclusion. Thus, we think that one
of the limitations of presented study is investigation of miR-96 level in peripheral
blood sample instead of the affected tissue. In addition, the lack of evaluation of
the relationship between miR-96 expression level and clinical severity among
patients with DDH is another shortcoming of this study. These points will be
addressed in further studies.

On the other hand, our work is the first study to investigate the correlation of
DDH and miR-96 levels. Considering the crucial roles of miRNAs in different
biological processes, and based on our data, we are confident that our findings
provide new insights into DDH etiology with respect to altered miR-96 expression
level in patients. Support from the follow-up studies, especially the functional
studies, may contribute to explain the link between miR-96 and DDH, and
consequently miR-96 mimics may be used in the treatment of DDH.
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