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Letter to the Editor 

Exploring Genome-wide DNA Methylation Profiles  
Altered in Kashin-Beck Disease Using Infinium 
Human Methylation 450 Bead Chips* 

SHI Xiao Wei1, SHI Bo Hui3, LYU Ai Li2, ZHANG Feng2, ZHOU Tian Tian2, and GUO Xiong2,# 

To understand how differentially methylated 
genes (DMGs) might affect the pathogenesis of 
Kashin-Beck disease (KBD). Genome-wide 
methylation profiling of whole blood from 12 
matched KBD and controls pairs was performed 
using a high-resolution Infinium 450 K methylation 
array. In total, 97 CpG sites were differentially 
methylated in KBD compared to the normal 
controls; of these sites, 36 sites were significantly 
hypermethylated (covering 22 genes) and 61 sites 
were significantly hypomethylated (covering 34 
genes). Of these genes, 14 significant pathways 
were identified, the most significant P value 
pathway was type I diabetes mellitus pathway and 
pathways associated with autoimmune diseases 
and inflammatory diseases were included in this 
study. Subsequently, 4 CpG sites in HLA-DRB1 were 
validated using bisulfite sequencing polymerase 
chain reaction (BSP) in articular cartilage, and the 
results showed significant differences in the 
methylation status between KBD and controls, 
consistent with the results of the high-resolution 
array. These results suggested that differences in 
genome-wide DNA methylation exist between KBD 
and the controls, and the biological pathways 
support the autoimmune disease and inflammatory 
disease hypothesis of KBD.  

Kashin-Beck disease (KBD) is an endemic and 
chronic osteochondropathy that is primarily 
distributed within a limited area that extends from 
southeastern Siberia to northeastern and 
southwestern China. Biogeochemical risk factors 
such as endemic selenium deficiency, high humic 
acid levels in drinking water, and the contamination 
of cereals with mycotoxin- producing fungi have long 
been known to cause KBD[1]. However, the etiology 

of KBD remains unclear.  
Recent results from epidemiological and genetic 

studies suggest that interactions between 
environmental factors and susceptibility genes might 
play a role in the disease[2], and researchers have 
identified a set of abnormally expressed genes, 
proteins and pathways that are associated with 
KBD[3]. Differences in the phenotypes and the 
expression of genes between KBD patients and 
normal controls reflect a profound change that are 
in the processes involved in gene regulation at the 
transcriptional and post-transcriptional levels[3]. 
Epigenetic alterations comprise modifications of 
DNA and histones, which regulate gene expression 
through changes in chromatin structure[4]. 
Environmental factors are now known to directly or 
indirectly induce epigenetic changes, which 
modulate gene expression and are thus associated 
with changes in cell function[5]. As noted above, both 
genetic and environmental factors contribute to the 
etiology of KBD. However, to date, little is known 
regarding the role of epigenomics, particularly DNA 
methylation profiles, in the pathophysiology of KBD.  

The Infinium Human Methylation 450 (450 K) 
BeadChip array includes 485,764 CpG sites from 
21,231 genes, covering 96% of the CpG islands and 
99% of the RefSeq genes, with multiple probes per 
gene from the University of California Santa Cruz 
(UCSC) database[6]. The application of this array 
indicates that the Infinium Human Methylation 450 
BeadChip is an efficient, robust and affordable tool 
for assessing epigenetic changes across the human 
genome. In the current study, for the first time, we 
applied these arrays, to determine aberrant DNA 
methylation patterns of KBD in the Chinese Han 
population.  
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Twelve matched pairs of KBD and controls were 
included to explore alterations in genome-wide DNA 
methylation profiles. Radiographs of the right hand 
were taken for both KBD patients and healthy 
controls and read by veteran orthopedists. KBD was 
diagnosed according to the Chinese national 
diagnostic criteria for KBD (WS/T 207-2010). The 
healthy controls were defined as having neither KBD 
nor arthritis and were selected from the same 
KBD-endemic area. Fresh blood (5 mL) was collected 
from the antecubital vein in a fasting state. Total 
DNA was extracted using a Blood DNA Extraction Kit 
(Bei-Mei Co., Shaanxi, China). The study was 
performed in accordance with the Declaration of 
Helsinki and was approved by the Human Ethics 
Committee of Xi'an Jiaotong University, China. 
Informed written consent was obtained from each 
subject.  

Bisulfite modification of 1.25 μg of DNA was 
conducted using an EZ DNA Methylation Kit (Zymo 
Research, Orange, CA, USA) according to the 
manufacturer’s procedure. The Infinium Methylation 
450K assay was performed according to Illumina’s 
standard protocol. The DNA methylation profiling 
data were processed using the Methylation Module 
of the GenomeStudio V1.9 software with the default 
parameters (Illumina). Before statistical analysis, the 
following pre-processing was applied: cell type 
composition was estimated using Houseman 
algorithm, remove probes with a detection P>0.05; 
adjust for age and gender balance; Color-bias 
adjustment and quantile normalization were 
performed on signal intensities as implemented in 
lumi; CpG sites on the sex chromosomes were 
removed to avoid gender specific methylation bias. 
Subsequently, an empirical Bayes-moderated t-test 
with Bonferroni correction for multiple testing was 
used to identify CpG sites that are differentially 
methylated between KBD and controls. A significant 
difference was defined as sites with a 
Bonferroni-corrected P value ≤0.05 which 
corresponds to a raw P value of ≤1.08×10-7. To 
investigate the biological relevance of these genes, a 
GO analysis was conducted using the FatiGO tool. 
Additionally, these genes were mapped to KEGG 
pathways and functional categories via Wikipathway 
analysis.  

Additional, knee articular cartilage was obtained 
from 21 cases who had undergone amputation 
because of traffic accidents (Controls, 11 men and 10 
women with a mean±SD age of 48.23±7.65 years) 
and from 22 KBD patients who underwent knee 

debridement or arthroplasty at a hospital (KBD, 10 
men and 12 women with a mean±SD age of 
51.00±8.30 years). Genomic DNA was extracted 
using an AllPrep DNA Mini kit (Qiagen). HLA-DRB1 
has been reported to be associated with KBD[7], and 
the most significant P value CpG site was in 
HLA-DRB1; thus, 2 hypermethylated (cg15568074, 
16514085) and 2 hypomethylated (cg04026937, 
cg18052547) significant CpG sites in HLA-DRB1 were 
validated used bisulfite sequencing polymerase 
chain reaction (BSP). BSP was performed with 500 ng 
of genomic DNA from each sample using an EZ DNA 
Methylation-Gold kit (Zymo Research Corporation) 
according to the manufacturer’s instructions.  

The combined data from the 24 samples 
revealed that 97 CpG sites associated with 54 
different genes had significant differences in DNA 
methylation between the KBD cases and the healthy 
controls. Among the significant CpG sites, 36 (37.1%) 
were significantly hypermethylated (covering 22 
genes), and 61 (62.9%) were significantly 
hypomethylated (covering 34 genes). Most of the 
significant CpG sites, 50.0% (18/36) hypermethylated 
and 44.3% (27/61) hypomethylated CpG sites, are 
found in open sea (>6 kb from CpG islands) (Table 1). 
Based on the significant CpG sites, the fragments 
were further counted in which the significant CpG 
sites were all hypermethylation or all 
hypomethylation, in regions of promote, twelve 
genes were included in the DMRs (differentially 
methylated regions), including one miRNA. These 
results suggested that differences in genome-wide 
DNA methylation exist between KBD and the 
controls. 

A functional analysis of the genes associated 
with the differentially methylated sites revealed a 
strong enrichment in the categories of ‘Biological 
processes’ and ‘Molecular functions’ (Figure 1). GO 
analysis revealed that the KBD-associated genes 
were highly involved in immune functions, and a 
number of the histocompatibility leukocyte antigen 
(HLA) complex genes were found to be associated 
with KBD. Of the methylated gene sites, the most 
significant P value was for HLA-DRB1. HLA-DRB1 has 
been reported to be associated with osteoarthritis 
(OA)[8], rheumatoid arthritis (RA)[9], and KBD[7]. The 
DMGs (differentially methylated genes) of HLA-DQA1, 
HLA-DRB5, HLA-DPB1, and HLA-DQB1 were all 
reported to be associated with RA. Our findings are 
consistent with those of previous studies, which 
support the association of HLA-DRB1 with KBD and 
the autoimmune disease hypothesis of KBD[7]. 
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Table 1. Distribution of Genomic Regions for All Significantly Differentially Methylated  
CpG Sites in KBD Blood Cells Compared with Healthy Blood Cells 

Genomic Region of CpG Sites Hypermethylated CpG Sites N (%) Hypomethylated CpG Sites N (%) 

CpG island (CGI) 5 (13.9) 17 (27.9) 

Shore (0-2 kb from CGI) 8 (22.2) 7 (11.5) 

Shelf (4-6 kb from CGI) 5 (13.9) 10 (16.4) 

Open sea (>6 kb from CGI) 18 (50.0) 27 (44.3) 

Total 36 61 

 

Figure 1. Summary of the gene ontology (GO) analysis of the categories of ‘Biological processes (green)’, 
‘Molecular functions (blue)’, and ‘Cellular components (red)’ among the differentially methylated genes. 
Y axis: negative logarithm (-lg) of the P value; X axis: GO category. 
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Table 2. KEGG Pathway Analysis of the Differentially Methylated and Expressed Genes 

Pathways P Values q Values 

Type I diabetes mellitus 1.03×10-9 4.12×10-8 

Allograft rejection 3.59×10-8 7.18×10-7 

Graft-versus-host disease 5.52×10-8 7.21×10-7 

Autoimmune thyroid disease 7.21×10-8 7.21×10-7 

Asthma 1.01×10-6 5.90×10-6 

Antigen processing and presentation 1.17×10-6 5.90×10-6 

Viral myocarditis 1.17×10-6 5.90×10-6 

Cell adhesion molecules 1.18×10-6 5.90×10-6 

Intestinal immune network for IgA production 8.52×10-6 3.79×10-5 

Staphylococcus aureus infection 1.19×10-5 4.74×10-5 

Leishmaniasis 3.53×10-5 1.28×10-4 

Phagosome 5.01×10-5 1.67×10-4 

Toxoplasmosis 4.27×10-4 1.27×10-3 

Systemic lupus erythematosus 4.27×10-4 1.27×10-3 

 

To further investigate the key pathways linked 
to these distinct genes, significant pathways 
associated with KBD were constructed according to 
the KEGG database. Our analysis revealed that these 
DMGs are widely involved in various cellular 
pathways, and 14 signaling pathways were detected 
and considered significant (q<0.05). These biological 
pathways are listed in Table 2. The top-ranked 
pathway is the KEGG ‘Type I DM’ pathway 
(q=4.12×10-8). A previous meta-analysis identified a 
relationship between RA and the occurrence of 
DM[10]. KBD has been found to have overlapping 
phenotypes and pathologic changes similar to those 
of RA, and we speculate that the type I DM pathway 
may play a direct or indirect role in KBD, although 
few reports have linked this pathway to KBD. Both 
pathways associated with immune diseases (eg, 
allograft rejection, graft-versus-host disease, 
autoimmune thyroid disease, et al.) and those 
associated with inflammatory diseases (eg, viral 
myocarditis, asthma, staphylococcus aureus 
infection, et al.) were significantly enriched in the 
differentially methylated profiles. These results 
suggest that immune and inflammatory processes 
may be key regulators of KBD, although further, 
well-designed studies with a larger sample sizes are 
required to confirm this idea. 

We verified 4 CpG sites in HLA-DRB1 by BGS in 
articular cartilage. Of the 2 hypermethylated CpG 
sites, the methylation levels detected in KBD and 
controls were 72.7% (16/22) vs. 23.8% (5/21) and 
72.7% (16/22) vs. 14.3% (3/21), (X2=10.28, 14.88, 
both P<0.05). For the 2 hypomethylated CpG sites, 

the methylation levels detected in KBD and controls 
were 36.4% (8/22) vs. 71.4% (15/21); 22.7% (5/22) vs. 
61.9% (13/21), (χ2=15.31, 6.76; both P<0.05). 
Abnormal methylation of HLA-DRB1 is found in KBD, 
which was consistent with the previous results of 
altered DNA methylation profiles. These results 
suggest that our data are reliable, despite certain 
limitations in this study. The sample populations 
were small, the pathway analyses were based on a 
limited number of genes, and the positive results 
were confirmed only by BSP of HLA-DRB1, although 
other genes and more detailed mechanistic studies 
are still worthy of further investigation. 

In summary, we have comprehensively 
characterized the genome-wide DNA methylation 
patterns occurring in KBD and identified a set of CpG 
sites, genes and pathways correlated with KBD. Our 
findings support the autoimmune disease and 
inflammatory disease hypothesis of KBD. We believe 
that the robust data presented here provide 
valuable information for better understanding the 
molecular mechanisms involved in the multistep 
development of KBD.  
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