Hu et al. BMC Medical Genomics (2022) 15:273
https://doi.org/10.1186/512920-022-01429-z

BMC Medical Genomics

mMO6A regulator-mediated methylation

®

Check for
updates

modification patterns and immune
microenvironment infiltration characterization

in osteoarthritis

Shidong Hu', Chen Shen', Xudong Yao, Yulong Zou, Ting Wang, Xianding Sun and Mao Nie

Abstract

infiltration

Osteoarthritis (OA) is a common disease in orthopedics. RNA N6-methyladenosine (m6A) exerts an essential effect in
a variety of biological processes in the eukaryotes. In this study, we determined the effect of m6A regulators in the
OA along with performing the subtype classification. Differential analysis of OA and normal samples in the database
of Gene Expression Omnibus identified 9 significantly differentially expressed m6A regulators. These regulators were
monitored by a random forest algorithm so as to evaluate the risk of developing OA disease. On the basis of these 9
moderators, a nomogram was established. The results of decision curve analysis suggested that the patients could
benefit from a nomogram model. The OA sample was classified as 2 m6A models through a consensus clustering
algorithm in accordance with these 9 regulators. These 2 m6A patterns were then assessed with principal component
analysis. We also determined the m6A scores for the 2 m6A patterns and their correlation with immune infiltration.
The results indicated that type A had a higher m6A score than type B. Thus, we suggest that the m6A pattern may
provide a new approach for diagnose and provide novel ideas for molecular targeted therapy of OA.
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Introduction

Osteoarthritis (OA) is the most prevalent joint disease
around the world [1], and it results in enormous socio-
economic medical costs every year [2]. The current OA
treatment can only relieve symptoms and X-ray charac-
teristics and lacks an effective drug treatment. Moreover,
the treatment outcomes for advanced osteoarthritis are
not satisfactory. Therefore, the early diagnosis of arthri-
tis, though difficult at present, is of great significance to
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patients. The diagnosis of osteoarthritis mainly relies on
medical history, symptoms, signs, and imaging methods,
but there is a lack of corresponding biomarkers for diag-
nosis. Therefore, we believe that establishing biomark-
ers for the diagnosis of osteoarthritis can facilitate the
improvement of patient prognosis and provide novel tar-
gets for treating OA.

RNA N6-methyladenosine (m6A) is the most preva-
lent internal modification in the eukaryotic mRNAs-
methylated at the N6 site of adenosine [3]. m6A
participates in the pathogenesis of a variety of diseases
and also mediates RNA generation and its metabolism
[4]. The functionality of m6A is primarily through the
coregulation of m6A-binding proteins, demethylases,
and m6A methyltransferases [5]. Among these, m6A
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methyltransferases are called “writers”-responsible for
installation, demethylases are called “erasers”- respon-
sible for removal, and m6A-binding proteins called
“readers”- are responsible for recognition [6].

Recently, various research groups have demonstrated
that m6A plays some role in the OA progression [7,
8], along with the immune factors [9]. In this study,
we investigated the effect of m6A regulators in the
diagnostic classification of osteoarthritis disease and
assessed the extent of osteoarthritis immune infiltra-
tion. As a result, 9 key regulators were screened from
the database to evaluate the disease risk in osteoar-
thritis while assessing the immune microenvironment
of the two m6A patterns of osteoarthritis. The results
obtained are suggested to be helpful for the subsequent
diagnosis and targeted therapy of osteoarthritis.
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Results

Expression of 21 m6A regulators in osteoarthritis

R software is used to normalize the differential analysis
of OA and normal control sample data. The expression
values for twenty-one m6A regulators in normal and OA
sample data were obtained, and 9 significant differentially
expressed regulators (i.e., METTL3, WTAP, RBMI5,
RBM15B, YTHDC1, HNRNPC, IGFBP1, IGFBP3, and
FTO) were screened. All 9 m6A regulators were visual-
ized with heatmaps and histograms, and the differential
expression of the IFGBP3 regulator was observed to be
relatively significant (Fig. 1A, C). The adjust p values and
95% confidence intervals of the differential analysis of the
expression levels of the 21 m6A regulators in osteoarthri-
tis and normal specimens are shown in Table 1. Chromo-
somal localization of each of the 21 m6A regulators was
visualized by circos plot (Fig. 1B).
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Fig. 1 A total of 21 m6A regulators expression in OA. A The heatmap of 21 m6A regulators expression between normal and OA samples. B
Circumference diagram for chromosomal localization in 21 m6A regulators. C The histogram of 21 m6A regulators expression between normal and
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Table 1 The p value and confidence interval of the differential
analysis of the expression of 21 m6A regulators in osteoarthritis
and normal specimens

Gene P(adj) 95% ClI

METTL3 0.00119585 0.057 10 0.225
WTAP 0.027433004 0.007 to 0.087
RBM15 0.036048033 —0.184 to -0.005
RBM158B 0.043419108 —0.325to —0.004
CBLL1 0.67212293 —0.131t0 0.155
YTHDC1 0.040185136 0.004 to 0.096
YTHDC2 0.090938116 —0.014t00.139
YTHDF1 0.139509762 —0.157t0 0.022
YTHDF2 0.146946623 —0.163 t0 0.026
YTHDF3 0.622338255 —0.066 to 0.109
HNRNPC 0.002370492 0.055t00.213
FMR1 0.383631831 —0.038t0 0.015
LRPPRC 0.186270112 —0.039t0 0.231
IGFBP1 0.011998395 —0.063 to —0.008
IGFBP2 040144281 —0.0331t0 0.087
IGFBP3 0.000871699 —0.129to —0.034
RBMX 0.764569806 —0.0791t0 0.058
ELAVLI 0.536069356 —0.028 t0 0.067
IGF2BP1 0376912508 —0.01341t00.036
FTO 0.019210819 —0.159t0 —0.012
ALKBH5 0.555755013 —0.077 t0 0.042

Evaluation of the association of erasers and writers

m6A is the most enriched internal modification in the
eukaryotes and is engaged in a variety of biological pro-
cesses [10]. The effect of m6A is primarily mediated
through erasers, writers, and readers [5]. The results of
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linear regression analysis revealed that CBLL1 and FTO
were negatively correlated (Fig. 2A), while WTAP and
FTO were also negatively correlated (Fig. 2B).

Model selection

RF and SVM models were constructed based on the 9
selected m6A regulators. the residuals of the RF model
are smaller as compared to that of the SVM model, as
illustrated in the “Reverse cumulative distribution of
residual” (Fig. 3A) together with “Boxplots of residual”
(Fig. 3B). However, the receiver operating characteristics
(ROC) curve suggested that the accuracy of the RF model
is higher than that of the SVM model (Fig. 3C). Conclu-
sively the RF model is a relatively more ideal model for
predicting the risk of osteoarthritis. The results of the RF
model are provided in the figure below (Fig. 3D). Regula-
tors were then ranked according to the importance score
of the RF model (Fig. 3E). Regulators with an importance
score of>2 were selected for subsequent disease risk
assessment.

Establishment of the nomogram

The nomogram model of the 9 key m6A regulators
obtained from the RF model was established to evaluate
osteoarthritis disease risk (Fig. 4A). Then the stability of
the nomogram model was assessed by calibration curves
revealing a high nomogram model accuracy (Fig. 4B).
Clinical impact curves show high true-positive rates for
high-risk patients, predicted using the nomogram model
(Fig. 4C). The decision curve analysis (DCA) curve indi-
cates that the nomogram model has a high accuracy of
prediction (Fig. 4D).
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Fig. 2 Correlation evaluation of writers and erasers. A A negative association was noted between CBLLT and FTO (R=— 044, p<0.001); BA
negative association was noted between WTAP and FTO (R=—0.43, p<0.001)
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Fig. 3 The construction of a RF model. A The residuals’ reverse cumulative distribution exhibits the residuals of SYM and RF models, and the red
dots represent the residuals' root mean square; B Boxplots of residual reflecting the residuals of SYM and RF models; C ROC curves exhibiting the
accuracy of SVM and RF models; D Outcomes of the random forest plot; E Significance score of 9 critical m6A moderators on the basis of a RF

model

Determination of two subtypes based on 9 critical m6A
regulators

The consensus clustering approach classified osteo-
arthritis samples into two subtypes- m6Acluster A
and m6Acluster B, based on the 9 key m6A regulators
(Fig. 5A-D). Cluster A contains 45 samples, and cluster
B contains 61 samples. The optimal number of clusters
(K) value was determined by consensus cluster analy-
sis, and observed that the consensus is highly stable
at a K value of 2 (Fig. 5A). Histograms and heatmaps
exhibit the differential expression of the 9 critical m6A
regulators in both subgroups (Fig. 5B, C). Cluster A has

higher expression levels of IGFBP3, RBM15, WTAP,
IGFBP1, and RBM15B in comparison with cluster B,
whereas the expression of YTHDC1, METTL3, FTO,
and HNRNPC was higher in cluster B than in cluster A.
The adjust p values and 95% confidence intervals (CI)
of the differential expression of the 9 m6A regulators
between m6AclusterA and m6AclusterB are shown in
Table 2. These 9 key regulators were further confirmed
by principal component analysis (PCA) to accurately
classify disease samples into two subgroups (Fig. 5D).
Therefore, the osteoarthritis disease group was divided
into two m6A subgroups based on these 9 key m6A
regulators.
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Examination of the association between the immune cell
infiltration and m6A subtypes
Osteoarthritis manifests as a chronic inflammatory
response of the bone and joints. Related studies have
revealed that immune response resulting from the infil-
tration of immune cells participates in the OA damage
process [11, 12]. Thus, the differences between the two
m6A isoforms were explored in a variety of immune
cells, The results showed that the 2 m6A subtypes
showed significant differences mainly in the infiltra-
tion of immune cells (activated CD8(+)T cell, myeloid-
derived suppressor cells, monocyte, immature B cell
and plasmacytoid dendritic cell).(Fig. 6A).

In order to study the role and mechanism of immu-
nity in osteoarthritis, we analyzed the relationship

between 9 key m6A regulators and immune cell infiltra-
tion, among which RBM15B is the m6A regulator most
related to immune cell infiltration (Fig. 6C), Suggest
that RBM15B is an immune-related regulator in osteo-
arthritisNext, the case samples of the OA group were
then classified into RBM15B low and high expression
groups to study the differential expression of a variety
of immune cells. The outcomes suggest differences in
different immune cells expression between RBM15B
low and high expression groups. There were signifi-
cant differences in the infiltration of immune cells
(activated CD8(+) T cell, myeloid-derived suppressor
cells, monocyte and activated dendritic cell) among the
RBM15B high and low expression groups (Fig. 6B).
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Fig. 5 Subgrouping of Osteoarthritis Disease Samples. A Consensus clustering of 9 key regulators; B Heatmap of differential expression of 9 key
regulators in the two subgroups; C Histogram of differential expression of 9 key regulators in the two subgroups; D PCA of the two subgroup

Table 2 p values and confidence intervals for the differential
expression of 9 m6A regulators between méAclusterA and
m6AclusterB

Gene P (adj) 95% Cl

METTL3 3.06E—07 —0.351to—0.163
WTAP 8.03E—-07 0.072t00.151
RBM15 0.019814274 0.0211t00.194
RBM158B 2.12E-18 0.717 t0 0.884
YTHDC1 0.001424794 —0.139to —0.039
HNRNPC 3.67E—10 —0.353t0 —0.204
IGFBP1 6.86E—16 0.085 t0 0.109
IGFBP3 3.00E—09 0.119t0 0.204
FTO 1.44E—07 —0.261t0 —0.132

Determination of genotypes based on m6A isoforms

Differential gene expression studies between the two
subtypes (namely, m6A cluster A and m6A cluster B)
resulted in 302 differentially expressed genes (DEGs)

(Fig. 7A). Functional enrichment and signaling pathway
analysis were implemented according to KEGG and GO
databases. Both the GO and KEGG pathways showed
significant enrichment of DEGs for ameboidal-type cell
migration, basal plasma membrane, basal part of the cell,
postsynaptic density, asymmetric synapse, membrane
raft, membrane microdomain, postsynaptic specializa-
tion, and calcium signaling pathway (Fig. 7B-D). Like
the m6A subgroup classification, the consensus cluster-
ing approach was used to divide the osteoarthritis dis-
ease group into two distinct gene subtypes based on 302
DEGs. Additionally, the two genotypes exhibit similar
characteristics as the two m6A subtypes. (Fig. 8A). Dif-
ferential expression for 302 genes in both genotypes is
provided as a heatmap (Fig. 8B). The levels of differential
expression for the immune cell infiltration and 9 critical
m6A regulators in both genotypes are exhibited as his-
tograms and are similar to the results for the m6A sub-
type (Fig. 8C, D). The m6A scores of the m6A subtypes
and genotypes were analyzed by PCA.From the Sankey
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diagram in Fig. 9A, we can see that the two typing pat-
terns (m6a typing and gene typing) have a great degree
of fitting, so the m6A scores of the two are highly simi-
lar. Subtype B (m6AclusterB and geneclusterB) of both
typing patterns had higher m6A scores than subtype A

(m6AclusterA and geneclusterA) (Fig. 8 E, F).

(Fig. 9C). Due to the high degree of fitting of the two
typing patterns, the cytokine difference analysis results
of the two typing patterns are highly similar. Compared
with A subtype (m6AclusterA and geneclusterA) of the
two typing patterns, B subtype (m6AclusterB and gene-

clusterB) had relatively higher expressions of cytokines

IL4, IL5,

Significance of m6A models in diagnosing osteoarthritis

The Sankey diagram revealed that the results of the m6A
subtype and genotype classification are similar. However,
m6A subtype A and genotype A showed higher m6A
scores than m6A subtype B and genotype B (Fig. 9A).
We then assessed the differential expression of some
cytokines (IL4, IL5, IL13, cytokine thymic stromal lym-
phopoietin [TSLP] and IL33) between these two m6A
subtypes (m6AclusterA and m6AclusterB) (Fig. 9B).

We also performed differential expression of cytokines
for two gene subtypes (geneclusterA and geneclusterB)

IL13, and TSLP.

Discussion

Osteoarthritis is the most prevalent chronic rheumatic
disease around the world, which seriously influences the
health and life quality of people [16]. m6A is the most
ubiquitous modification of mRNA in the eukaryotes and
exerts an essential effect on growth, development, and
disease [17]. m6A modifications are coordinated through

m6A-binding proteins (“readers”), demethylases (“eras-

ers”), and m6A methyltransferases (“writers”) [18]. Writ-
ers include RBM15, RBM15B, CBLL1, WTAP, METTLS3,




Hu et al. BMC Medical Genomics (2022) 15:273

Page 8 of 13

£ s

g
65000109 (60005555
86

. B 8
2 2.5

%, 2760
P e
@ P '
S o
S
¢ 7 2

£

s ¢

3

ONTOLOGY

= Biological Process
Molecular Function
Cellular Component
-log10(Pvalue)
0,2
(24
4,6

6,
(8.10]

1

1

s & 2 88 o

2 2 R S
2 6010016829 §
% _“Mgaﬂ G0:gp,, S
A

L)
04 % % S

a 2 o

S}

&,
S
D))

575
&
°
%“6'0 A
v
o £
%

$
S

7

_ >

5

v

o
(2]

0950002

i
g 8 °

:( 0,19]
* (15,20]
e >=20

Number of Genes
= Number of Select
A Rich Factor(0-1)

8

&
"
)

pvalue

0.02
I0.03
0.04

ameboidal-type cell migration-
long-term synaptic depression{ i
lation of f 2o

of
]

positive regulation of insulin secretion
microtubule polymerization-
positive regulation of peptide hormone secretion
regulation of long-term synaptic depression+{
lens morphogenesis in camera-type eye:
of ing il in ureteric bud morphogenesis{
CcAMP metabolic process-

Calcium signaling pathway

R d d. hinoid
9 A olq)

d8

Long-term p

basal plasma membrane+
basal part of cell
postsynaptic density
asymmetric synapse
membrane raft:

membrane microdomain+{
postsynaptic specialization{
basolateral plasma membrane [ )

caveolas :

ic density

Amnh . Adicti

PPAR signaling pathway

20

Taste ti

Salivary secretion

TGF-beta signaling pathway

phosphorus—-oxygen lyase activity- [ ]
carbon-oxygen lyase activity [ ]
adenylate cyclase activity
ubiquitin-ubiquitin ligase activity
long~-chain fatty acid binding{
microtubule minus-end binding{
carbonate dehydratase activity

intermediate filament binding-{

lyase activity] ®

Non-homologous end-joining
mRNA surveillance pathway

e Circadian

o
N
N
w
SN

°
°
°
°
°
G protein-coupled purinergic nucleotide receptor activity{ ®
o

m6A subtypes using KEGG [13-15]

025 0.050 0.075 0.100
GeneRatio
Fig. 7 Differential gene expression and GO and KEGG analyses of the m6A isoforms. A Venn plot displaying DEGs between both m6A isoforms;
B Circle plot displaying GO functional enrichment analysis for the DEGs between both m6A isoforms; C Bubble plot reflecting GO functional
enrichment analysis for the DEGs between both m6A isoforms; D Barplot shows the enrichment analysis of DEGs signaling pathways between two

METTL14, KIAA1429, and ZC3H13; erasers are com-
posed of FTO and ALKBHS5; readers include YTHDEF3,
YTHDF2, YTHDF1l, YTHDC2, YTHDC1, FMR],
ELAVL1, HNRNPA2B1, HNRNPC, IGF2BP1, and LRP-
PRC. Notably, the associated research has revealed that
m6A modifications participate in OA pathogenesis and
development through modulating pathophysiological
processes in cartilage and bone [19]. METTL3 is an m6A
methyltransferase that can accelerate aging and osteo-
arthritis progression by regulating autophagy [7]. It can

also modulate the apoptosis and inflammatory response
of chondrocytes to affect the process of OA [20]. In
conclusion, m6A modification affects the OA occur-
rence together with its advancement and is of significant
importance for the early diagnosis of OA together with
its targeted therapy.

In this work, the purpose was primarily to investi-
gate the major clinical importance of m6A modifica-
tion in diagnosing OA. The differential expression of the
mo6A regulators in normal and OA human samples was




Hu et al. BMC Medical Genomics (2022) 15:273

Page 9 of 13

A consensus matrix k=2

geneCluster = A = B

woxn wxn * woxk *x ok wokx woxx wok
.

Gene expression o
(o] [<e]
I+
- =
-+

P
75@ -
it
En

m

m6Ascore

A B
m6Acluster

D geneCluster = A = B
£ 1,00 * *rwwweses Kk Ak ARRRRR kAR RRRRRR & KRRk kA A
3 :
Bors| ¢ "
g Fai e o8 :
£0.50 #9? L g § ¥,
@0.25 # *é% & ?
£0.00 .1

SROE NS SIS DS

_geneCluster
- geneCluster

A
i
0
-1

|-

NI >
§ LP 90‘9:'90&\‘0090 A R CAICAS &
QAR IS VIR SO A GEGA S d RS
SIPRNT 203 PR ST R EEE
B S R R O e A S
ISR CETE o T
SO el T A N
& oA ’ & SRV
RBRESY S
SR G & ORES
S N N
v‘.?oo &
§ &
5.0
(]
g
6 25
(3]
(7]
S
£ 0.0
-2.5

geneCluster

Fig. 8 The consensus clustering analysis of DEGs between both m6A isoforms. A Consensus clustering analysis separates osteoarthritis patient
samples into two genotypes; B Heatmap showing differential expression of these 302 genes in two genotypes; C Histograms showing differential
expression of 9 key m6A regulators between two gene isoforms; D Histograms displaying differences in the immune infiltration between both
genotypes; E Differences of the m6A scores of both m6A subtypes; F Differences in meéA scores of the two gene subtypes. *p <0.05, **p <0.01, and

®xp < 0,001

explored through the Gene Expression Omnibus (GEO)
database and 9 important differentially expressed m6A
regulators (i.e, METTL3, WTAP, RBM15, RBM15B,
YTHDC1, HNRNPC, IGFBP1, IGFBP3, and FTO) were
identified. However, due to the lack of relevant m6A
datasets, we were unable to use independent datasets to

validate our typing schema. The risk of OA was predicted
by constructing a nomogram model based on these 9
key risk factors. We confirmed the predictive accuracy
of the nomogram model by utilizing DCA curves, clini-
cal impact curves, and calibration curves. Then, a con-
sensus clustering algorithm was applied for dividing
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isoforms

the OA disease group into 2 distinct m6A subtypes and
genotypes, and we found that m6A subtypes and geno-
types share this extremely similar feature. OA is a joint
disease, and it has the characteristics of joint inflamma-
tion and cartilage degeneration [21]. Inflammation is an
important characteristic of OA and is correlated with
OA symptoms and the development of disease [22].
Therefore, the infiltration degree of the immune cells for
both m6A patterns was assessed, and the outcomes indi-
cated that both m6A patterns had significant immune
cell infiltration. The inflammatory response is mainly
exerted by cytokines. Relevant studies have shown that
the helper T-cell (Th cells) response exerts an essen-
tial role in OA pathogenesis and OA-related symptoms
[23]. Therefore, the Th immune responses (consists of
Thl and Th2 immune responses) are speculated to par-
ticipate in the disease process of osteoarthritis. The Thl
immune response is composed of interleukin (IL-12,

IL-2, interferon-gamma [INF-y], and tumor necrosis
factor-alpha [TNF-a]), while the Th2 immune response
is exerted by IL-13, IL-10, IL-6, IL-5, IL- 4, and cytokine
thymic stromal lymphopoietin [TSLP] [24]. We scored
the two m6A patterns with the help of the PCA algorithm
and assessed the degree of Th immune response in the
two subtypes. The results showed that the m6A pattern
A had a higher m6A score than the m6A pattern B and
that the m6A pattern A had a relatively higher expression
of the Th2 immune response levels (i.e., IL-4, IL-5, IL-13,
TSLP). Therefore, we inferred that the m6A pattern A has
a higher risk of developing osteoarthritis, which exerts its
pathogenic role through the Th2 immune response. The
typing outcomes of this research can be considered the
basis for future studies on pathogenic mechanisms asso-
ciated with specific m6A. In addition, this study findings
provide a new OA diagnostic biomarker and therapeutic
molecular target for clinical studies.
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Conclusion

In conclusion, we screened nine important m6A regu-
lators and constructed a disease risk prediction nom-
ogram model based on the random forest algorithm.
This model has been verified to accurately predict the
risk of osteoarthritis. At the same time, we found that
m6A pattern A may be associated with a higher risk of
osteoarthritis.

Methods

Data acquisition

From the GEO database, the dataset of GSE48556 could
be acquired, which included 33 normal human sam-
ples and 106 osteoarthritis patient samples. The clin-
icopathological data of the patients was presented in
the table (Additional file 1: Table S1). The detailed clin-
icopathological data of the patients included in the
GEO data can be found in the literature [25].A total
of 21 m6A regulators contained 11 readers (namely,
YTHDF1, YTHDF2, YTHDF3, YTHDCI1, YTHDC2,
FMR1, ELAVL1, HNRNPA2B1, HNRNPC, IGF2BP1,
and LRPPRC), 2 erasers (i.e., FTO and ALKBHS5), and 8
writers (namely, WTAP, CBLL1, KIAA1429, METTL14,
METTL3, RBM15B, RBM15, and ZC3H13) [26].

Random forest (RF) and support vector machine (SVM)
models

In the present study, SVM together with RF models were
used to evaluate the risk of developing osteoarthritis.
RF is a commonly used ensemble learning algorithm,
and its base classifier is a decision tree. We completed
the RF algorithm through the “randomForest” package
in R software. The ntree and mtry parameters of the RF
model were 500 and 3, respectively. We also screened 9
key regulators from 21 m6A regulators based on the gene
importance score. The filter criterion was the importance
score value>2. SVM algorithm is a type of machine-
learning approach based on the statistical learning the-
ory. It enhances the generalization ability for learning
machine by seeking to minimize the confidence range,
empirical risk, and structural risk in order to realize the
goal of obtaining favorable statistical laws even with a
small statistical sample size. Through the curve analysis
of receiver operating characteristic (ROC), "boxplots of
residuals”, and "reverse cumulative distribution of residu-
als", the accuracy for both the models were assessed.

Nomogram model

We used the “rms” and “rmda” packages in R to con-
struct the nomogram model for application in predict-
ing the risk for OA. Decision curve analysis (DCA) and
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calibration curves were used to assess the nomogram
model predictive accuracy. In addition, whether the
nomogram model predictions could benefit patients was
assessed through clinical impact curves.

Identification of 2 m6A isoforms and m6A gene isoforms
The consensus clustering analysis was implemented on
the sample data from the database of GEO according to
21 m6A regulators, and the sample data was classified
as m6A models. Differentially expressed genes (DEGs)
associated with m6A were screened through differen-
tial expression among the m6A heterodimers. Then, the
DEGs related to m6A subtypes were classified into differ-
ent m6A subtypes through consensus clustering analysis.
DEGs associated with m6A were realized via the “limma”
package in R. The consensus clustering algorithm for
subtype classification was implemented by the “Consen-
susClusterPlus” package of R software.

The m6A scoring of the sample

To quantitatively analyze the m6A modification pattern
of osteoarthritis, we employed the m6A score to evalu-
ate the gene signature of the m6A pattern of osteoarthri-
tis. Accordingly, we calculated the m6A score through
principal component analysis, a widely applied dimen-
sionality reduction algorithm for data. Initially, PCA was
utilized to determine the m6A pattern and next the m6A
score was counted in accordance with the below men-
tioned formula: m6A score=6 (PCli+PC2i), wherein
PC1 and PC2 denoted the principal component 1 and
2, respectively, and i indicate the DEGs associated with
m6A [27].

Kyoto Encyclopedia of Genes and Genomes (KEGG)
together with Gene Ontology (GO) pathway

for the analysis of DEGs between various m6A patterns

To explore the DEGs functional enrichment between
various m6A patterns, KEGG along with the GO path-
way analyses were implemented on these genes. The
GO enrichment analysis was composed of cellular com-
ponent (CC), molecular function (MF), and biological
process (BP). The pathway analysis of KEGG displays
potential signaling pathways [28].

Assessment of the immune-infiltrating microenvironment

For the immune cells, the extent of infiltration in the
samples of OA was evaluated with ssGSEA. ssGSEA was
applied for ranking the levels of gene expression in the
samples and acquiring their grades. Subsequently, these
genes were retrieved from the dataset and the expression
levels of these genes were summed. Finally, we evaluated
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the infiltration degree of the immune cells in each sample
[29].

Statistical analysis

The association between writers and erasers was inves-
tigated with linear regression analysis. Kruskal-Wallis
test and Wilcoxon test were utilized for the comparison
of differences among multiple groups and between 2
groups, respectively. On the basis of two-tailed test, all
parametric analyses were conducted, and p<0.05 was
considered to indicate a statistical significance. The R
version 4.1.3 was employed for conducting all statistical
analyses.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512920-022-01429-z.

[ Additional file 1: Table S1. The information of the samples }

Acknowledgements
We are grateful to the authors who gave the GEO public dataset.

Author contributions

HS designed and completed relevant research. SC and YX completed data
collection. WT, ZY performed data processing and analysis. SX and NM com-
pleted article writing. All authors read and approved the final manuscript.

Funding

This work is supported by research funding from the National Natural Science
Foundation of China (No. 82002307), Natural Science Foundation of Chong-
qing (cstc2021jcyj-msxmX0121). Mao Nie and Xianding Sun was supported by
the Kuanren Talents Program of the second affiliated hospital of Chongging
Medical University.

Availability of data and materials
The data used in this study are available on the GEO database(https://www.
ncbi.nlm.nih.gov/geo/) with accession number GSE48556.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors state that there is no conflict of interest.

Received: 1 September 2022 Accepted: 28 December 2022
Published online: 30 December 2022

References

1. KatzJN, Arant KR, Loeser RF. Diagnosis and treatment of hip and knee
osteoarthritis: a review. JAMA. 2021,325(6):568-78.

2. Mahmoudian A, Lohmander LS, Mobasheri A, Englund M, Luyten FP. Early-
stage symptomatic osteoarthritis of the knee—time for action. Nat Rev
Rheumatol. 2021;17(10):621-32.

3. HelL,LiH,WuA, PengY, Shu G,Yin G. Functions of N6-methyladenosine and
its role in cancer. Mol Cancer. 2019;18(1):176.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Page 12 of 13

Chen XY, Zhang J, Zhu JS. The role of m(6)A RNA methylation in human
cancer. Mol Cancer. 2019;18(1):103.

Zaccara S, Ries RJ, Jaffrey SR. Reading, writing and erasing mRNA methyla-
tion. Nat Rev Mol Cell Biol. 2019;20(10):608-24.

Wang T, Kong S, Tao M, Ju S. The potential role of RNA N6-methyladenosine
in cancer progression. Mol Cancer. 2020;19(1):88.

Chen X, Gong W, Shao X, ShiT, Zhang L, Dong J, et al. METTL3-mediated
m(6)A modification of ATG7 regulates autophagy-GATA4 axis to promote
cellular senescence and osteoarthritis progression. Ann Rheum Dis.
2022;81(1):87-99.

Yang J, Zhang M, Yang D, Ma Y, Tang Y, Xing M, et al. m6A-mediated upregu-
lation of AC008 promotes osteoarthritis progression through the miR-328-
3p-AQP1/ANKH axis. Exp Mol Med. 2021;53(11):1723-34.

Shiokawa S, Matsumoto N, Nishimura J. Clonal analysis of B cells in the
osteoarthritis synovium. Ann Rheum Dis. 2001,60(8):802-5.

. Zhang H, Shi X, Huang T, Zhao X, Chen W, Gu N, et al. Dynamic land-

scape and evolution of m6A methylation in human. Nucleic Acids Res.
2020;48(11):6251-64.

. Faust HJ, Zhang H, Han J, Wolf MT, Jeon OH, Sadtler K, et al. IL.-17 and immu-

nologically induced senescence regulate response to injury in osteoarthritis.
J Clin Invest. 2020;130(10):5493-507.

. Zhao X,GuM, Xu X, Wen X, Yang G, Li L, et al. CCL3/CCR1 mediates CD14(+)

CD16(-) circulating monocyte recruitment in knee osteoarthritis progres-
sion. Osteoarthritis Cartilage. 2020;28(5):613-25.

. Kanehisa M, Goto S. KEGG: Kyoto encyclopedia of genes and genomes.

Nucleic Acids Res. 2000;28(1):27-30.

. Kanehisa M. Toward understanding the origin and evolution of cellular

organisms. Protein Sci. 2019;28(11):1947-51.

. Kanehisa M, Furumichi M, Sato Y, Ishiguro-Watanabe M, Tanabe M.

KEGG: integrating viruses and cellular organisms. Nucleic Acids Res.
2021;49(D1):D545-51.

. Bortoluzzi A, Furini F, Sciré CA. Osteoarthritis and its management—epide-

miology, nutritional aspects and environmental factors. Autoimmun Rev.
2018;17(11):1097-104.

. Kumari R, Ranjan P, Suleiman ZG, Goswami SK, Li J, Prasad R, et al. mRNA

modifications in cardiovascular biology and disease: with a focus on m6A
modification. Cardiovasc Res. 2022;118:1680-92.

Jiang X, Liu B, Nie Z, Duan L, Xiong Q, Jin Z, et al. The role of m6A modifica-
tion in the biological functions and diseases. Signal Transduct Target Ther.
2021;6(1):74.

Chen J, TianY, Zhang Q,Ren D, Zhang Q, Yan X, et al. Novel insights into the
role of N6-methyladenosine RNA modification in bone pathophysiology.
Stem Cells Dev. 2021;30(1):17-28.

Liu Q Li M, Jiang L, Jiang R, Fu B. METTL3 promotes experimental osteoar-
thritis development by regulating inflammatory response and apoptosis in
chondrocyte. Biochem Biophys Res Commun. 2019;516(1):22-7.

Fei J, Liang B, Jiang C, Ni H, Wang L. Luteolin inhibits IL-13-induced inflam-
mation in rat chondrocytes and attenuates osteoarthritis progression in a
rat model. Biomed Pharmacother. 2019;109:1586-92.

Lieberthal J, Sambamurthy N, Scanzello CR. Inflammation in joint injury and
post-traumatic osteoarthritis. Osteoarthritis Cartilage. 2015;23(11):1825-34.
Nees TA, Rosshirt N, Zhang JA, Platzer H, Sorbi R, Tripel E, et al. T helper cell
infiltration in osteoarthritis-related knee pain and disability. J Clin Med.
2020;9(8):2423.

Stangou M, Bantis C, Skoularopoulou M, Korelidou L, Kouloukouriotou D,
Scina M, etal. Th1,Th2 and Treg/T17 cytokines in two types of proliferative
glomerulonephritis. Indian J Nephrol. 2016;26(3):159-66.

Ramos YF, Bos SD, Lakenberg N, Bohringer S, den Hollander WJ, Kloppen-
burg M, et al. Genes expressed in blood link osteoarthritis with apoptotic
pathways. Ann Rheum Dis. 2014;73(10):1844-53.

SunT, Wu R, Ming L. The role of m6A RNA methylation in cancer. Biomed
Pharmacother. 2019;112: 108613.

Zhang B, Wu Q, Li B, Wang D, Wang L, Zhou YL. m(6)A regulator-mediated
methylation modification patterns and tumor microenvironment infiltration
characterization in gastric cancer. Mol Cancer. 2020;19(1):53.

Jiang Q, Su DY, Wang ZZ, Liu C, Sun YN, Cheng H, et al. Retina as a window
to cerebral dysfunction following studies with circRNA signature during
neurodegeneration. Theranostics. 2021;11(4):1814-27.

Dai B, Sun F, Cai X, Li C, Liu H, Shang Y. Significance of RNA N6-methyladen-
osine regulators in the diagnosis and subtype classification of childhood


https://doi.org/10.1186/s12920-022-01429-z
https://doi.org/10.1186/s12920-022-01429-z
https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/

Hu et al. BMC Medical Genomics (2022) 15:273

asthma using the gene expression omnibus database. Front Genet. 2021;12:

634162.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	m6A regulator-mediated methylation modification patterns and immune microenvironment infiltration characterization in osteoarthritis
	Abstract 
	Introduction
	Results
	Expression of 21 m6A regulators in osteoarthritis
	Evaluation of the association of erasers and writers
	Model selection
	Establishment of the nomogram
	Determination of two subtypes based on 9 critical m6A regulators
	Examination of the association between the immune cell infiltration and m6A subtypes
	Determination of genotypes based on m6A isoforms
	Significance of m6A models in diagnosing osteoarthritis

	Discussion
	Conclusion
	Methods
	Data acquisition
	Random forest (RF) and support vector machine (SVM) models
	Nomogram model
	Identification of 2 m6A isoforms and m6A gene isoforms
	The m6A scoring of the sample
	Kyoto Encyclopedia of Genes and Genomes (KEGG) together with Gene Ontology (GO) pathway for the analysis of DEGs between various m6A patterns
	Assessment of the immune-infiltrating microenvironment
	Statistical analysis

	Acknowledgements
	References


