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Abstract

Background: Kashin-Beck Disease (KBD) is a chronic degenerative osteoarthropathy with uncertain etiology. This study aims to identify variations 
in serum Amino Acids (AAs) between KBD adolescent and control adolescent and to investigate the pathogenesis of the KBD.

Method: Standard criteria for the diagnosis of KBD (WS/T207-2010) were used to screen adolescent affected by the disease. The study included 
31 KBD adolescent and 91 control subjects. The control group consisted of 50 external and 41 internal controls. The serum samples were obtained 
from the study population and analyzed using Ultra-Performance Liquid Chromatography Coupled with Quadrupole Time-of-Flight Tandem Mass 
Spectrometry (UPLC-QTOF-MS). Data were analyzed using the SPSS Statistics 23.0 software.

Results: Changes in the serum concentrations of 12 different AAs and their metabolites between the KBD adolescent and the control group were 
detected. Among them, the concentration of 5 AAs (Glutamic acid, Cholamine, Cysteine, Taurine and Asparaginic acid) and their metabolites was 
either significantly higher or significantly lower in the serum of KBD children as compared with the controls (p<0.05). The serum concentrations 
of Hydroxyproline, Isoleucine, and Tryptophan between internal and external controls were significantly different (p<0.05). The concentrations of 
Histidine, Threoine, Proline, and 5-hydroxytryptamine among the three groups were significantly different (p<0.05).

Conclusion: AAs metabolism changed during the onset of KBD. These findings provide clues into the molecular pathogenesis of KBD.
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Introduction 

Kashin Beck Disease (KBD) is a chronic degenerative osteo-
arthropathy characterized by chondrocyte necrosis, apoptosis, 
cartilage degeneration, and matrix degradation [1]. KBD not only 
displays pathologic alterations similar to those of Osteoarthritis 
(OA), but also shows cartilage damage-related features including 
excessive cell dedifferentiation, focal cell necrosis in the growth 
plate and articular cartilage, and significant alterations in chon-
drocyte phenotype [2]. KBD occurs mainly in childhood, affecting 
children between the ages of 5 to 13 years, and severely impairs  

 
their growth and development [3]. To better understand the patho 
genesis of KBD, it is critical to study this high-risk population. While 
the etiology of KBD remains unclear, three major environmental 
factors are associated with this disease: selenium deficiency, grain 
contamination by mycotoxin- producing fungi, and water contami-
nation by organic materials such as fulvic acid [4-6]. KBD is a mul-
tifactorial disease, whose etiology is linked to various risk factors. 
KBD not only causes lesions of chondrocytes and other cells, but 
also induces changes in gene and protein expression, as well as cell 
metabolism.
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Metabolomics is the comprehensive analysis of small mole-
cules in a biologic system [7]. Metabolomics has been employed 
to search for biomarkers and study the molecular mechanisms of 
diseases through the identification and quantification of metabol-
ic variations and analyzing pathways in biological systems [8]. A 
highly efficient system for metabolomics analysis is the ultra-per-
formance liquid chromatography coupled with quadrupole time-of-
flight tandem mass spectrometry (UPLC-QTOF-MS) that shows high 
sensitivity and high throughput and coverage of a wide chemical 
diversity [9]. UPLC-QTOF-MS technology can be applied to study 
metabolomics changes in KBD and, thus, provides insight into the 
pathogenesis of this condition. In a previous study, our team em-
ployed UPLC-QTOF-Ms to analyze the metabolic composition of the 
urine samples of rats exposed to T-2 toxin (a mycotoxin potential 
cause of KBD), and identified fives metabolites involved in fatty acid 
oxidation and amino acid metabolism [10]. Furthermore, in an in-
dependent investigation, we reported alteration of the Amino Acids 
(AAs) metabolism in rat model of Osteoarthritis (OA) [11]. Hence, 
the current study aims to explore AAs metabolism in the serum of 
KBD adolescent from the Xinghai and Hualong counties, the endem-
ic regions in Qinghai province, China. This investigation can lead 
to the discovery of new biomarkers and molecular insights of KBD.

Materials and Methods
Study Population 

Tangnaihai town in Xinghai county and Gandu town in Hua-
long county in Qinghai province were selected as the investigation 
regions in 2014. The study population included adolescent aged 
7-15 years without gender limitation, recruited from local prima-
ry schools. Based on the KBD diagnose criteria (WS/T207-2010), 
the study population received clinical examination, including X-ray 
analysis. According to the clinical reports, 31 adolescent showed 
positive changes in the X-ray and were diagnosed as KBD [11]. They 
constituted the case group for the study. Additional 41 adolescent 
without any change in the X-ray were included into the study as 
the internal control group. A final cohort, defined as external con-
trol group, included 50 adolescents recruited from the primary 
school in Qushian town in Xinghai county, a non-KBD region. Both 
geographic locations have similar economic level and living habits. 
Inclusion criteria included standard KBD diagnostic criteria (WS/T 
207-2010) such as changes in the X-ray of the right hand. However, 
the adolescent with a diagnosis of either other osteoarticular dis-
eases, joint lesions, chronic systemic disease, acute inflammatory 
disease, or arthritis treatment upon joint operation surgery were 
excluded from the case group. The adolescent in the internal and 
external control groups matched adolescent in the case group for 
age and gender, as well as economic level and living habits. More-
over, because during school period meals were supplied by the 
government, we excluded the interference of the variable diet in 
our analysis. All adolescent provided basic information, including 
name, gender, age and nationality. height and weight of the subjects 
was measured. 

Samples Collection and Metabolites Detection

Blood samples from the three study cohorts were collected 
and centrifuged to obtain serum, then stored at -80℃ until the me-
tabonomics analysis. UPLC-QTOF-MS was employed to measure 
the concentrations of the serum AAs. Briefly, 50µL of serum was 
treated for protein precipitation (including NVL), and centrifuged 
at 13200rpm for 4minutes. Of the supernatant 10µL was added to 
50µL standard buffer solution, then, mixed with 20µL derivative 
solution. After 15 minutes incubation at 55℃, the derivative pro-
cess was completed. Then, chromatography and Mass Spectrome-
try (MS) were performed using a column at a constant tempera-
ture of 50℃. MS analysis: the Waters Xevo G2 Q-TOF (Quatropde 
Time-of-Flight) Mass Spectrometer (Waters Corp.) was connected 
to the UPLC system via an Electrospray Ionization (ESI) interface. 
In this experiment, chromatographic separation was carried out on 
a MSLab-AA-C 18 column (150mm×4.6mm, 5μm). Analytes were 
eluted from the column with a gradient using water (A) and ace-
tonitrile (B) (containing 0.1% formic acid) as the mobile phase. 
Gradient elution was performed using a mixture solvent A (0.1% 
formic acid in purified water) and solvent B (0.1% formic acid in 
purified acetonitrile). The gradient used was as follows: solvent B 
was held at 10% for 5min, and solvent B was increased from 10% to 
95% over 10.1min, following solvent B was held at 95% by 15min, 
and then was shifted to 10% by 15. min. At last, solvent B was held 
constantly at 10% to 20min. The optimal conditions were as fol-
lows: 5.5kV capillary voltage, 500℃ desolation temperature.

Data Processing and Statistical Analysis

SPSS 23.0 software was used for the statistical analysis. Data 
showing a normal distribution and homogeneity were analyzed by 
one-way ANOVA, followed by pairwise comparisons with Least Sig-
nificance Difference (LSD-t). Data showing a non-normal distribu-
tion and heteroscedasticity were analyzed using the Kruskal Wallis 
H test, followed by pairwise comparisons with Nemenyi test. The 
data with a normal distribution were expressed as mean ± standard 
deviation, While the data with a non-normal distribution were ex-
pressed as median and inter-quartile range.

Results
The demographics of the KBD adolescent and controls are 

shown in Table 1, and included in gender composition, age, height 
and weight. Because of the small sample size, especially for the KBD 
adolescent, the cohort included several KBD cases with a diagnosis 
of epiphysis lesion, at the age of 15 and 16 years. Therefore, the 
range for age in this group appears larger than that in other groups. 
As a special osteoarthritis, the difference has nothing effect on 
KBD. Thus, the above parts were non-normal distribution and ex-
isted statistical significance. Using the UPLC-QTOF-MS technology, 
a total of 50 AAs and their metabolites was detected (Supplemen-
tary material). Of those, 12 AAs and their metabolites were iden-
tified as significantly different between the study cohorts (Tables 
2, 3, Figure 1). These included Histidine (His), Glutamic acid (Glu), 
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Tryptophan (Trp), Cysteine (Cys), Cholamine (Etn), Taurine (Tau), 
Threonine (Thr), Aspartic acid (ASP), Proline (Pro), Isoleucine (Ile), 

Hydroxyproline (Hyp) and 5-hydroxytryptamine (5-HT).

 

Table 1: General conditions of study children (Median, Inter-quartile range).

Groups External control group Internal control group Case group P value

Gender composition (male 
/female) 25/25 24/17 14/17 0.508

Age(year) 10.0 (8.0, 10.0) 11.0 (10.0, 12.0) 12.0 (10.0, 13.0) < 0.001

Height(cm) 129.5 (122.2, 135.0) 136.0 (129.0, 140.0) 137.0 (132.5, 154.5) < 0.001

Weight (kg) 26.0 (23.0, 29.0) 30.5 (26.0, 35.0) 32.0 (25.5, 39.5) 0.001

Table 2: Serum levels of differential amino acids among three groups of children (normal distribution).

Amino acid
Content (Mean ± Standard deviation)

Ptotal PAB PAC PBCExternal con-
trol group(A)

Internal con-
trol group(B) Case group(C)

Histidine (His) 69.20 ± 9.98 62.18 ±7.57 62.88±10.38 0.041 0.022 0.038 0.815

Glutamic acid 
(Glu) 59.24 ± 11.08 80.88 ±12.98 53.63±14.48 < 0.001 < 0.001 0.175 < 0.001 

Tryptophan 
(Trp) 43.30 ± 10.79 36.00 ±5.24 39.35±6.42 0.018 0.005 0.117 0.184

Cholamin (Etn) 9.07 ±1.97 10.48 ±1.30 8.38±0.90 < 0.001 0.003 0.14 < 0.001 

Cysteine (Cys) 14.17 ±4.12 12.43 ±3.11 18.86±8.59 0.015 0.785 0.242 0.012

Taurine (Tau) 110.88 ±34.06 135.95 ±21.12 83.30±30.52 < 0.001 0.065 0.054 < 0.001

Table 3: Serum levels of differential amino acids among three groups of children and its statistic analyzing (non-normal distribution).

Amino acid
Content (Median, Inter- quartile range)

Ptotal PAB PAC PBCExternal control 
group(A)

Internal control 
group(B) Case group(C)

Threoine (Thr) 74.30(61.53，82.85) 76.45(69.48,80.40) 84.50(72.63,90.65) 0.036 1 0.04 0.185

Asparaginic acid 
(ASP) 23.80(21.00, 30.05) 31.75(27.78,35.70) 19.75(15.73,22.83) < 0.001 0.01 0.105 < 0.001

Proline (Pro) 165.50(141.00, 
219.00) 141.50(125.25,158.75) 186.0(138.75,207.75) 0.022 0.114 1 0.026

Isoleucine(Iie) 56.45(52.38,64.40) 47.10(41.25,48.50) 51.75(46.65,56.38) 0.001 0.001 0.336 0.102

Hydroxypro-
line(Hyp) 8.00(6.90, 13.25) 6.36(5.57 ,7.74) 6.81(5.62,8.74) 0.014 0.012 0.172 0.985

5-hydroxy-
tryptamine 

(5-HT)
0.99(0.90, 1.29) 0.91(0.81, 1.05) 1.05(0.94,1.17) 0.014 0.053 1 0.025
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Figure 1: Serum levels of differential amino acids among three groups of children.

A.	 Normal distribution 

B.	 Non normal distribution

Discussion 
AAs metabolism is associated with many diseases [10]. Under 

normal physiological conditions, the concentration of AAs and their 
metabolites are maintained at stable levels [11]. Thus, it is critical to 
detect any change of these molecules to predict disease insurgence 
and course [12]. Change in AAs can also affect body growth and de-
velopment. KBD is indeed linked several metabolic alterations in 
the body [13]. The detection of changes in AAs and/or their me-
tabolites might be a useful biomarker for disease diagnosis such as 
KBD. Research has shown that the establishment and development 
of OA are associated with inflammation and alterations in AAs me-
tabolism and profiles [14]. In this study, we determined the serum 

AAs of KBD adolescent employing UPLC/Q-TOF-MS technology, and 
found 12 different AAs and their metabolites, including His, Glu, Trp, 
Cys, Etn, Tau, Thr, ASP, Pro, Ile, Hyp, 5-HT. Among them, the concen-
tration of 5 AAs and their metabolites (Glu, Etn, Cys, Tau and ASP) 
was either significantly higher or significantly lower in the serum of 
KBD children as compared with the controls (p<0.05). The serum 
concentrations of Hyp, Ile, and Trp between internal and external 
controls were significantly different (p<0.05). The concentrations 
of His, Thr, Proline, and 5-HT among the three groups were signifi-
cantly different (p<0.05). These AAs and their metabolites were 
involved in several biological processes including aminoacyl-tRNA 
biosynthesis, histidine, arginine and proline metabolism, alanine, 
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aspartate and glutamate metabolism, glycine, serine and threonine 
metabolism. ASP is a key driver of AA metabolism and energy me-
tabolism. Glu is involved in histidine, arginine and proline metab-
olism, alanine, aspartate and glutamate metabolism. His, Cys, Thr, 
and Pro are also involved in AA metabolism. These processes link 
amino acid metabolism with carbohydrate metabolism through the 
exchange of sugar [6]. What’s more, some final metabolites have the 
potential function of the biomarkers of KBD. 

While the etiology of KBD remains elusive, three major envi-
ronmental factors have been identified as being associated with 
this disease: selenium deficiency, grain contamination by mycotox-
in-producing fungi, and water contamination by organic materials 
such as fulvic acid [15]. The main pathophysiological changes of 
KBD include chondrocyte necrosis, ageing and dedifferentiation, 
type II collagen degradation and loss of proteoglycans [16]. Glu and 
Cys are involved in synthesis of GSH. GSH, belonging to selenopro-
teins, plays a very important role in the pathogenesis of KBD [17]. 
Decreased selenoproteins could result in apoptosis and necrosis 
of chondrocytes, which played a crucial role in the pathogenesis 
of KBD [18]. Mycotoxin contamination (e.g., T-2 toxin) of locally 
produced cereals may increase the levels of reactive oxygen spe-
cies and free radicals in the body, which may damage chondrocytes, 
disturb the extracellular matrix and induce excessive apoptosis 
and necrosis of chondrocytes in KBD patients [18]. Etn indicated 
the abnormality of lipid metabolism and oxidative stress [19]. Trp 
plays an important role in regulating the autoimmune [20]. 5-HT, 
a neurotransmitter, was formed by Trp [21]. Ile might also be ef-
fective to attenuate the progression of OA by inhibiting NO synthe-
sis [22]. His can be converted to intermediates of the Tricarboxylic 
Acid (TCA) cycle. His, as well as their relevant metabolic pathways, 
might undergo pathological alterations during the development of 
OA [23]. Thr is reported to regulate epithelial cell migration and 
proliferation, cell differentiation, restoration of epithelial barrier 
functions, modulation of cell apoptosis and proteoglycan synthesis 
[24]. Moreover, Tau, a sulfur-containing AA, exists in the body in 
free form and, while not directly involved in protein synthesis, it 
regulates the metabolism of AAs. Taurine plays an important role in 
bone metabolism, can promotes the production of osteoblasts [25] 
and inhibits the formation of osteoclasts [26]. Tau could promote 
chondrocyte proliferation, maintain its phenotype, and increase the 
expression of type II collagen [27]. Knee OA cartilage is character-
ized by a decrease in Asp-RR, possibly due to increase in collagen 
type II synthesis [28]. Pro are the main components of type II colla-
gen in cartilage. The increase of Pro suggested that type II collagen 
could have been partly broken down [29], which might aggravate 
cartilage degeneration.

Because of the low number of KBD cases, one of the limitations 
of this study is the small sample size. Nevertheless, this investi-
gation provided new clues into the KBD pathogenesis. Biological 
relevance of these AAs on KBD developing and occurrence were 
unclear. Many genes encoding enzymes involved AAs metabolism 
were up-regulated during the KBD development. Further research 
is needed to probe the AAs changes in KBD using large size and 

investigating the effect on the metabolic pathways linked to these 
AAs. In summary, among the 50 AAs detected using UPLC-QTOF-
MS, 12 different AAs and their metabolites were found difference 
in serum of KBD adolescent. These AAs changes provide a new clue 
for KBD pathogenesis.
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