Biomed Environ Sci, 2025; 38(9): 1173-1177

Letter

Analysis of Serum Metabolic Biomarkers in Adult

Patients with Kashin—-Beck Disease and

\ A

Biomedical and
— .

Environmental Sciences

China CDC

Degenerative Osteoarthritis in Qinghai Province

Jiale Xu"¥, Qiang Li**, Chuan Lu"¥, Xin Zhou’, Yanmei Zhao’, J ianling Wangz, Jiquan Li%,
Li Maz, Zhijun Zhaoz’#, and Kewen Li""

Kashin-Beck disease (KBD) is a regionally
endemic chronic osteoarthropathy, while
osteoarthritis (OA) is a degenerative joint disease
characterized by progressive articular cartilage
degradation and extracellular matrix remodeling.
Although KBD and OA share overlapping clinical and
pathological features, key differences exist in their
etiology and disease progression. KBD preferentially
affects children aged 3-12 vyears, whereas OA
predominantly affects older individuals between the
age of 40-60 years. KBD cartilage necrosis originates
in the deep layers of the epiphyseal plate and
articular cartilage, progressing toward the cartilage
surface. In contrast, OA cartilage destruction initiates
at the articular cartilage surface and gradually
progresses to expose the subchondral bone™?.

Cytokines (CK) are small-protein molecules that
plays a key role in the pathogenesis and
development of OA. Biomarkers (BMs), which reflect
metabolic changes in articular cartilage, synovium,
and bone, are potential indicators for early
diagnosis, disease monitoring, prognosis assessment,
and drug efficacy evaluation in OA”?. These
inflammatory CKs and BMs also exhibit significantly
altered levels in the joint synovium, articular
cartilage, serum, or urine of patients with KBD.

Histological and morphological changes in KBD
articular cartilage differ from those observed in OA

cartilage, including significant alterations in
chondrocyte phenotype, chondrocyte necrosis/
apoptosis, and aberrant terminal chondrocyte

differentiation”. Therefore, this study aimed to

compare the serum concentrations of interleukin-1 8
(IL-1B), tumor necrosis factor-a (TNF-a), hyaluronic
acid (HA), cartilage oligomeric matrix protein
(COMP), carboxyl-terminal peptide of type Il collagen
(CTX-ll), and type IIA procollagen amino-terminal
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peptide (PIIANP) in adult patients with KBD and OA
in Qinghai, and to elucidate the molecular
mechanisms underlying cartilage injury in KBD and
OA.

The study was conducted in compliance with the
ethical principles outlined in the Declaration of
Helsinki and approved by the Ethics committee of
the Qinghai Institute for Endemic Disease Prevention
and Control (2024-007). A total of 63 patients
diagnosed with knee osteoarthritis (KOA) and
treated as outpatients and inpatients at the
Affiliated Hospital of Qinghai university in 2020 were
selected as the OA group. The KBD group included
67 adult patients with KBD from Qinghai Province
recruited in October 2019. The control group
consisted of 53 patients from the physical
examination center of Qinghai University Affiliated
Hospital.

All participants were aged 40-70 years. Patients
with KOA met the KOA diagnostic criteria of the KOA
as specified in the 2021 guidelines of the
Osteoarthritis  Research  Society International
(OARSI). KBD diagnosis followed the Diagnostic
Criteria for Kashin-Beck Disease (WS/T 207-2010).
The control group consisted of individuals without
no history of KBD or OA and free of chronic
infectious diseases, metabolic diseases, connective
tissue disease, tumor or cancer, joint infections,
endocrine diseases, abnormal liver and kidney
function. Sample size calculations were based on
previous studies, with power analysis (a = 0.05, B =
0.20) indicating sufficient statistical power (80%) to
detect intergroup differences. Participants were
stratified by age (40-70 years) and disease severity
(KBD: Grade I/Il; OA: end-stage requiring joint
replacement).

Three milliliters of venous blood were collected
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from each participant. Serum concentrations of IL-
18, TNF-a, HA, COMP, CTX-ll, and PIIANP were
measured using enzyme linked immunosorbent
assay (ELISA) kits provided by Beijing AIR-HX
biological technology Co., Ltd., following the
manufacturer’s instructions. Categorical data were
expressed as composition ratios and compared using
chi-squared (x°) test. Continuous variables were
expressed as mean * standard deviation for normally
distributed data and analyzed using one-way analysis
of variance (ANOVA) for intergroup comparisons and
the SNK-q test for pairwise comparisons. Non-
normally distributed continuous data were
presented as median (interquartile range [IQR]) and
analyzed using the Kruskal-Wallis H test, with
pairwise comparisons via the Nemenyi method. A
significance level of a = 0.05 was adopted.

As illustrated in Table 1, the mean ages and BMI
in the OA group were (59.43 + 7.03) years and (24.62
+ 2.55) kg/m’, respectively; in the KBD group, (56.46
+ 8.19) years and (24.01 * 4.79) kg/m’; and in the
control group, (56.12 * 9.31) years and (24.34 *
3.72) kg/m’. There were no statistically significant
differences in age, gender, or BMI among the three
groups ({’gender = 0.291, P = 0.864; F g, = 3.305, P =
0.0501; Fgy, = 0.444, P = 0.642).

As shown in Table 2 and Figure 1, the average
serum concentrations of IL-13, HA, and PIIANP in the
OA group were (78.07 + 15.21) pg/mL, (142.62 *
52.55) ng/mL, and (366.10 + 59.31) ng/mL,
respectively. In the KBD group, IL-1B, HA, and PIIANP
levels were (86.37 + 28.06) pg/mL, (186.64 +
58.89) ng/mL, and (381.25 * 179.75) ng/mL,
respectively. In the control group, corresponding
levels were (64.30 + 25.93) pg/mlL, (166.07 +
36.72) ng/mL, and (355.57 * 60.62) ng/mL,
respectively. There were statistical differences in
serum IL-18 and HA among the groups (F.g =
12.992, P < 0.001; Fys = 12.803, P < 0.001), but no
significant difference in serum PIIANP levels (Fpjanp =

0.942, P=0.391).

As shown in Table 3 and Figure 1, the median
serum levels of TNF-a, COMP, and CTX-Il in the OA
group were 81.86 pg/mL, 18.56 U/mL, and 1319.08
pg/mL, respectively. The KBD group showed TNF-a,
COMP, and CTX-Il levels of 29.80 pg/mL, 44.43 U/mL,
and 715.23 pg/mL, respectively, the control group
had levels of 24.42 pg/mL, 25.23 U/mL, and
519.37 pg/mL, respectively. Significant intergroup
differences were observed for all three markers
(Hyne-o = 104.464, Heopp = 75.366, Heryy = 117.519,
all P<0.001).

Accurately distinguish the two diseases using
medical history, clinical symptoms, physical
examination, and other conventional methods
remains challenging. The pathogenesis of both OA
and KBD involves progressive cartilage degradation,
though their underlying mechanisms of cartilage
injury differ significantly. Inflammatory CKs and BMs
are produced during this degenerative process.

CKs are important mediators of the imbalance
between articular cartilage synthesis and
catabolism. IL-1B, a pro-inflammatory CK, s
significantly elevated in the joint cavity of patients
with OA than that in the control group, and
correlates  positively with the severity of
inflammation™.  TNF-a  induces chondrocyte
apoptosis and matrix degradation, forming a vicious
cycle that accelerates OA progression. IL-1B and
TNF-a levels in the joint synovial fluid, serum, or
cartilage of both patients with KBD and OA were
elevated compared with the control group, though
difference between KBD and OA groups were not
statistically significant. In this study, serum
concentrations of IL-1B and TNF-a in the KBD and OA
groups were significantly elevated compared with
the control group, indicating their critical roles in the
pathogenesis of articular cartilage injury. However,
serum concentrations of IL-1B in the KBD group
were higher than that in the OA group, whereas

Table 1. Comparison of general data among three groups

Gender (n)
Groups n Age (year), mean + SD BMI (kg/m?), mean + SD
Male Female
OA 63 32 31 59.43+7.03 24.62 £ 2.55
KBD 67 31 36 56.46 £ 8.19 24.01+4.79
Control 53 25 28 56.12 £9.31 24.34 £3.72
F/)(2 0.291 2.875 0.444
P 0.864 0.065 0.642

Note. BMI, body mass index; KBD, Kashin-Beck disease; OA, osteoarthritis; SD, standard deviation.
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Table 2. Comparison of Serum IL-1B, HA and PIIANP levels among three groups

Groups IL-1B (pg/mL), mean * SD HA (ng/mL), mean + SD PIIANP (ng/mL), mean + SD
0A 78.07 £ 15.21% 142,62 +52.55® 366.10 + 59.31
KBD 86.37 + 28.06° 186.64 + 58.89° 381.25+179.75
Control 64.30 £ 25.93 166.07 £36.72 355.57 £ 60.62
F 12.992 12.803 0.942
P 0.000 0.000 0.391

Note. Compared to control group, °P < 0.05; compared to the KBD group, ®P < 0.05; KBD, Kashin-Beck
disease; OA, osteoarthritis; HA, hyaluronic acid; PIIANP, procollagen amino-terminal peptide; IL-1p, interleukin-

1B.
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Figure 1. Comparsion of serum biomarkees among three groups. KBD, Kashin-Beck disease; OA,
osteoarthritis; HA, hyaluronic acid; PIANP, procollagen amino-terminal peptide; COMP, cartilage
oligomeric matrix protein; CTX-Il, carboxyl-terminal peptide of type Il collagen; IL-1B, interleukin-1B; TNF-
a, tumor necrosis factor-a.

Table 3. Comparison of serum TNF-a, COMP and CTX-II levels among three groups

Biomarkers Groups Median Range Pys Pys H P
OA 81.86% 54.20-116.74 75.16 89.33
TNFa KBD 29.80° 12.27-396.78 21.87 34.97 104.464 <0.001
(pg/mL)
Control 24.42 4.45-48.83 14.18 31.15
OA 18.56™ 7.13-34.31 17.15 20.20
COMP a
KBD 44.43 10.55-119.90 34.16 69.24 75.366 <0.001
(w/ml)
Control 25.23 14.13-87.79 19.21 55.54
OA 1319.08%° 653.73-3158.23 1221.26 1378.72
CTX-II a
KBD 715.23 72.25-1594.85 582.35 916.25 117.519 <0.001
(pg/mL)
Control 519.37 109.72-1689.05 222.57 714.25

Note. Compared to control group, °P < 0.05; compared to the KBD group, °p < 0.05; KBD, Kashin-Beck
disease; OA, osteoarthritis; HA, hyaluronic acid; PIIANP, procollagen amino-terminal peptide; COMP, cartilage
oligomeric matrix protein; CTX-Il, carboxyl-terminal peptide of type Il collagen.
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serum concentrations of TNF-a in the KBD group
were lower than that in the OA group. Because
patients with OA in this trial were scheduled for joint
replacement surgery, representing end-stage
disease with severe symptoms, whereas patients
with KBD were primarily in milder manifestations.
Consequently, the joint inflammatory response in
KBD was relatively attenuated compared with OA,
contributing to lower serum TNF-a levels.
Additionally, in advanced OA, reduced proteoglycan
content in articular cartilage might affect the
degradation of ADAMTS-4 and ADAMTS-5, with
relatively high levels of these enzymes potentially
inhibiting IL-1B secretion™®. The observed lower
serum IL-1B levels in patients with OA compared
with that in patients with KBD might reflect disease-
stage heterogeneity. Further mechanistic studies are
warranted to explore whether advanced OA
cartilage degradation modulates IL-1B expression
through pathways involving ADAMTS-4/5 or other
catabolic enzymes.

HA is an important component of proteoglycan
in the extracellular matrix (ECM). COMP is an
important non-collagen glycoprotein in the ECM of
articular  cartilage.  Previous  studies have
demonstrated elevated serum concentrations of HA
in both patients with OA and KBD compared with
the control group[7‘8], and serum COMP
concentrations in the KBD group were significantly
higher than those in the control and OA groups. In
this study, serum HA and COMP in the KBD group
remained significantly higher than those in the
control and OA groups, meanwhile, serum HA and
COMP in OA group were lower than those in the
control group. Contrary to previous reports of
elevated HA in OA” our study found lower HA
levels in patients with OA compared to controls.
This discrepancy might stem from differences in
disease stages. OA cohort represented end-stage
cases with severe proteoglycan loss, potentially
reducing HA synthesis capacity.

CTX-ll, a carboxyl-terminal peptide, represents a
major degradation product of type Il collagen. Serum
CTX-1l in patients with KOA are significantly elevated
compared with the control group and correlates with
cartilage damage severity. Serum CTX-ll in patients
with KBD are also elevated compared with the
control group[gl. The results of this study
demonstrated that serum CTX-ll levels in both
patients with OA and KBD were elevated compared
with the control group. Notably, serum CTX-Il levels
in the OA group were significantly higher than those
in the KBD group.

PIIANP is a specific BM for type Il collagen
synthesis. Serum PIIANP concentrations in patients
with OA have been reported to be significantly lower
than those in the control group and to be negatively
correlated with knee joint K-L grade, indicating
reduced type Il collagen synthesis in OA" . Likewise,
serum PIIANP levels in patients with KBD have been
shown to be lower than those in controls, indicating
reduced synthetic capacity for type Il collagen. In this
study, serum PIANP concentrations followed the
order KBD group > OA group > control group without
statistical differences.

The pathogenesis of KBD and OA remains
incompletely understood. By comparing these
inflammatory CKs and metabolic BMs, the distinct
characteristics of cartilage damage in KBD and OA
could be further elucidated. This study provided a
theoretical basis for differential diagnosis. In this
study, patients with OA scheduled for artificial joint
replacement represented end-stage disease,
whereas the KBD cohort comprised primarily grade
I/Il cases. Additionally, the relatively limited sample
size highlights the need for future studies involving
larger cohorts, optimized protocols, and more in-
depth mechanistic investigations.

In summary, these findings demonstrated
distinct inflammatory and cartilage metabolic
profiles changes in patients with KBD and OA. Both
conditions are characterized by elevated serum IL-
1B, TNF-a, and CTX-Il levels, indicating shared
inflammatory responses and type |l collagen
degradation. However, patients with KBD uniquely
exhibited upregulated HA and COMP levels, whereas
patients with OA displayed reduced levels of these
proteoglycans/glycoproteins, reflecting divergent
ECM remodeling patterns. The distinct serum
profiles of IL-1B, HA, COMP, TNF-a, and CTX-Il
between patients with KBD and OA highlighted their
potential as candidate BMs for further investigation.
Although no statistically significant differences were
observed in serum PIIANP levels between the
groups, its role in differential diagnosis warrants
further exploration. For clinical application, these
BMs must be rigorously validated for diagnostic
accuracy (e.g., receiver operating characteristic
curve analysis, sensitivity/specificity) in future
studies. These findings provide a foundation for
understanding the divergent pathophysiological
mechanisms underlying KBD and OA.
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