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Abstract. The aim of the present study was to identify genes 
and functional pathways associated with meniscal injuries 
affected by age or body mass index (BMI) using micro-
array analysis. The GSE45233 gene expression dataset with 
12 injured meniscus samples associated with age and BMI and 
GSE66635 dataset with 12 injured and 12 normal meniscus 
samples were downloaded from the Gene Expression 
Omnibus database. Differentially expressed genes (DEGs) 
were identified based on age or BMI in GSE45233. DEGs 
between injured and normal meniscus samples in GSE66635 
were also identified. Common DEGs between GSE45233 and 
GSE66635 were identified as feature genes associated with 
age or BMI, followed by protein‑protein interaction (PPI) 
network and functional pathway enrichment analyses for the 
feature genes. Finally, the GSE51588 genome‑wide expres-
sion profile was then downloaded from the GEO database to 
validate the results. A total of 1,328 DEGs were identified. 
Of these, 28 age‑associated and 20 BMI‑associated meniscal 
injury genes were obtained. B‑cell lymphoma‑2 (Bcl‑2) 
and matrix metalloproteinase‑14 were identified as hub 
genes in the PPI networks. Functional pathway enrichment 
analysis revealed that vascular endothelial growth factor A 
(VEGFA), transferrin (TF) and Bcl‑2 were involved in the 
hypoxia‑inducible factor 1 signaling pathway. TF was involved 
in the mineral absorption function pathway associated with 
BMI. Additionally, TF and VEGFA were identified to be over-
lapping candidate genes of GSE45233 and GSE66635, and 
DEGs in GSE51588. Therefore, VEGFA, TF, and Bcl‑2 may 
be important genes for human meniscal injuries. Additional 
evaluations of these results are required.

Introduction

Meniscal injury is a common disorder that may cause pain, 
swelling or mechanical symptoms in patients (1). As articular 
cartilages of the knee joint, menisci are crucial for normal func-
tion of the knee joint and protection of the articular surfaces (2). 
Articular cartilages, as specialized connective tissues of diar-
throdial joints, are affected by overall fitness levels (3,4).

Previously, the effect of factors including aging and obesity 
on articular cartilages has been widely studied. With aging, 
changes occur in articular cartilages, including degenerative 
changes in the morphology, loss of cartilage matrix proteins, 
cleavage of type II collagen, worsening of mechanical proper-
ties and dysregulated expression of associated genes (4‑7). An 
inverse correlation between cartilage thickness within the knee 
joint and age has been demonstrated (8). The mechanisms of 
obesity affecting articular cartilages are complex, and include 
biomechanical effects via increased loading and meta‑inflam-
mation (9‑14). Abnormalities in the articular cartilage of the knee 
are also associated with obesity, as revealed by the investigation 
of obese adolescent patients suffering from knee pain (15).

Details of the gene expression profile in human meniscal 
injury have been described previously (16‑18). Expression of 
vascular endothelial growth factor A (VEGFA), tumor necrosis 
factor‑α and matrix metalloproteinases (MMPs) were demon-
strated to be varied by age in patients with meniscal tears (16,19). 
Neuronal apoptosis‑inhibitory protein, apoptosis inhibitor of 
macrophage, carbohydrate sulfotransferase 15 and MMP28 
were suggested to be associated with obesity (17). However, 
gene expression changes associated with injuries and aging or 
obesity in the human meniscus have not been fully investigated.

Microarray analysis of gene expression changes and func-
tional pathways may be useful to improve understanding of the 
associations between aging or obesity and meniscal injuries. 
In previous studies, GSE45233 microarray data was used to 
study variation in gene expression signatures in human injured 
meniscus with age or body mass index (BMI) and the degree 
of chondrosis in the knee  (16,17). GSE66635 microarray 
data was used to compare transcriptome signatures between 
the meniscus and articular cartilage from knees undergoing 
arthroscopic partial meniscectomy (18). In the present study, 
the GSE45233 and GSE66635 datasets were downloaded and 
analyzed to identify genes and functional pathways associated 
with age or BMI in human injured meniscus. Differentially 

Microarray analysis of the molecular mechanisms associated 
with age and body mass index in human meniscal injury

PEIYAN HUANG,  JUN GU,  JUNGUO WU,  LEI GENG,  YANG HONG,  SIQUN WANG  and  MINGHAI WANG

Department of Orthopedic Surgery, Shanghai Fifth People's Hospital 
Affiliated to Fudan University, Shanghai 200240, P.R. China

Received February 4, 2018;  Accepted October 4, 2018

DOI:  10.3892/mmr.2018.9685

Correspondence to: Dr Minghai Wang, Department of Orthopedic 
Surgery, Shanghai Fifth People's Hospital Affiliated to Fudan 
University, 128 Ruili Road, Minhang, Shanghai 200240, P.R. China
E‑mail: wwmmhai2@163.com

Key words: meniscal injury, body mass index, age, differentially 
expressed genes, protein‑protein interaction network, functional 
enrichment analysis

https://www.spandidos-publications.com/10.3892/mmr.2018.9685


HUANG et al:  MICROARRAY ANALYSIS OF HUMAN MENISCAL INJURY94

expressed genes (DEGs) were identified and feature genes 
were obtained by comparing the DEGs from the 2 datasets. 
Protein‑protein interaction (PPI) networks of these feature 
genes were constructed to obtain hub genes. Functional 
pathway enrichment analysis for feature genes was also 
performed to identify key pathways in the development of 
age or BMI‑associated meniscal injuries. Furthermore, the 
GSE51588 genome‑wide expression profile was downloaded 
from the Gene Expression Omnibus (GEO) database to 
validate the results. The results concerning gene expression 
changes in human injured meniscus may provide an improved 
understanding of the associations between meniscal injuries 
and aging or obesity.

Materials and methods

Affymetrix microarray data. The gene expression profile data-
sets GSE66635, deposited by Rai et al (18), and GSE45233, 
deposited by Rai et al  (16,17), were downloaded from the 
GEO (www.ncbi.nlm.nih.gov/geo/) database. GSE66635 and 
GSE45233 were based on the GPL16686 Human Gene 2.0 
ST Array (Affymetrix Inc.; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) and GPL10558 HumanHT‑12 V4.0 
expression Beadchip (Illumina, Inc., San Diego, CA, USA) 
platforms, respectively. A total of 24 samples were available 
in the GSE66635 dataset, including 12 injured meniscus and 
12 normal articular cartilages from patients undergoing partial 
meniscectomy. The second microarray profile, GSE45233, 
included 12 isolated injured meniscus tissues from patients 
undergoing arthroscopic partial meniscectomy.

Data preprocessing and feature genes screening. The 
probe‑level data in the CEL files were converted to expres-
sion measures, and idle probes were deleted. When multiple 
probes corresponded to the same gene, the expression values 
of those probes were averaged. The 2 datasets were aggregated 
according to gene names, followed by background correction 
and quartile data normalization by the robust multiarray 
average algorithm in R language (20).

Based on the GSE66635 gene expression profile data, DEGs 
in injured menisci from patients undergoing partial meniscec-
tomy were identified using the Linear Models for Microarray 
Data (Limma) package (21) in R language compared with 
normal articular cartilage. The cut‑off values were P<0.05 and 
fold change (FC) >1.5.

Samples of GSE45233 were grouped by age and BMI 
according to World Health Organization standards (lean, BMI 
<18.5; normal, BMI 18.5‑25; obese, BMI >25 kg/m2) (22). The 
age group included 6 samples of patients >40 years of age 
(old group) and 6 samples of patients <40 years of age (young 
group). DEGs associated with age were then identified in the 
old group using the Limma package and compared with the 
young group.

The BMI group contained 8 samples of lean patients (lean 
group) and 4 samples of obese patients (obese group); no 
patients were in the normal category according to this dataset. 
DEGs associated with age were identified in the obese group 
using the Limma package and compared with the lean group.

Common DEGs between GSE66635 and the age group 
in GSE45233 were defined as ‘feature’ genes associated with 

age‑associated meniscal injuries. Similarly, common DEGs 
identified from GSE66635 and the BMI group in GSE45233 
were BMI‑associated feature genes.

Integrative analysis of feature gene expression levels. A 
total of 9 samples of patients >40 years of age and 3 samples 
of patients <40 years of age were selected from the injured 
meniscus samples in GSE66635. Combining these samples 
with those in the age group from GSE45233, a new age group 
with 15 samples of patients >40 years of age and 9 samples 
of patients <40 years of age was obtained. Similarly, 8 obese 
samples from GSE66635 were selected and combined with 
those in the BMI group from GSE45233, obtaining a new 
BMI group with 8 lean samples and 12 obese samples. The 
significances of average expression level differences for feature 
genes extracted from the two new groups were analyzed by 
t‑test using the Limma package (23). Heat maps were gener-
ated using Pheatmap (24) in R language, to exhibit the results 
of bidirectional hierarchical clustering based on the expression 
value of the feature genes.

Classification of the sample classification model. Support 
vector machines (SVM)  (25) are a useful technique for 
two‑group classification problems. To verify the identifiability 
and classifiability of the feature genes extracted from the two 
new groups, the SVM classifier model was performed based 
on the expression value of these feature genes. SVMs were 
initially optimized using the DEGs in the training set and the 
feature genes were examined in the test set to separate the 
samples in the new age and BMI groups.

PPI network construction. The Human Protein Reference 
Database (HPRD; www.hprd.org/) (26) is a protein database 
that contains information on human protein functions, including 
PPIs, post‑translational modifications, and enzyme‑substrate 
and disease associations. PPI networks for age‑associated 
feature genes and BMI‑associated feature genes were respec-
tively constructed by mapping the two groups of feature genes 
to the PPI pairs downloaded from HPRD, which were then 
visualized using Cytoscape (27). Finally, hub genes with the 
highest node degree in the PPI networks were identified using 
CytoNCA (28) plugin (network without weight) in Cytoscape.

Pathway enrichment analysis. The Kyoto Encyclopedia 
of Genes and Genomes (KEGG) pathway database (www.
genome.jp/kegg/pathway.html) (29) is used for the systematic 
analysis of gene functions and associated genomic information 
with higher order functional information. The feature genes 
were examined using the KEGG pathway database to identify 
functional pathways. The enrichment process was performed 
by the Fisher algorithm using KOBAS2.0 (30) as follows:

where N is the number of total genes in the genome, M is the 
number of genes in the pathway and K is the number of DEGs. 
The Fisher score indicates the probability of X functional 
pathway genes among K DEGs.
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Data validation. To validate the results, the GSE51588 
genome‑wide expression profile was downloaded from the 
GEO database. This dataset was obtained from 40 subchon-
dral bone tissue samples from patients with osteoarthritis and 
10 samples from normal subjects based on the GPL13497 
Agilent‑026652 Whole Human Genome Microarray 4x44 K 
v2 platform. The original data in TXT format were prepro-
cessed using the Limma package (version 3.30.13; www.
bioconductor.org/packages/2.9/bioc/html/limma.html) (21). 
The preprocessing methods included background correction 
and data normalization. DEGs were identified using the Bayes 
method in Limma with a threshold P<0.05.

The overlapping DEGs between GSE66635 and GSE45233 
were selected as candidate genes, which were then compared 
with the DEGs obtained from GSE51588.

Results

Screening of candidate feature genes. Following data normal-
ization, genes exceeding the difference threshold (P<0.05 and 
FC >1.5) were screened. A total of 364 DEGs were identified 
in injured meniscus samples compared with normal meniscus 
samples in GSE66635, among which 135 DEGs were down
regulated and 229 DEGs were upregulated. A total of 424 DEGs 
were screened in the old group compared with the young 
group in GSE45233, including 222 downregulated genes and 
202 upregulated genes. In the obese group, compared with the 
lean group, 540 genes were differentially expressed, including 
340 downregulated and 200 upregulated genes. Comparison 
of the DEGs in the GSE66635 dataset with the DEGs of the 
age group in GSE45233 identified 28 age‑associated meniscal 
injury feature genes (Table I). Of these, 15 feature genes were 
downregulated, which included S100 calcium‑binding protein 
A1 (S100A1) and BARX homeobox 2, and 13 feature genes 
were upregulated, which included cluster of differentiation 36 
and endomucin (EMCN). A total of 20 common genes between 
the GSE45233 dataset and the BMI group in GSE45233 were 
identified as BMI‑associated meniscal injury feature genes 
(Table  I). Of these, 11 feature genes were downregulated, 
which included EMCN and furry, and 9 feature genes were 
upregulated, which included IGF binding protein 1 and S100 
calcium‑binding protein A8 (S100A8).

Integrative analysis of expression levels of feature genes. 
Following integration of the GSE66635 and GSE45233 data-
sets, a new age‑associated meniscal injury group including 
24 samples and a new BMI‑associated meniscal injury group 
including 20 samples were obtained. Intra‑group differences 
of the 28 age‑associated meniscal injury feature genes and 
20 BMI associated meniscal injury feature genes were exam-
ined by t‑test. For the age group, the average expression levels 
of the young group were significantly increased compared 
with those of the old group (P=0.021); for the BMI group, the 
average expression levels of the lean group were increased 
compared with those of the obese group, but the difference was 
not significant (P=0.3663; Fig. 1A). Heat maps (Fig. 1B and C) 
of bidirectional hierarchical clustering indicated that the 
samples within the age group were completely separated into 
the young and old groups, while 1 obese sample (obese‑12) in 
the BMI group was assigned to the lean group.

Table I. Feature genes in age and body mass index groups.

A, Age group

Gene	 P‑value	 log2FC

S100A1	 0.0004	‑ 5.64
BARX2	 0.0096	‑ 2.95
IGFBP1	 0.0341	‑ 2.46
HAPLN1	 0.0031	‑ 2.21
DIXDC1	 0.0123	‑ 2.01
FGFBP2	 0.0381	‑ 1.92
FBLN7	 0.0076	‑ 1.81
VEGFA	 0.0173	‑ 1.66
GREM1	 0.0171	‑ 1.56
TF	 0.0281	‑ 1.40
BCL2	 0.0345	‑ 1.30
DCHS1	 0.0020	‑ 1.29
SMOC1	 0.0042	‑ 1.23
CAPN6	 0.0167	‑ 1.20
PTGES	 0.0352	‑ 1.08
VIT	 0.0459	 1.00
LYZ	 0.0258	 1.23
FGL2	 0.0033	 1.24
CCNB1	 0.0030	 1.31
PBK	 0.0043	 1.39
BST2	 0.0102	 1.46
CTSS	 0.0222	 1.48
HTRA4	 0.0068	 1.51
DDHD1	 0.0093	 1.55
TSPAN7	 0.0007	 1.57
CALCRL	 0.0198	 2.61
EMCN	 0.0171	 6.40
CD36	 0.0010	 9.33

B, Body mass index group

Gene	 P‑value	 log2FC

EMCN	 0.0169	‑ 6.40
FRY	 0.0353	‑ 4.20
EDNRA	 0.0084	‑ 3.18
MFAP2	 0.0304	‑ 2.26
CXCL12	 0.0113	‑ 2.19
ABHD2	 0.0010	‑ 1.86
EYA4	 0.0339	‑ 1.79
ARHGAP11B	 0.0145	‑ 1.57
MKL2	 0.0260	‑ 1.41
MMP14	 0.0398	‑ 1.26
ISLR	 0.0121	‑ 1.18
DIXDC1	 0.0150	 1.03
BTC	 0.0212	 1.14
RCAN1	 0.0191	 1.34
TF	 0.0325	 1.45
CST6	 0.0397	 1.48
RAD51AP2	 0.0007	 1.58
KAL1	 0.0098	 2.40
S100A8	 0.0042	 2.74
IGFBP1	 0.0157	 2.95

FC, fold change. 
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Classification of SVM classifier model. To observe the classifi-
ability of the feature genes from the age and BMI classifications, 
the SVM classifier model was utilized. Samples in the age group 
were divided into two groups, but 1 old sample was included 
with the young samples (Fig. 2A). The samples in the BMI group 
were completely divided into lean and obese groups (Fig. 2B).

PPI network analysis. Analysis of the HPRD database identified 
215 unique PPI pairs for the age group and 90 unique PPI pairs for 

the BMI group. The PPI network for age‑associated feature genes 
contained 222 nodes, including 18 feature genes (Fig. 3A). The PPI 
network for BMI‑associated feature genes contained 102 nodes, 
including 15 feature genes (Fig. 3B). Network topology analysis 
indicated that the constructed PPI networks obeyed scale‑free 
network attributes (Fig. 4) and the node degree of the network 
followed the distribution, obtaining y = 64.6 * x‑2.57 for the age 
group and y = 47.82 * x‑2.46 for the BMI group, where x represents 
node degree. The top 5 nodes with the higher node degree of the 

Figure 1. Comparison of the average expression levels between groups of feature genes. (A) A t‑test of the average expression level of feature genes was 
performed. (B) Heat map of bidirectional hierarchical clustering for feature genes in the age group. 



MOLECULAR MEDICINE REPORTS  19:  93-102,  2019 97

age group were B‑cell lymphoma‑2 (Bcl‑2), CyclinB1, S100A1, 
VEGFA and Transferrin (TF) (Table II). The top 5 nodes of the 

BMI group were MMP14, S100A8, TF, chemokine (C‑X‑C motif) 
ligand 12 and endothelin receptor type A (Table II).

Figure 1. Continued. Comparison of the average expression levels between groups of feature genes. (C) Heat map of bidirectional hierarchical clustering for 
feature genes in the body mass index group.

Figure 2. Scatter plots of support vector machines classification of the samples. (A) Age and (B) body mass index groups are presented. The orange color repre-
sents the young and obese samples. The green color represents old and lean samples. The x‑axis and y‑axis represent the sample position vector coordinates 
according to the classifier.
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Pathway enrichment analysis. KEGG pathway enrich-
ment analyses for the top 10 feature genes were performed. 
Feature genes associated with age‑associated meniscal injury 
were significantly enriched in the hypoxia‑inducible factor 1 
(HIF‑1) signaling pathway, including VEGFA, TF, and Bcl‑2 
(Table  III). Feature genes associated with BMI‑associated 
meniscal injury were significantly associated with the mineral 
absorption function pathway, in which TF was enriched.

Data validation. From GSE51588, a total of 3,403 DEGs 
(1,853 upregulated and 1,550 downregulated) were identified 
(data not shown). Following comparison of GSE66635 and 
GSE45233, a total of 28 and 20 common DEGs (candidate 
genes) associated with age and BMI, respectively, were identi-
fied. Finally, 11 overlapping genes were obtained between 

candidate genes and DEGs in GSE51588 (Table IV). These 
included TF and VEGFA.

Discussion

Meniscal injury is a common disease caused by athletic events 
and activities in daily life. Patient age and BMI are associated 
meniscal injuries (17,18). An understanding of the molecular 
mechanism of the associations between meniscal injuries 
and age or BMI is important. In the present study, 2 datasets 
(GSE45233 and GSE66635) associated with meniscal injury 
were downloaded from the GEO database and analyzed. Feature 
genes associated with age‑associated meniscal injury, including 
VEGFA, TF and Bcl‑2 were involved in the HIF‑1 signaling 
pathway. In addition, the feature gene TF was also associated 

Figure 3. PPI networks of feature genes and network topology analysis. (A) PPI network constructed based on the feature genes in the age group. (B) PPI 
network constructed based on the feature genes in the BMI group. The yellow color represents upregulated genes and the blue color represents downregulated 
genes. The young group serves as the control in the age group, and the lean group serves as the control in the BMI group. The pink color represents the 
remaining interactional genes, with the exception of the feature genes. PPI, protein‑protein interaction; BMI, body mass index.
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with BMI‑associated meniscal injury and was significantly 
enriched in the mineral absorption function pathway.

Bcl‑2 is a regulator of apoptosis from the B‑cell 
lymphoma‑2 family, and its function is to inhibit cell death, 
rather than promote proliferation (18,31‑33). Overexpression of 
Bcl‑2 in mouse bones suppresses apoptosis of bone cells (34) 

and suppression of Bcl‑2 increases apoptosis in leukemic 
cells (35). Meniscal injuries are directly associated with the 
development of osteoarthritis (36). Emerging evidence indi-
cates that apoptosis serves an important role in osteoarthritis 
pathology (37). Iwata et al (38) demonstrated that the levels 
of apoptosis in chondrocytes in mice consuming a high‑fat 
diet was increased. The present study identified that Bcl‑2 was 
downregulated in the injured meniscus samples compared 
with the normal meniscus, meaning that apoptosis may be 
increased in injured menisci tissues, which was in accordance 
with data from Iwata et al (38). The expression of Bcl‑2 was 
downregulated in the old group compared with the young 
group, in accordance with a previous study (16). Bcl‑2 was the 
hub gene with a node degree of 74 in the PPI network for the 
feature genes associated with age in the injured meniscus. All 
these data imply that aging may accelerate apoptosis of the 
injured menisci of older patients.

VEGFA is an important angiogenetic protein with a 
selective mitogenic effect on vascular endothelial cells (39). 
As a vascular endothelial growth factor, VEGFA was demon-
strated to be necessary for the survival of chondrocytes 
during skeletal development (40) and as a regulator of osteo-
blast differentiation during bone development (41). VEGFA 
may increase the osteogenic healing capacity by promoting 
osteogenic and endothelial differentiation (42). A previous 
study revealed that VEGF levels were increased following 
the creation of meniscal lesions in rabbits (43). Chen et al (39) 
recently identified that VEGFA was downregulated in osteo-
arthritis chondrocytes compared with normal chondrocytes. 
In the present study, the expression of VEGFA was down-
regulated in the injured meniscus compared with the normal 
meniscus tissues, which is consistent with previous data that 
the healing capacity of menisci tissue may be damaged in 
injured meniscus, as the angiogenesis function of VEGFA 
is be inhibited in the downregulated condition  (44,45). 
Furthermore, the expression of VEGFA was downregulated 
in the old group compared with the young group, consistent 
with a previous study (16). Therefore, the healing capacity 
for injured meniscus of older patients may be not as efficient 
compared with younger patients.

In the present study, TF was identified as a meniscal injury 
feature gene associated with age and BMI. TF is an iron trans-
port protein, which delivers iron from absorption centers and 

Table II. List of top 10 highest degree nodes of the age and 
body mass index groups.

A, Age group

Gene	 P‑value	 log2FC	 Degree

BCL2	 0.0345	‑ 1.30	 74
CCNB1	 0.0030	 1.31	 30
S100A1	 0.0004	‑ 5.64	 18
VEGFA	 0.0173	‑ 1.66	 18
TF	 0.0281	‑ 1.40	 14
CD36	 0.0010	 9.33	 13
PBK	 0.0043	 1.39	 12
CTSS	 0.0222	 1.48	 8
HAPLN1	 0.0031	‑ 2.21	 7
CALCRL	 0.0198	 2.61	 6

B, Body mass index group	

Gene	 P‑value	 log2FC	 Degree

MMP14	 0.0398	‑ 1.26	 20
S100A8	 0.0042	 2.74	 16
TF	 0.0325	 1.45	 14
CXCL12	 0.0113	‑ 2.19	 7
EDNRA	 0.0084	‑ 3.18	 6
IGFBP1	 0.0157	 2.95	 5
MFAP2	 0.0304	‑ 2.26	 5
RCAN1	 0.0191	 1.34	 5
BTC	 0.0212	 1.14	 4
MKL2	 0.0260	‑ 1.41	 3

Figure 4. Node degree distribution of the feature genes. (A) Node degree distribution of the age group network. (B) Node degree distribution of the body mass 
index group network.
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storage sites to all tissues as it circulates in the plasma (46). TF 
serves a major role in angiogenesis during endochondral bone 
formation and is produced by hypertrophic chondrocytes (47). 
Hypertrophy and neovascularization are specific signs of 
healing of injured menisci (48), through which TF may be 
produced and transported. Based on these data, the upregula-
tion of TF in the injured meniscus indicates that the healing 
of the injured meniscus may have occurred, and that TF may 
have a role in the healing progress. However, this hypothesis 
requires experimental verification. TF was identified to be 
downregulated in the old group compared with the young 
group in the present study, which is consistent with previous 
data (16), indicating that recovery of the injured meniscus in 
old patients may be slower. Patient age has a detrimental effect 
on the healing potential of the injured meniscus (48). The 
reason why the expression of TF was upregulated in the obese 
group compared with the lean group is not clear, as a tendency 
for lower TF saturation in obesity has been suggested (49). 
Additional investigation is required to verify the association 
between TF and healing of injured meniscus.

One of the key results of the present study was that the 
feature genes in the age group were enriched in the HIF‑1 
signaling pathway and the feature genes in the BMI group were 
enriched in the mineral absorption function pathway. HIF‑1 is 
a transcriptional activator that targets genes encoding proteins 

that increase O2 delivery and mediate adaptive responses to O2 
deprivation (50,51). HIF‑1α may protect articular cartilage by 
promoting the chondrocyte phenotype, maintaining chondro-
cyte viability and supporting metabolic adaptation to a hypoxic 
environment (52). Articular cartilage is a hypoxic tissue, in 
which HIF‑1 is essential for survival, growth, energy generation 
and matrix synthesis of chondrocytes (33,44). HIF‑1 is the major 
regulator of VEGFA in the context of angiogenesis (53,54). 
VEGFA may promote angiogenesis (44,45), which is an indica-
tion of the healing process in injured menisci (48). Expression 
of oxygen‑regulated TF is positively mediated by HIF‑1 (55), 
which occurs in the hypoxic meniscal tissues. In addition, 
Bcl‑2 may promote HIF‑1‑mediated VEGF expression under 
hypoxia by increasing the expression level of HIF‑1 (56). In the 
present study, VEGFA and Bcl‑2 were downregulated in the 
injured meniscus compared with the normal meniscus tissue. 
This indicates that the HIF‑1 signaling pathway was inhibited. 
These results indicate that apoptosis may be increased, and 
angiogenesis may be decreased in meniscal injury tissues. The 
expression of VEGFA, TF and Bcl‑2 was downregulated in the 
old group compared with the young group, which may explain 
the longer time generally required for older patients to recover 
from meniscal injuries compared with younger patients (57). 
However, TF was upregulated in the injured meniscus, which 
was in contrast to the data that TF is positively mediated by 

Table III. Pathways associated with feature genes in the age and BMI groups.

Group	 Pathway	 ID	 P‑value	 Genes

Age 	 HIF‑1 signaling pathway	 hsa04066	 0.002013	 VEGFA, TF, BCL2
BMI 	 Mineral absorption	 hsa04978	 0.043813	 TF

HIF‑1, hypoxia‑inducible factor 1; VEGFA, vascular endothelial growth factor A; TF, transferrin; BCL2, B‑cell lymphoma 2; BMI, body mass 
index.

Table IV. Overlapping genes between candidate genes and differentially expressed genes in GSE51588.

		  Differentially expressed genes
	 Candidate genes	 in GSE51588
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Gene name	 P‑value	 logFC	 Type	 P‑value	 logFC

TF	 2.81x10‑2	‑ 1.40 	 Age	 3.20x10‑3	‑ 0.56 
VEGFA	 1.73x10‑2	‑ 1.66 	 Age	 7.95x10‑3	‑ 0.62 
BST2	 1.02x10‑2	 1.46 	 Age	 6.25x10‑3	 0.64 
EMCN	 1.71x10‑2	 6.40 	 Age	 1.23x10‑5	 0.65 
VIT	 4.59x10‑2	 1.00 	 Age	 4.17x10‑5	 0.70 
ABHD2	 9.91x10‑4	‑ 1.86 	 BMI	 2.09x10‑2	‑ 0.56 
ARHGAP11B	 1.45x10‑2	‑ 1.57 	 BMI	 1.19x10‑2	‑ 0.72 
BTC	 2.12x10‑2	 1.14 	 BMI	 4.12x10‑3	 1.13 
DIXDC1	 1.50x10‑2	 1.03 	 BMI	 2.27x10‑7	 0.63 
KAL1	 9.84x10‑3	 2.40 	 BMI	 1.39x10‑3	 0.95 
RAD51AP2	 6.60x10‑4	 1.58 	 BMI	 4.94x10‑2	 0.37

BMI, body mass index.
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HIF‑1 under hypoxic condition (55). This may be a result of 
co‑regulation by the HIF‑1 signaling pathway and the mineral 
absorption function pathway. An additional contradiction is 
that TF was upregulated in the obese group and, contrarily, TF 
saturation in obesity is usually decreased (49). Experimental 
verification of these contradictions is important for additional 
understanding of the mechanisms of meniscal injuries.

There are certain limitations in the present study. The key 
genes identified were not validated in clinical or in vivo studies, 
although data validation was performed. Additionally, the 
sample size was small. Therefore, future clinical and in vivo 
studies will be performed to validate the results of the present 
study, and to investigate the underlying molecular mechanisms 
of the effects of aging and obesity on meniscal injuries.

Aging may affect the development of meniscal injuries 
through the HIF‑1 signaling pathway, in which VEGFA, TF, and 
Bcl‑2 are involved. Obesity may affect the mineral absorption 
function pathway in injured menisci by regulating the expres-
sion of TF. However, there remains a lack of experimental 
evidence to confirm the hypotheses in the present study, and 
the molecular mechanisms of the effects of aging and obesity 
on these pathways remain unclear. In addition, why and how 
TF is involved in the HIF‑1 signaling pathway and the mineral 
absorption function pathway requires additional study.
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