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Abstract. The present study aimed to investigate the differential
expression of long non-coding RNAs (IncRNAs) in rheumatoid
arthritis (RA). High-throughput gene sequencing technology
was used to detect the expression of IncRNA and mRNA in three
patients with RA (RA group) and normal controls (NC group).
A Bioinformatics analysis was used to assess the effects of
differentially expressed mRNAs on signaling pathways and
biological functions. The selected dysregulated IncRNAs were
verified by reverse transcription-quantitative (RT-q)PCR in the
peripheral blood mononuclear cells (PBMCs) of patients with
RA and age- and sex-matched controls. A correlation analysis
was used to analyze the relationship between IncRNAs and
clinical indexes. From the IncRNA sequencing data, signifi-
cantly differentially expressed IncRNAs between the RA and
NC groups were identified by a fold change =2 and P<0.05.
Gene Ontology and Kyoto Encyclopedia of Genes and Genomes
analysis suggested that the differentially expressed mRNAs were
mainly involved in organelle composition, intracellular regula-
tion, signaling pathways, cancer, virus and inflammation. A total
of four of these IncRNAs were confirmed by RT-qPCR to be
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significantly differentially expressed (LINC00304, MIR503HG,
LINCO01504 and FAM95BI1). Through the correlation analysis,
it was confirmed that there was a strong correlation between
these IncRNAs and clinical laboratory indicators and indexes
such as course of disease, arthrocele and joint tenderness.
Overall, the present results suggested that the expression levels of
LINC00304,MIR503HG, LINC01504 and FAM95B1 in PBMCs
from patients with RA may serve as potential biomarkers for RA
diagnosis, influencing the occurrence and progress of RA.

Introduction

Rheumatoid arthritis (RA) is an autoimmune disease of the
human body that is characterized by progressive destruction of
the peripheral joint and its surrounding tissues (1). The global
incidence of RA has been estimated to be 0.5-1% (2). The
pathogenesis of RA is complex and may be caused by unknown
antigens that are sensitive to certain inherited factors. Genetic,
epigenetic and environmental factors may contribute to disease
susceptibility and progression. The factors (that require confir-
mation), such as viruses, sex hormones and neurodevelopmental
state, are closely related (3). Due to its numerous complications
and high disability rate, RA has a significant impact on affected
individuals, their families and society, and places an emotional
and financial burden on them (4). Therefore, it is of great
significance to explore the pathogenesis of RA and discover
biomarkers and therapeutic targets for reducing the disability
rate of RA and improving the quality of life of patients.

Long non-coding RNAs (IncRNAs) are >200 nucleotides
in length and account for 98% of the ncRNA in the transcribed
human genome (5). Certain studies have indicated that IncRNAs
have an indispensable role in the pathogenesis of RA (6,7). For
instance, a novel type of IncRNA, C5T1IncRNA, transcribed
from a region between the TNF receptor-associated factor 1
(TRAFI) and TRAF1-complement component 5 (TRAF1-C5)
genes, has been reported to be mainly expressed in the nucleus.
A positive correlation between C5T1IncRNA and the expres-
sion of TRAFI1-CS5 was identified in synovial fibroblasts and
peripheral blood mononuclear cells (PBMCs) of patients with
RA. C5T1IncRNA is able to participate in the pathogenesis of
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RA by regulating the transcription of the TRAFI-C5 gene in
the same genomic region (8).

Although the role of IncRNAs in RA has been increasingly
investigated, the current understanding of the function and regula-
tory mechanisms of IncRNAs in the development and progression
of RA remains limited. In particular, the expression of IncRNAs
and mRNAs in PBMCs of patients with RA and the relationship
between IncRNAs and clinical indexes remain to be determined.

In the present study, after comparing 3 RA samples with
3 negative control (NC) samples to characterize the IncRNA
expression profile in PBMCs, 10 RA samples and 10 NC
samples were selected to evaluate the expression of IncRNA
by reverse transcription-quantitative (RT-q)PCR. The correla-
tions between the IncRNAs and the RA disease activity index,
disease activity score (DAS) including a 28-joint count rheu-
matoid arthritis DAS (DAS-28) and the 36-item short-form
survey (SF-36) score (9,10), were analyzed. The results indi-
cated that differentially expressed IncRNAs may be involved
in the pathogenesis of RA, suggesting that they may have
potential as novel biomarkers for the diagnosis and prognosis of
RA. In the future, experiments with a larger sample size will be
required to verify the present results and to clarify the regula-
tory mechanisms of the roles of IncRNAs in patients with RA.

Materials and methods

Patients and biochemical measurements. A total of 10 patients
with RA were selected from the Department of Rheumatology
and Immunology, the First Affiliated Hospital of Anhui
University of Chinese Medicine (FAHAUCM; Hefei, China)
between June 2019 and July 2019. The cohort comprised
9 females and 1 male with a mean age of 43.7 years (range,
27 to 68 years). Furthermore, 10 normal controls (NCs)
were recruited, who were age and sex-matched with the case
group and who received a routine physical examination at the
Department of Health of the FAHAUCM. All patients with
RA fulfilled the new classification criteria of RA proposed by
the American Rheumatology Society and the European Union
against Rheumatism in 2010 (11). Patients who had serious
heart, liver or kidney diseases, mental disorders and pregnant or
lactating females were excluded. Informed consent was obtained
from all participants, including the RA group and NC group,
prior to initiation of the study and it was approved by the Ethics
Committee of the FAHAUCM. It was performed in compliance
with the recommendations of the Declaration of Helsinki.

For patients with RA, disease activity was determined using
the disease activity SF-36 scale and the DAS-28 scoring system
based on a questionnaire survey (10). This provided an absolute
number reflecting disease activity from four items in DAS-28,
including the number of arthrocele and tender joints, the visual
analogue scale and the erythrocyte sedimentation rate (ESR)
in the first hour (12). ESR, high-sensitivity C-reactive protein
(CRP), rheumatoid factor (RF), anti-cyclic citrullinated peptide
antibody, immunoglobulin A (IgA), IgG, IgM, C3 and C4 were
measured enzymatically using an autoanalyzer (Hitachi 747,
Hitachi). Patients with values of >8 mg/ml for CRP and
RF >20 IU/ml were considered positive for RA.

PBMC preparation and total RNA extraction. From each
donor, 5-ml blood samples collected immediately were added

to 7.5 ml Ficoll-Paque plus (Cytiva) and centrifuged at 1,2000 g
for 15 min (2-8°C). It has been proposed that the intermediate
flocs should be washed and collected twice with 9 ml PBD.
The intermediate flocs were collected twice by centrifugation
at 7,500 gx5 min (2-8°C). Subsequently, total RNA was extracted
from the freshly obtained PBMCs using TRIzol reagent (Takara
Bio, Inc.) according to the manufacturer's protocol.

IncRNA and mRNA sequencing (seq). The quality of all partici-
pants' RNA (including participants who are sequenced first and
participants who are verified later) were evaluated by a nanometer
photometer spectrophotometer IMPLEN). The Qubit RNA Assay
Kit with the Qubit 2.0 Fluorometer (Thermo Fisher Scientific,
Inc.) and an Agilent Bioanalyzer 2100 (Agilent Technologies,
Inc.) were used to determine the RNA concentration and examine
the RNA integrity, respectively. Subsequently, the RNA library
was constructed using a total amount of 3 ug of RNA each
sample, and its RNA integrity number was >7.0. Ribosomal RNA
(tRNA) was removed by the Epicentre Ribo-zero rRNA Removal
kit (Epicentre; Illumina, Inc.) according to the manufacturer's
protocol. Afterwards, the strand-specific sequencing libraries
was obtained by the New England Biolabs (NEB) Next Ultra
Directional RNA Library Prep Kit for [llumina (NEB) using
the dUTP method. The RNA-seq assay was accomplished on
an Illumina Hiseq 2000 platform (Illumina, Inc.) and 100 bp
paired-end reads were obtained. The preparation of the total tran-
scriptome libraries was completed by YuXi Bioinformatics Corp.

Verification of significantly upregulated IncRNAs. PBMCs were
isolated immediately after 5-ml blood samples were collected
from each donor. PBMCs from 10 patients with RA and 10 NCs
were used for validation of six IncRNAs by RT-qPCR. Total RNA
was obtained from the PBMCs with TRIzol (Thermo Fisher
Scientific, Inc.) and was used for synthesis of complementary DNA
with the ReverTraAc real-time qPCR kit (Takara Bio, Inc.) (13).
The amplification conditions were as follows: Pre-denaturation
at 95°C for 10 min; denaturation at 95°C for 15 sec, annealing
at 60°C for 30 sec, and extension for 120 sec. A total of 25 cycles
and 30 cycles were used to amplify the 500 bp fragment (14)
The primer sequences are provided in Table I. Divergent primer
design refers to Panda and Gorospe. To synthesize cDNA from
total RNA, Prime-Script Master Mix (Takara Bio, Inc.) was
used (60°C for 30 min). The relative expression of IncRNA was
subsequently detected using the TB Green Premix Ex Taq II
(Tli RNaseH Plus; Takara Bio, Inc.) with 3-actin as an internal
control (15). The relative expression levels were quantified from
three independent experiments by the 224 method (16).

Functional group analysis. Analysis of the biological func-
tions and signaling pathways of the abnormally expressed
mRNAs was performed by utilizing the Gene Ontology (GO;
www.genontology.org) and Kyoto Encyclopedia of Genes
and Genomes (KEGG; www.genome.ad.jp/KEGG) data-
bases (17,18). P<0.05 was considered to indicate a statistically
significant difference. The top 20 significantly differentially
expressed genes were subjected to GO functional enrichment
analysis. On the abscissa, the functional terms in the three
basic categories of GO (biological process, cellular component
and molecular function) were presented. The enrichment of
KEGG was calculated in a similar manner as the GO analysis.
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Table I. Specific primers used for quantitative PCR analysis.

Gene name Sequence (5'-3") Product length (bp)

LINCO01504 F:-TTGGCTAACGGAGTTTTGCT 146
R:CTTCTGAGGCCTGGATCTTG

LINC00968 F:GCCCAGTTGACAGGAAATGT 182
R:TTGGTTCTCAATGGGATGGT

FAM95B1 F:GGAGCTCAGTGCCCTCATAG 141
R:GCTCCAGGATGATGGTGTCT

MIRS503HG F:CCCCCAACAAAGGAACACTA 142
R:ACTTGGGTGGTTTTCAATGC

LINC00304 F:CCGTCCAAGAGCAAAGCTAC 143
R:GGCATCAGGCAAAATCAAGT

LINCO1146 F:ATTCAGCCAACCAACTGAGG 147
R:TCACAGGTTCTGTGGGTCAA

GAPDH F:GGAGCGAGATCCCTCCAAAAT 205

R:GGCTGTTGTCATACTTCTCATGG

F, forward; R, reverse.

Statistical analysis. The statistical significance of differences
was conveniently estimated by a t-test of the RNA-seq data.
IncRNAs (up- or downregulated) with fold changes (FC) =2
and P<0.05 were selected as being significantly differentially
expressed and the false discovery rate was calculated to correct
the P-value. Values are expressed as the mean + standard
deviation. The groups were compared to evaluate the statistical
significance using the Mann-Whitney U test, Student's t-test,
Wilcoxon signed-rank test or Chi-square test, as appropriate.
GraphPad Prism 7.0 (GraphPad Software, Inc.) and SPSS
(version 22.0; IBM Corp.) were used to analyze all statistical
data. P<0.05 was considered to indicate statistical significance.

Results

Clinical and biochemical features of the included individuals.
As presented in Table II, there were no obvious differences
between the patients with RA and healthy subjects in terms of
sex and age. The baseline parameters of the two groups were
consistent and comparable.

IncRNA expression profiles of patients with RA. In the present
study, 231 upregulated and 110 downregulated IncRNAs were
identified as differentially expressed in patients with RA
compared with the controls. Information on the top 6 up- or
downregulated IncRNAs is provided in Table III.

Analysis of differentially expressed IncRNAs and mRNAs.
From the IncRNA expression profiles, differentially expressed
IncRNAs between the RA group and the NC group were iden-
tified, consisting of 231 upregulated and 110 downregulated
IncRNAs, according to the filtering criteria of P<0.05 and
FC =2. Graphical presentations of the differentially expressed
IncRNA s are provided in Fig. 1. Scatter plots and volcano plots
were used to display the IncRNAs based on their expression
levels compared between samples (Fig. 1A and C). In order to

Table II. Clinical characteristics of the study population.

Index RA (n=10) Control (n=10) P-value
Sex (M/F) 1:9 1:9 1
Age (years) 459+11.80 43.7+7.99 0.637
ESR (mm/h) 38+27.48 NA NA
Hs-CRP (mg/1) 23.40+36.40 NA NA
RF (U/ml) 109.48+82.34 NA NA
Anti-CCP (U/ml) 164.75+226.34 NA NA
IgA (g/l) 2.53+0.57 NA NA
1gG (g/D) 13.88+3.40 NA NA
IgM (g/) 1.48+0.61 NA NA
C3 (g/l) 1.23+0.27 NA NA
C4 (g/) 0.34+0.23 NA NA
DAS-28 score 6.80+0.98 NA NA
VAS score 6.95+0.94 NA NA
SAS score 56.4+4 .88 NA NA
SDS score 56.6x6.07 NA NA
SF-36 score 1302.1+£14.99 NA NA

Values are expressed as n or the mean + standard deviation. NA,
not available; M, male; F, female; RA, rheumatoid arthritis; C3,
complement 3; anti-CCP, anti-cyclic citrullinated peptide antibody;
hs-CRP, high-sensitivity C-reactive protein; DAS-28 score, 28-joint
count rheumatoid arthritis disease activity score; ESR, erythrocyte
sedimentation rate; NC, normal control; RA, rheumatoid arthritis;
IgA, immunoglobulin A; IncRNA, long non-coding RNA; RT-PCR,
reverse transcription-PCR; RF, rheumatoid factor; VAS, visual
analogue scale; SAS, self-rating anxiety scale; SDS, self-rating
depression scale; SF-36, 36-item short-form survey.

further reveal the differences of the IncRNAs between samples,
a hierarchical clustering analysis was applied, as presented in
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Table III. Information on the top six up- or down-regulated IncRNAs in patients with rheumatoid arthritis compared with healthy
controls.

IncRNAs P-value Fold change Direction of regulation Gene symbol
ENSG00000246430 0.001366 2.747691448 Up LINC00968
ENSG00000223749 0.002933 2.532423677 Up MIR503HG
ENSG00000225434 0.000301 -3.210084216 Down LINCO01504
ENSG00000223839 0.002506 -2.536755148 Down FAMO95B1

ENSGO00000180422 0.003974 -2.794683328 Down LINCO00304
ENSG00000258867 0.004095 -2.478197951 Down LINCO1146

IncRNA, long non-coding RNA.
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Figure 1. (A and B) Dot plots comparing the expression of RNAs between the RA and control groups. The dots above the upper and lower green lines indicate
>2.0-fold changes in mRNAs (A) and IncRNAs (B) between the two groups. (C and D) In the volcano plots, purple represents a significant increase, blue
represents a significant decline and gray represents no significant change in mRNAs (C) and IncRNAs (D). (E and F) Heat maps of differentially expressed
RNAs. Each row represents an RNA and each column represents a sample. Blue indicates downregulated and red indicates upregulated (E) mRNAs and
(F) IncRNAs. IncRNA, long non-coding RNA; RA, rheumatoid arthritis.
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Figure 2. Biological function analysis of differentially expressed mRNAs. Red, yellow and blue bars represent GO terms in the categories BP, CC and MF,
respectively. The number of genes annotated to a term is presented on the ordinate. The vertical length of the column indicates the enrichment degree, with
long columns representing high degrees of enrichment. GO, gene ontology; BP, biological process; CC, cellular component; MF, molecular function.

Fig. 1E, and it was indicated that there was a general differ-
ence between patients and controls in the IncRNAs presented.

In addition, 7,895 differentially expressed mRNAs
between the RA and NC groups were identified, which
consisted of 4,916 upregulated mRNAs and 2,934 downregu-
lated mRNAs according to the filtering criteria of P<0.05 and
fold change =1.5. Scatter plot and volcano plot analysis were
performed to represent the differentially expressed mRNAs
between the two groups, as depicted in Fig. 1B and D. Their
distinct expression patterns were also displayed in a hierar-
chical clustering analysis as presented in Fig. 1F.

GO analysis of the significantly differentially expressed
mRNAs indicated that organelle organization, protein modi-
fication by small protein conjugation, positive regulation of
cytoplasmic mRNA processing, intracellular, intracellular part,
intracellular organelle, organelle nucleoplasm and intracellular
membrane-bounded organelle were significant terms (Fig. 2).
The KEGG analysis of these significantly differentially
expressed mRNAs suggested that the cyclic AMP signaling
pathway, colorectal cancer, Epstein-Barr virus infection, ErbB
signaling pathway, influenza A, proteoglycans in cancer Ras
signaling pathway, renal cell carcinoma, sphingolipid signaling
pathway and TNF signaling pathway were significant pathways
(Fig. S1). Furthermore, according to the KEGG analysis of
the significantly differentially expressed IncRNAs, the IL-17
signaling pathway, TNF signaling pathway and intestinal
immune network for IgA production were significant (Table SI).

Finally, to identify interactions between mRNAs and
IncRNAs, gene co-expression networks were constructed,
which were established according to the normalized signal
intensity of unit genes. Data were normalized by using the
median gene expression value of all transcripts expressed from
the same coding gene, without any additional modification
of the IncRNA expression value. The differentially expressed
IncRNAs and mRNAs were screened from the observed list. For
each analyzed gene, the Pearson correlation was calculated and
IncRNA-mRNA pairs with significant correlations were selected
in order to construct the network. Cytoscape was used to draw
the co-expression networks. In the network (Fig. 3), triangles
represent the IncRNAs and circles the mRNAs. Red and blue
represent up- and downregulated RNAs, respectively. The size of
the triangles and circles represents fold changes of IncRNAs and
mRNAs with larger sizes indicating higher fold changes. The
results revealed a complex IncRNA target network that consisted
of 99 matched IncRNA-mRNA pairs. A detailed co-expression
network of IncRNAs and mRNAs is provided in Fig. S2.

Validation of differentially expressed IncRNAs. The top six up-
or downregulated IncRNAs were selected. Of these, four were
significant, including an upregulated IncRNA (MIR503HG)
and three downregulated IncRNAs (LINC01504, FAM95B1
and LINCO1146). Differentially expressed IncRNAs in
patients with RA determined by RNA-seq were then verified
by RT-qPCR analysis (Fig. 4). The expression of LNC01504,
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Figure 5. Spearman correlation analysis of clinical variables and confirmed long non-coding RNA in peripheral blood mononuclear cells from patients with
rheumatoid arthritis. FAM95BI1 was positively correlated with (A) IgG (r=0.9237; P<0.05) and (B) C4 (1=0.4869; P<0.05). LINC00304 was strongly and
positively correlated with (C) IgG (r=0.6057, P<0.05) and (D) arthrocele (r=0.5763; P<0.05). A strong positive correlation was detected between LINC01504
and (E) course of disease (r=0.5326; P<0.05). (F) A negative correlation between LINC01504 and RF was revealed (r=0.4058; P<0.05). (G) A strong positive
correlation between MIRS03HG and arthrocele was demonstrated (r=0.5712; P<0.05). (H) A negative correlation between MIR503HG and joint tenderness

was revealed (r=0.6083, P<0.05). C4, complement 4; RF, rheumatoid factor.

FAMO95BI1 and LINCO00304 in the control group was higher
than that in the RA group and the expression of MIR5S03HG
in the RA group was higher than that in the control group.
Spearman tests of the correlation of clinical variables with
the IncRNAs in PBMCs from patients with RA were then
performed (Fig. 5). According to the results, there was a
strong positive correlation of FAM95B1 with IgG (1=0.9237,
P<0.05) and C4 (r=0.4869, P<0.05), of LINC00304 with IgG
(r=0.6057, P<0.05) and arthrocele (r=0.5763, P<0.05), of
MIR503HG with joint tenderness (r=0.6083, P<0.05) and of
LINCO01504 with course of the disease (r=0.5326, P<0.05),
but a negative correlation between LINC01504 and RF
(r=0.4058, P<0.05).

Discussion

RA is a chronic autoimmune joint disease and its persistent
inflammation affects bone formation and remodeling, leading
to gradual bone destruction (19). Its incidence is high, its
pathogenesis is not clear and so far, there is no efficient cure. At
present, clinical diagnosis is also difficult. The commonly used
imaging and serological tests lack specificity (20). Therefore,
the search for specific and early diagnostic molecular markers
is of great significance for the early diagnosis and treatment
of RA.

It was suggested that during the occurrence and develop-
ment of RA, IncRNA transcriptional regulation is highly
specific, which may be an important feature for the indepen-
dent prediction of biological indicators (6).

TNF receptor-associated factor 1 (TRAFI1) and
TRAFI1l-complement component 5 (TRAF1-C5) are
susceptibility genes for the pathogenesis of RA. The level
of TRAFI1-CS5 in the joints of patients with RA increases
significantly in the acute phase. On the other hand, the
development of arthritis was delayed in an arthritis model
of TRAF1-C5-deficient mice. It was indicated that a novel
type of IncRNA, C5T1IncRNA, was mainly expressed in the
nucleus, transcribed from the regions between the TRAF1
and TRAFI1-CS5 genes in RA patients. There was a positive
correlation between C5T1IncRNA and the expression of
TRAFI1-C5 in synovial fibroblasts and PBMCs in patients
with RA. C5T1IncRNA serves a role in the pathogenesis of
RA by regulating the transcription of the TRAF1-C5 gene
located in the same genomic region (8).

With the completion of the human genome project, it has
been indicated that the number of total protein-encoding genes
in humans is <20,000 (21). Non-coding RNAs refer to a group
of RNAs that are not translated into proteins, including small
nuclear RNAs, small nucleolar RNAs, microRNAs (miRNAs)
and IncRNAs (22). These non-coding RNAs manipulate gene
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expression at the epigenetic, transcription and post-transcrip-
tional level and they also participate in almost all physiologic
and pathologic processes (23-25).

IncRNAs influence gene expression at multiple levels and
in multiple ways (26). IncRNAs either have roles as transcrip-
tion factors directly or combine with transcription factors to
affect their functions, thereby regulating the expression of
associated genes (27). A study revealed that IncRNA Mrhl
mediated meiotic commitment of mouse spermatogonial cells
by regulating Sox8 expression (28). Furthermore, IncRNAs act
as precursors of miRNAs or as competitive endogenous RNA,
which act as molecular sponges to regulate their target gene
expression by altering the quantity of miRNA (29). Therefore,
IncRNAs engage in the crucial regulation of the biology of
various cell types. However, the precise mechanism of action
of IncRNAs in RA remains elusive.

In the present study, high-throughput sequencing was used
to detect the expression of IncRNA and mRNA in PBMCs
of patients with RA and healthy controls. To the best of our
knowledge, the present study was the first to analyze the corre-
lation between differentially expressed genes and the clinical
laboratory indexes of patients with RA. The results suggested
that certain IncRNAs were strongly associated with clinical
laboratory indexes. First, the selected differentially expressed
IncRNAs were verified by RT-qPCR. A total of two IncRNAs,
LINC00968 and MIR503HG, whose expression was upregu-
lated during chondrogenesis, and four of those that were
downregulated (LINC01504, FAMO95BI1, LINC00304 and
LINCO1146) were selected. Subsequently, the differentially
expressed mRNAs were analyzed by GO enrichment and
KEGG pathway analysis while the differentially expressed
IncRNAs were analyzed by KEGG pathway analysis. The
results indicated that for patients with RA, significant changes
in their IncRNA expression profile in PBMCs may be related
to inflammation. These pathways are related to signaling path-
ways such as TGF, TNF, EBRr and cAMP, which have been
widely confirmed to have an important role in the pathogenesis
of RA (30-32).

Subsequently, six differentially expressed IncRNAs
were selected for RT-qPCR verification. The expression of
LINCO00304, LINC01504 and FAM95BI in the RA group was
significantly lower than that in the control group. The expression
of MIR503HG in the RA group was significantly higher than
that in the control group and the results were consistent with
the sequencing. Furthermore, correlations between the expres-
sion of LINC00304, LINC01504, FAM95B1 and MIR503HG
with biochemical measurements were observed. The results
suggested that the levels of FAM95B1 were positively associ-
ated with IgG and C4, while the levels of LINC00304 were
positively associated with IgG and arthrocele, and there was a
positive correlation between MIR503HG and joint tenderness,
LINCO01504 and course of disease, but a negative correlation
between LINCO01504 and RF. These results revealed that
LINC00304, LINC01504, FAM95B1 and MIR503HG may
have critical roles in the pathogenic mechanism of RA.

In RA, as a chronic disease, the presentation and course of
the disease differ among individual patients. In recent studies,
gene detection in RA has been frequently discussed, but the
results were rarely combined with clinical indicators and the
patients' quality of life (33,34).

In conclusion, the present study may provide a reference
for development of diagnostic tools. However, due to the limi-
tation of the small number of samples, there are still certain
deficits and in future studies, a larger cohort will be used to
confirm the present results.
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