
Journal of Orthopaedic Translation 29 (2021) 10–18
Contents lists available at ScienceDirect

Journal of Orthopaedic Translation

journal homepage: www.journals.elsevier.com/journal-of-orthopaedic-translation
Differential gene expression profile by RNA sequencing study of elderly
osteoporotic hip fracture patients with sarcopenia

Yang-Jae Kang a,b, Jun-Il Yoo c,*, Kyung-Wan Baek c

a Division of Applied Life Science Department at Gyeongsang National University, PMBBRC, Jinju, Republic of Korea
b Division of Life Science Department at Gyeongsang National University, Jinju, Republic of Korea
c Department of Orthopaedic Surgery, Gyeongsang National University Hospital, Jinju, South Korea
A R T I C L E I N F O

Keywords:
Differential gene expression
RNA sequencing
Hip fracture
Osteoporosis
Sarcopenia
* Corresponding author. Department of Orthopaed
Korea.

E-mail address: furim@hanmail.net (J.-I. Yoo).

https://doi.org/10.1016/j.jot.2021.04.009
Received 4 January 2021; Received in revised form

2214-031X/© 2021 The Authors. Published by Elsev
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
A B S T R A C T

Background: The purpose of this study was to report the RNA sequencing profile according to the presence or
absence of sarcopenia in elderly patients with osteoporotic hip fracture. Therefore, an important genetic factor
candidate for sarcopenia causing hip fracture in elderly with osteoporosis has been identified.
Methods: The patient group involved subjects over 65 years who had undergone hip fracture surgery. Among 323
hip fracture (HF) patients identified from May 2017 to December 2019, 162 HF patients (90 non-sarcopenia and
72 sarcopenia groups), excluding subjects with high energy trauma and non-osteoporosis, were finally included in
the analysis. For RNA sequencing, each patient with hand grip strength (HGS) values in the top 10% were enrolled
in the control group and with the bottom 10% in the patient group. After excluding patients with poor tissue
quality, 6 patients and 5 patients were selected for sarcopenia and non-sarcopenia groups, respectively. For qPCR
validation, each patient with HGS values in the top 20% and bottom 20% was enrolled in the control and patient
groups, respectively. After excluding patients with poor tissue quality, 12 patients and 12 patients were enrolled
in the sarcopenia and non-sarcopenia groups, respectively. Sarcopenia was defined according to the Asia Working
Group for Sarcopenia (AWGS) criteria for low muscle strength (hand grip strength below 18 kg in women and 28
kg in men) and low muscle mass (SMI below 5.4 kg/m2 in women and 7.0 kg/m2 in men). The libraries were
prepared for 100 bp paired-end sequencing using TruSeq Stranded mRNA Sample Preparation Kit (Illumina, CA,
USA). The gene expression counts were supplied to Deseq2 to extract possible gene sets as differentially expressed
genes (DEG) that discriminate between sarcopenia and non-sarcopenia groups that were carefully assigned by
clinical observation. For the classification of the candidate genes from DEG analysis, we used the public databases;
gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG). Quantitative real-time PCR was
performed for validation.
Results: Samples collected were subjected to RNAseq using the Illumina platform. A total of 11 samples from both
sarcopenia and non-sarcopenia groups were sequenced. Fifteen genes (RUNX 1, NGFR, CH3L1, BCL3, PLA2G2A,
MYBPH, TEP1, SEMA6B, CSPG4, ACSL5, SLC25A3, NDUFB5, CYC1, ACAT1, and TCAP) were identified as
differentially expressed genes (DEG) in both the groups.
In the qPCR results, the expression levels of SLC25A3 and TCAP gene in the OS group were significantly lower
than in the non-OS groups whereas an increase in RUNX1 mRNA level was observed in the OS samples (p < 0.05).
Conclusions: In summary, this study detected gene expression difference according to the presence or absence of
sarcopenia in elderly osteoporosis female patients with hip fracture. We have also identified 15 important genes
(RUNX 1, NGFR, CH3L1, BCL3, PLA2G2A, MYBPH, TEP1, SEMA6B, CSPG4, ACSL5, SLC25A3, NDUFB5, CYC1,
ACAT1, TCAP), a few GO categories and biological pathways that may be associated with the osteosarcopenia.
Our study may provide effective means for the prevention, diagnosis and treatment sarcopenia in elderly oste-
oporosis female patients.
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The Translational potential of this article: These findings provide a novel insight into the effects of aging on the
response in women with postmenopausal osteoporosis. Further studies are underway to identify the specific
signalling pathways involved. These results reveal potential therapeutic targets that could aid the regenerative
capacity of aging skeletal muscle.
1. Introduction

The world's population is expected to age rapidly in most of the re-
gions and people are living a longer life. This situation is similar in Korea
and the country became an aging society (elderly population �7% of the
total population) in 2000 [1]. In 2018, Korea became an aged society
(defined as an elderly population �14% of the total population), and by
2026 will be a super-aged society (elderly population �20% of the total
population) [2].

In elderly populations, there exists a high prevalence of many chronic
diseases including osteoporosis and sarcopenia [3]. Although
osteoporosis-related studies involving the elderly population have re-
ported clinical outcomes and established treatment guidelines in the last
decades; in recent years, increased attention has been given to sarcopenia
and related studies [4,5]. In addition, sarcopenia has been the Interna-
tional Classification of Disease, Tenth Revision, Clinical Modification
(ICD-10-CM) as M62.84 since October 1, 2016 [6].

Sarcopenia has been mostly manifested in metabolic diseases, such as
diabetes, obesity, cachexia, and some specific diseases, including chronic
renal failure, congestive heart failure, and chronic obstructive pulmonary
disease. However, sarcopenia is significantly associated with osteopo-
rosis in the elderly population. Several studies have confirmed that sar-
copenia and osteoporosis (osteosarcopenia) share common risk factors
and biological pathways, and osteosarcopenia is associated with a sig-
nificant physical disability, representing a significant threat to loss of
independence in later life [2,7]. The combination of these two diseases
exacerbates negative health outcomes and has been described as a
“hazardous duet” adding the propensity of falling from sarcopenia to
vulnerability of bones in those with osteoporosis. The combined effect of
sarcopenia and osteoporosis represents a serious problem in the elderly
[8].

Previously, a biomarker study on sarcopenia in patients with hip
fractures and a few genomic studies involving sarcopenia according to
aging were carried out.

However, the purpose of this study was to report the RNA sequencing
profile based on the presence or absence of sarcopenia in elderly osteo-
porotic female patients with hip fractures. Consequently, an important
genetic factor candidate for sarcopenia causing a hip fracture in elderly
women with osteoporosis has been identified.

2. Methods

2.1. Study subject

The patient group involved subjects over 65 years who had under-
gone hip fracture surgery. Among 323 hip fracture (HF) patients identi-
fied from May 2017 to December 2019, 162 HF patients (90 non-
sarcopenia and 72 sarcopenia groups), excluding subjects with high en-
ergy trauma and non-osteoporosis, were finally included in the analysis.
For RNA sequencing, each patient with hand grip strength (HGS) values
in the top 10% were enrolled in the control group and with the bottom
10% in the patient group. After excluding patients with poor tissue
quality, 6 patients and 5 patients were selected for sarcopenia and non-
sarcopenia groups, respectively. For qPCR validation, each patient with
HGS values in the top 20% and bottom 20% was enrolled in the control
and patient groups, respectively. After excluding patients with poor tis-
sue quality, 12 patients and 12 patients were enrolled in the sarcopenia
and non-sarcopenia groups, respectively (Fig. 1).

The study protocol was approved by the Institutional Review Board
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(IRB) of Gyeongsang National University Hospital (IRB number: 2019-
02-013).

2.2. Muscle samples preparation

Muscle samples were collected by 5 � 5 � 3 mm gluteus maximus
obtained from the surgical opening. Tissues were stored at �80 �C in
Tissue-Tek (Miles, Elkhart, IN, USA).

2.3. Diagnosis for osteosarcopenia

Body composition was measured by whole-body DXA (DPX-NT; GE
Medical Systems Lunar, Madison, WI, USA). Bone mineral content, fat
mass, and lean soft tissue mass were measured separately for each part of
the body, including the arms and legs. The lean soft tissue masses of the
arms and legs were almost equal to the skeletal muscle mass. As absolute
muscle mass correlates with height, the skeletal muscle mass index (SMI)
was calculated by the following formula: lean mass [kg]/height2 [m2],
which is directly analogous to body mass index (BMI: weight [kg]/
height2 [m2]). Arm SMI was defined as (arm lean mass [kg]/height2

[m2]). Leg SMI was defined as (leg lean mass [kg]/height2 [m2]).
Appendicular SMI was defined as the sum of the arm and leg SMIs.

Muscle strength was assessed by handgrip strength using an analogue
dynamometer (TK 5001 Grip-A, Takei, Tokyo, Japan). In the sitting po-
sition, the elbow was flexed at 90� with the shoulder attached to the
torso, with the wrist maintaining a neutral posture (0�) and the grip with
maximal strength was measured.

Sarcopenia was defined according to the Asia Working Group for
Sarcopenia (AWGS) criteria for low muscle strength (hand grip strength
below 18 kg in women and 28 kg in men) and low muscle mass (SMI
below 5.4 kg/m2 in women and 7.0 kg/m2 in men) (16).

Bone mineral content (BMC) and bone mineral density (BMD) at the
total femur, femoral neck, and lumbar spine (L1-L4) sites were measured
by trained technicians using dual-energy X-ray absorptiometry (Lunar
Prodigy, GE Healthcare, Madison, WI, USA). Osteoporosis was diagnosed
with supplying by the DXA manufacturer (from Japanese population)
using T-score criteria of the World Health Organization: Normal, T-score
of the total femur, femoral neck, and lumbar spine at either site � �1;
Osteopenia, �2.5 < the lowest T-score < �1; Osteoporosis, the lowest T-
score � �2.5.

Osteoporosis was defined as a BMD 2.5 standard deviation (SD) below
the peak bone mass of a young, healthy, gender-, and race-matched
reference population according to the World Health Organization
(WHO) diagnostic classification. The relation between BMD (T-score)
and SMI was used for the classification of osteosarcopenia (T-score �
�2.5 and low SMI) and normal (high T-score and high SMI). Nutritional
status was assessed before surgery with the complete Mini nutritional
assessment (MNA). The screening part consists of questions about food
intake, weight loss, mobility, stress, neuropsychological problems and
body mass index (BMI). The assessment part consists of more detailed
questions about food intake, the self-view of nutritional and health status
and measurements of mid-arm and calf circumference. Malnourished
patients were defined as having a MNA score less than 17 points.

2.4. Experimental method

The libraries were prepared for 100 bp paired-end sequencing using
TruSeq Stranded mRNA Sample Preparation Kit (Illumina, CA, USA).
Namely, mRNA molecules were purified and fragmented from 1 μg of



Figure 1. Flow-chart of patient selection.
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total RNA using oligo (dT) magnetic beads. The fragmented mRNAs were
synthesized as single-stranded cDNAs through random hexamer priming.
By applying this as a template for second-strand synthesis, double-
stranded cDNA was prepared. After the sequential process of end
repair, A-tailing and adapter ligation, cDNA libraries were amplified with
PCR (Polymerase Chain Reaction). The quality of the cDNA libraries was
evaluated with the Agilent 2100 BioAnalyzer (Agilent, CA, USA). The
libraries were quantified with the KAPA library quantification kit (Kapa
Biosystems, MA, USA) according to the manufacturer's library quantifi-
cation protocol. Following cluster amplification of denatured templates,
sequencing was progressed as paired-end (2 � 100bp) using Illumina
HiSeq platform sequencer (Illumina, CA, USA).

2.5. Transcriptome data analysis

Low-quality reads were identified according to the following criteria;
reads include more than 10 percent of missed bases, reads include more
than 40 percent of bases whose quality scores are less than 20 and reads
from which average quality scores of each read are less than 20. The
entire filtering process was done using the in-house scripts. The filtered
short reads were mapped to the human reference coding sequence se-
quences (CDS), version GRCh38, using software Kallisto [9]. The gene
expression counts were supplied to Deseq2 to extract possible gene sets as
differentially expressed genes (DEG) that discriminate between sarco-
penia and non-sarcopenia groups that were carefully assigned by clinical
observation [10]. Based on the fold-changes and adjusted p-values, the
candidate genes were listed.
12
2.6. Gene classification analysis

For the classification of the candidate genes from DEG analysis, we
used the public databases; gene ontology (GO) [11] and Kyoto Ency-
clopedia of Genes and Genomes (KEGG) [12]. The GO annotations were
downloaded from the Ensembl databases; Human genes (GRCh38. p13)
of Ensembl Genes 100 [13]. GO enrichment analysis was implemented by
fisher's exact test and the resulting p-values were corrected by fdr-bh of
python module state models [14].

2.7. Quantitative real-time RT-PCR (qPCR)

As a template for PCR amplification, 1.3 μL of previously synthesized
cDNA was used for RNA-sequencing. The cDNA was mixed with forward
and reverse primers for RUNX1, SLC25A3, BCL3, CHI3L1, MYBPH,
ACSL5, NDUFB5, NGFR, PLAG2A, CSPG4, SEMA6B, TEP1, AC068506.1,
THBS1, ACAT1, CYC1, TCAP, and HPN in a 384-well plate (MicroAmp®
384-well Reaction Plate with Barcode, Applied Biosystems, Foster City,
CA, USA) containing Power SYBR Green PCR Master Mix (Applied Bio-
systems, Warrington, UK). Each sample was measured in triplicate. To
normalize the mRNA levels among the samples, GAPDHwas amplified by
real-time RT-PCR (qPCR) as a housekeeping gene. The analysis was
performed using the ViiA™ 7 real-time PCR system (Applied Biosystems,
USA). The sequences of the primers used in the experiments are shown in
Table 1. The cycle threshold values measured after the experiment were
analyzed by the relative quantification 2�ΔΔC(T) method.



Table 1
Primer sequences of target genes for quantitative real-time RT- PCR analysis.

Gene Forward primer (50 → 30) Reverse primer (50 → 30)

GAPDH AGCCACATCGCTCAGACAC GCCCAATACGACCAAATCC
RUNX1 TCTTCACAAACCCACCGCAA CTGCCGATGTCTTCGAGGTTC
SLC25A3 TATCTCTGGCGCACATCACTA CTTAGCAGCTTCCATAGGAGC
BCL3 AACCTGCCTACACCCCTATAC CACCACAGCAATATGGAGAGG
CHI3L1 GAAGACTCTCTTGTCTGTCGGA AATGGCGGTACTGACTTGATG
MYBPH CCAGGGGAAGCCTAAGCCT CGAGCGAATGAAGAGGATGGA
ACSL5 TGGCTATCTTACAAACAGGTGTC TCCACTCTGGCCTATTCTGAG
NDUFB5 AGCTGGAAGTGCGAAAATTGA ATACCAGGGTCCATCTCCTCT
NGFR CCTACGGCTACTACCAGGATG CACACGGTGTTCTGCTTGT
PLA2G2A CTGTTGCTACAAACGTCTGGA GCTCCCCGAGTTGCTAAACTT
CSPG4 GCCACGTTGTCAGTCGATG CCCATAGGGGACCTCTAGGG
SEMA6B AAACGTGTGTCGGATGAAGGG GGGTTGAAGGCGTTGGAAC
TEP1 TGGGTCGTTGGTTTGATTCAG GCTTCACGGCCAGATCCTC
AC068506.1 CACGCACAGATGGAAGAAAT CACCCAATCTTCCATTGCAT
THBS1 TGCTATCACAACGGAGTTCAGT GCAGGACACCTTTTTGCAGATG
ACAT1 ATGCCAGTACACTGAATGATGG GATGCAGCATATACAGGAGCAA
CYC1 CTTCGCGGGGTAGTGTTGG GGCCAGACTTCGACGACAA
TCAP GTCGGAGGAGAACTGTGAGC ATGCCCATCCGCATCATCAG
HPN GGGCCATTGTGGCTGTTCT CGTCCCTTCCGTCTTGTCAAA
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3. Results

3.1. Comparison of parameters based on the presence of osteosarcopenia

Age (P ¼ 0.638), grip strength (P ¼ 0.168), vitamin D (P ¼ 0.635),
parathyroid hormone (P¼ 0.754), and femur neck BMD (P¼ 0.626) were
not significantly different between the two groups. The demographic
data of the patients are shown in Table 2.
3.2. Gene associated with the diagnosis of osteosarcopenia

Samples collected were subjected to RNAseq using the Illumina
platform. A total of 11 samples from both sarcopenia and non-sarcopenia
groups were sequenced (Table S1). Based on the number of produced
reads and the mapping rate, we determined the RNAseq results were
reliable for the downstream analysis (Fig. S2). The average amount of
each sample reads was 6.4 Gbases. More than 97 percent of the sequences
were over Q30 base quality scores. The sequences were quantified into
gene expressions using the Kallisto software [9]. Fifteen genes (RUNX 1,
NGFR, CH3L1, BCL3, PLA2G2A, MYBPH, TEP1, SEMA6B, CSPG4, ACSL5,
SLC25A3, NDUFB5, CYC1, ACAT1, and TCAP) were identified as
differentially expressed genes (DEG) in both the groups with statistical
significance (adjusted p-value < 0.01) by software Deseq2 (Fig. 2A).

Notably, the expression patterns of the DEGs were classified into three
groups. The genes in Group 1 showed elevated expression in the sarco-
penia patients, especially the first two cases while the non-sarcopenia
Table 2
Comparison of parameters according to presence of sarcopenia.

Parameters Non-sarcopenia (n ¼
5)

Sarcopenia (n ¼
6)

p-value

Age (years) 79.89 � 7.16 79.82 � 9.30 0.638
BMI (kg/m2) 24.89 � 7.16 21.83 � 9.30 0.063
Grip strength (kg) 12.03 � 5.00 9.58 � 3.62 0.168
SMI (kg) 6.40 � 0.65 4.83 � 0.35 <0.001
Vitamin D (ng/ml) 11.30 � 9.23 22.29 � 9.10 0.635
PTH (ng/ml) 71.91 � 38.92 84.24 � 164.31 0.754
Smoking status 0 0
*Physical activity
(�moderate)

1 1 0.887

MNA score <17 3 4 0.819

BMI; body mass index, SMI; skeletal muscle mass, PTH; Parathyroid hormone,
MNA; mini nutritional assessment, * Based on the IPAQ Scoring Protocol: mod-
erate intensity activity � 5 days per week
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patients exhibited low expression levels. The genes in Group 2 showed
elevated expression in all the sarcopenia patients compared to the low
expression in non-sarcopenia patients. On the other hand, the genes in
Group 3 showed elevated expression in non-sarcopenia patients. For the
functional annotation, the DEGs were classified by the Kegg Brite data-
base (Fig. 3A) [12].

Sarcopenia and osteoporosis have commonly reported pathophysio-
logical characteristics like fat penetration into the muscle and bone [15].
Supporting this knowledge, typically representing classes were “Exo-
some” and “Enzyme” and the genes commonly classified in both the
classes were ACSL; long-chain acyl-CoA synthetase and ACAT;
acetyl-CoA C-acetyltransferase. ACSL5 showed clear upregulation while
ACAT1 showed downregulation in the sarcopenia patients (Fig. 2B).
Especially, ACSL5 has hub genes as interacting partners based on human
reference interactome (HuRI) (Fig. 4 and Table S3) [16]. The hub
interactors of ACSL5 provide insights into the link between the pertur-
bations in ACSL5 and sarcopenia. The interacting hub genes; solute
carrier (SLC) families, transmembrane protein 14 B (TMEM14B), and
aquaporin 6 (AQP6) implies that the transport-related protein activities
can be related to sarcopenia. Notably, another SLC family SLC25A3
showed significant down-regulation in sarcopenia patients (Fig. 2B).

Meanwhile, previous researches showed changes in the muscle and
bone structure in response to high levels of fat and suggested an increase
in the levels of apoptosis and autophagy [17]. Consistent with the results,
HLA-F and HLA-DR3B showed differential expression and were mapped
to the pathway, “Phagosome” (ko04145) in Kegg Pathway (Fig. 2B).
Moreover, the DEGs; HPN, RUNX1, MRPL45, and TCAP revealed classi-
fication of the hub interactors under the GO term “macroautophagy”
(GO:0016,236), “regulation of macroautophagy” (GO:0016,241), and
“chaperone-mediated autophagy” (GO:0061,684) (Table S3) thereby
suggesting that the patients with sarcopenia may have different auto-
phagy regulations.

3.3. qPCR validation results

In the qPCR results, no significant differences were observed in BCL3,
CHI3L1, MYBPH, ACSL5, NDUFB5, NGFR, PLA2G2A, CSPG4, SEMA6B,
TEP1, AC068506.1, THBS1, ACAT1, CYC1, and HPN genes expression
level between the non-OS and OS groups (Fig. 5). The expression levels of
SLC25A3 and TCAP gene in the OS group were significantly lower than in
the non-OS groups whereas an increase in RUNX1 mRNA level was
observed in the OS samples (p < 0.05).



Figure 2. Genes associated to sarcopenia diagnosis (A) DEG heatmap clearly separating sarcopenia from normal patients (B) Swarm plot of known genes in each
expression group.

Figure 3. Kegg Brite classification of DEGs (A) Network-based Kegg Brite classification; red circles represent Kegg Brite classes, the size of red circles shows the
number of corresponding genes, and blue circles represent genes corresponding the classes (B) The gene members in “Exosome” and “Enzyme” classes that are mostly
found from the DEGs. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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4. Discussion

The main finding of this study was the identification of 15 genes
(RUNX 1, NGFR, CH3L1, BCL3, PLA2G2A, MYBPH, TEP1, SEMA6B,
CSPG4, ACSL5, SLC25A3, NDUFB5, CYC1, ACAT1, and TCAP) with large
differences in mRNA expression in skeletal muscle samples from patients
with osteosarcopenia. In addition, phagosome and endocytosis-related
pathways showed significant findings in the enrichment analysis. Previ-
ous studies related to muscles and Top 15 genes that demonstrated a
large difference in expression between the two groups are mentioned
below:
4.1. Muscle differentiation capacity and inflammation-related gene

With regards to ChIP-seq, ATAC-seq, and histone H3K4me1/H3K27ac
modification analyses related to RUNX 1, the association between Runx1-
14
dependent gene expression and markers related to muscle differentiation
such as MyoD and c-Jun was reported [18].

In RNA sequencing studies associated with the NGFR (Nerve Growth
Factor Receptor) gene, it was demonstrated that the cell surface receptors
ERBB3 and NGFR demarcate myogenic populations, including PAX7
progenitors in human fetal development and hPSC-SMPCs [19].

In addition, studies have shown that the CH3L1 gene acts as a myo-
kine that stimulates human myocyte proliferation during exercise. The
reports suggested that CHI3L1 is induced by acute exercise and that
CHI3L1/PAR-2 signaling activates myocyte proliferation, which is
important for the restructuring of skeletal muscle in the response to ex-
ercise training [20].

The BLC3 gene, which has been well-studied in many inflammatory
pathways, was also one of the genes demonstrating large differences in
expression. In the BCL-3 KO study, inhibition of fiber atrophy and
abolition of NF-kappaB reporter activity was observed, and it was proven



Figure 4. One step neighbors of DEGs based on HuRI network. The red nodes represent the DEGs, the green nodes are the known network hubs of one step neighbors
of DEGs, and the gray nodes are non-hub interactors of DEGs. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web
version of this article.)

Figure 5. qPCR validation results.
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that it was possible to suppress muscle progression and sarcopenia pro-
gression due to chronic inflammatory inflammation [21].

Finally, the difference in the expression level of PLA2G2A was also
identified as a distinctive feature. PLA2G2A gene has many known links
in endocrine diseases such as obesity or thyroid. Studies on the associa-
tion between PLA2G2A and T2DM have been conducted, one of the most
common causes of sarcopenia, and an increase in polymorphism has been
15
reported in T2DM patients [22]. However, further research on this
mechanism is necessary.

4.2. Skeletal muscle fiber, axon, and adipose tissue-related gene

Myosin Binding Protein and Myosin heavy chain genes play an
important role in the formation of skeletal muscle. In human muscle,
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MyHC isoforms such as types I, IIa, and IIx/d are expressed, and mRNA
expression has been reported to change with the progression in the aging
process [23]. However, the role of MYHC protein in sarcopenia has yet
not been clarified.

In an experimental study evaluating the myosin heavy chain plasticity
of aging skeletal muscle after aerobic exercise, a decrease in the MHC IIa
and IIx at mRNA and protein levels and an increase in MHC I protein
levels after training were reported followed by an increase in myosin
heavy chain plasticity. The study suggested that a shift towards an
oxidative MHC phenotypemay be beneficial for metabolic and functional
health in older individuals [24]. Telomeres protect chromosome ends
and shorten with age in most of the tissues.

Although none of the studies have directly analyzed the TEP1 gene,
many studies related to aging of telomere have been reported. Among
these studies, one study demonstrated that the C2C12 root canal pre-
treated with the p38 inhibitor (SB-202190) prevented A23187-induced
reduction in Trf1 mRNA expression, indicating a link between Trf1
gene expression and p38 MAPK activation [25].

Semaphorin 6 B is a member of the semaphorin family of signal
proteins, which have been implicated in various biological processes
such as axon guidance andmuscle regeneration. In one study, the authors
investigated the effect of fenofibrate as a PPARα activator on the
expression of the Sema6B gene in rat skeletal muscle. They conclude that
the expression of Sema6B is down-regulated by fenofibrate in rat skeletal
muscle [26].

Adipose and fibrous tissues in the muscle are observed in some
skeletal muscle pathologies such as Duchenne muscular dystrophy and
sarcopenia affects muscle strength and muscle development. In one study
based on RNA interference analysis, it was found that CSPG4 is involved
in the pro-adipogenic effect of bFGF, TGF-β-induced alpha-smooth
muscle actin expression, and stress fiber formation. It was suggested
that this finding would facilitate the development of effective therapies
for skeletal muscle pathology, by establishing additional markers for
MPC detection and characterizing its role in fibrotic/adipose production
differentiation [27].

A study on overexpression of Long-Chain Acyl-CoA Synthetase 5
(ACSL-5) revealed an increase in fatty acid oxidation and free radical
formation along with attenuation of insulin signaling in primary human
skeletal myotubes. The study concluded that ACSL-5 increases mito-
chondrial fatty acid oxidation in human skeletal muscle; however, it is
hypothesized that it may be associated with increased free radical pro-
duction and reduced insulin signaling [28].
4.3. Mitochondrial energy metabolism-related gene

A study was conducted on the loss of mitochondrial phosphate
transporter SLC25A3 in skeletal muscle and its association with mito-
chondria. The observations suggest that the loss of PiC encoded by acute
SLC25A3 can be compensated by an alternative route of Pi transport from
the skeletal muscle to the mitochondria. However, a decrease in ATP
synthesis and matrix Ca2 þ buffering capacity are likely to contribute to
initial fatigue. Therefore, further investigations on the SLC25A3 gene
involved in mitochondrial energy metabolism are necessitated [29].

The maximum oxygen intake and the amount of Type 1 fiber are
interrelated, but the underlying molecular mechanisms are not well un-
derstood. To elucidate the mechanisms, the gene expression profile in
skeletal muscle biopsy samples was evaluated. Eleven genes (NDUFB4,
COX5A, UQCRB, ATP5C1, ATP5G3, ETHE1, FABP3, ISCA1, MYST4,
C9orf3, and PKIA) were found to be positively correlated with both
Vo(2max) and the percentage of type 1 fibers. Vo(2max) closely reflects
the expression of OXPHOS genes, particularly the NDUFB5 and ATP5C1,
in skeletal muscle, thereby suggesting good muscle fitness [30]. Another
study reported the association between the CYC1 gene and apoptosis in
16
skeletal muscle [31].
In addition, Acyl-CoA metabolism in skeletal muscle regulates sys-

temic glucose homeostasis and is very important in maintaining skeletal
muscle strength. The impaired capacity of skeletal muscle to switch be-
tween the oxidation of fatty acid (FA) and glucose is linked to disordered
metabolic homeostasis. To understand how muscle FA oxidation affects
systemic glucose, a study has been conducted on mice with skeletal
muscle-specific long-chain acyl-CoA synthase (ACSL). It was reported
that acyl -CoA synthesized by other ACSL isoforms was not available for
β-oxidation, as the content of muscle acyl -CoA increased significantly
due to exhaustion after exercise. Further, it was suggested that
compartmentalization of acyl-CoA would seriously impair excessive
glucose demand and systemic glucose homeostasis [32].

Although there is no direct association with mitochondrial meta-
bolism, TCAP belonged to Group 2, and a study reported that TCAP
knockdown caused muscle atrophy [33].

4.4. Elucidation of the biologic process by enrichment analysis

In the enrichment analysis, biological processes like phagocytosis and
endosome were demonstrated to be highly related to osteosarcopenia in
elderly patients.

Although an imbalance between proteolysis and synthesis is known as
an important mechanism of sarcopenia, it is emphasized that the mech-
anism of degradation is more important for the elderly. Research on the
ubiquitin pathway, calcium calpain pathway, and autophagy has been
actively conducted to understand the mechanism of proteolysis. In
particular, the muscles of the hip fracture patients who had already un-
dergone osteoporosis were analyzed in the samples. It was found that
autophagy-related phagocytosis and endocytosis were significantly
involved in RNA sequencing thereby leading to sarcopenia. There have
been numerous studies on phagocytosis in skeletal muscle and the
mechanism involving impairment of IL15 signaling followed by inhibi-
tion of phagocytosis and promotion of skeletal muscle breakdown is most
often explained [34–36]. In addition, studies on the relationship between
endosome and Ecm29 have been reported [37,38].

4.5. Biologic process of phagosome related gene

KEGG pathway analysis revealed that F-actin [39–41], TUBB (beta--
tubulin) [42], MHCI, MHCII [43], and TSP (Thrombospondin) [44] were
affected in phagosomes (Fig. 3).

There are several limitations to this study. First, the number of sam-
ples included in RNA sequencing was small. For the classification of
patients and controls, comparisons between the two groups were per-
formed through clear phenotype differences and accurate labeling. In the
future, further studies will be carried out by involving a large sample size.
Second, all parameters related to bone and muscle interaction may not
have been adjusted. Third, it is difficult to rule out the possibility that the
results of the study are not due to the disease itself but due to individual
differences. However, to exclude individual differences, demographic
factors such as age, sex, and test results were matched, and PCR verifi-
cation was conducted.

So far, many genomic studies related to sarcopenia have been con-
ducted. Nevertheless, the strength of this study relies on classification
based on the presence or absence of sarcopenia in elderly patients with
osteoporosis. In other words, an analysis of the mechanism for the
development of sarcopenia was performed in elderly patients who had
already undergone osteoporosis. In addition, when the two groups were
divided, the upper and lower 10% extremes were selected and labeling
was performed to avoid the patients in the gray zone. It can be considered
that the candidate gene for identifying the risk factor or genetic factor
that progresses to sarcopenia in the elderly with osteoporotic hip fracture
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has already progressed. In the future, the results of this study are ex-
pected to be used to develop treatments to prevent re-fracture in osteo-
porotic hip fracture patients and prevent fractures caused by falls in
patients with osteosarcopenia.

5. Conclusions

In summary, this study detected gene expression differences accord-
ing to the presence or absence of sarcopenia in elderly osteoporosis fe-
male patients with hip fractures. We have also identified 15 important
genes (RUNX 1, NGFR, CH3L1, BCL3, PLA2G2A, MYBPH, TEP1,
SEMA6B, CSPG4, ACSL5, SLC25A3, NDUFB5, CYC1, ACAT1, and TCAP),
a few GO categories, and biological pathways that may be associated
with osteosarcopenia. It is hypothesized that the results of our study may
provide effective means for the prevention, diagnosis, and treatment of
sarcopenia in elderly osteoporotic female patients.
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