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Abstract Kashin-Beck disease (KBD), a particular type
of osteoarthritis (OA), and an endemic disease with artic-
ular cartilage damage and chondrocytes apoptosis, can
affect many joints, and the most commonly affected joints
are the knee, ankle, and hand. KBD has traditionally been
classified as a non-inflammatory OA. However, recent
studies have shown that inflammation has played an
important role in the development of KBD. Nowadays,
clinical KBD is not only an endemic disease, but also a
combined result of many other non-endemic factors, which
contains age, altered biomechanics, joint trauma and sec-
ondary OA. The characteristics of the developmental joint
failure of advanced KBD, because of the biochemical and
mechanical processes, are tightly linked with the interac-
tion of joint damage and its immune response, as well as
the subsequent state of chronic inflammation leading to
KBD progression. In this review, we focus on the epi-
demiology, pathology, imaging, cytokines and transduction
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pathways investigating the association of inflammation
with KBD; meanwhile, a wide range of data will be dis-
cussed to elicit our current hypotheses considering the role

of inflammation and immune activation in KBD
development.
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ECM Extracellular matrix

EFNALI Ephrin-A1l

FGF Fibroblast growth factor

IGF Insulin-like growth factor

IL Interleukin

INK c-Jun N-terminal kinase

KBD Kashin-Beck disease

LEF Lethal factor

MAPK Mitogen-activated protein kinase
MMP Matrix metalloproteinase

NO Nitric oxide

NOS Nitric oxide synthase

NSAID Nonsteroidal anti-inflammatory drugs
OA Osteoarthritis

PAMPs Pathogen associated molecular patterns
PIM2 Pim-2 proto-oncogene

PTHrP Parathyroid hormone-related peptide
PTN Pleiotrophin

RA Rheumatoid arthritis

SMAD9 SMAD family member 9

STK11 Serine/threonine kinase 11

TGF-B Transforming growth factor 8
TIMP Metallopeptidase inhibitor

TNF-a Tumor necrosis factor o

VEGF Vascular endothelial growth factor
Introduction

Kashin-Beck disease (KBD), known as an endemic disease,
mainly occurs in the regions from Northeast China to
Sichuan-Tibet Plateau, Russia and North Korea. Unlike
other bone and joint diseases, for example, rheumatoid
arthritis (RA), osteoarthritis (OA), reactive arthritis, and
even septic arthritis, KBD showed obvious geographical
features [1]. The characteristics of KBD are articular car-
tilage damage and chondrocytes apoptosis. KBD can affect
many joints, and the most commonly affected joints are the
knee, ankle, and hand [1, 2]. Early investigations of KBD
etiology and pathogenesis mainly focused on the effects of
the endemic factors, such as selenium deficiency, cereal
contamination by mycotoxin, and high humic acid levels in
drinking water [2].

The investigation of KBD as a non-inflammatory dis-
ease is a consequence of the long-term epidemiologic study
of KBD. However, 20 years ago, the synovial inflamma-
tion in KBD patients was observed [3]. Subsequently, the
inflammatory cytokines in articular synovial fluid [4-6]
and serum [7-10] from KBD patients were investigated.
Given greater appreciation for inflammatory response in
patients with KBD, inflammation has been highly empha-
sized in the study of KBD progression recently. This is not
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to suggest that KBD pathogenesis is a result of inflam-
mation, but rather that the inflammation maybe a secondary
process initiated by immune activation following cartilage
damage, which ultimately leads to a state of chronic joint
inflammation that drives progression toward the phenotype
recognized as clinical KBD.

For the prevention or treatment of KBD, sodium selenite
[11, 12], pain killers and anti-inflammatory drugs [13],
vitamins [14], hyaluronic acid [15], chondroitin sulfate and
glucosamine [16] have been used. Thanks to these mea-
sures, KBD in children is under control and has almost
disappeared today. However, KBD in adults is still a
serious problem because of its high incidence in China
during the last century. Due to the poor self-renewal ability
of cartilage, tissue engineering and gene therapy have not
been applied to the treatment of cartilage damages in KBD
patients; meanwhile no effective clinical measures were
carried out to repair the cartilage damages or defects of
KBD at present. Considering the high disability and eco-
nomic burdens among the patients with KBD in endemic
regions, increased understanding of the inflammation
function, which leads to the progression of KBD could
enable development of targeted therapies.

Review

Understanding clinical KBD as an inflammatory
disease

KBD, occurred in endemic regions and induced by ende-
mic environmental factors, is long-term considered as an
endemic disease, thus, it’s not easy to consider that KBD is
also an inflammatory disease. Whereas, the clinical KBD, a
combination of chondrocytes apoptosis, cartilage damage,
aging, and immune response, is quite similar to clinical OA
in which inflammation plays a driving role in its progres-
sion [17]. Hence it can be estimated that inflammation
occurs in clinical KBD too. We should recognize that
inflammation is not exclusive to RA and other classical
inflammatory disease. Some early studies in KBD with the
comparisons of RA and OA tissues, observed dramatically
increased levels of inflammatory cytokines and proteins in
KBD tissues [4, 18-21]. Although the inflammatory
expression was largely overshadowed by more pronounced
histological and biochemical abnormalities in RA and OA,
elevated levels of inflammatory cytokines and proteins in
both the serum and synovial fluid of patients with KBD
were reported early this century [4—10]; from then on, more
and more reports data of the inflammatory studies on KBD
were provided. Unfortunately, because of the common use
of RA and OA tissues and fluids as comparators in KBD
investigations, the inflammatory effect of KBD has been
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underestimated. Actually, the KBD tissues and fluids, when
compared with normal tissues or fluids, are highly enriched
with inflammatory cytokines [5-10, 22, 23]. Therefore, it
should be noticed that inflammation occurs in KBD.

Cartilage damage

KBD predominantly affects children from 3 to 12 years
old, resulting in chondrocyte growth stagnation, degener-
ation and necrosis, dissolve and disappear [24]. As a result,
the growth and developmental disorders of cartilage and
bone, joint enlargement, joint space narrowing, pain and
impaired joint mobility could be observed in adult KBD
(Fig. 1). Even more serious, the phenomena of early clo-
sure of metaphyseal, ossification disorders and
developmental arrest of tubular bone in length diameter,
which are observed in KBD children, can eventually lead
to short stature and permanent disability (short fingers,
extremity disability) of KBD-affected adults [25].

The distinction of KBD from OA or other bone and joint
diseases is the damage of epiphyseal cartilage and hyaline
cartilage. Although the lesion of hyaline cartilage is crucial

in KBD diagnosis based on X-ray detection, the change is
not specific but quite similar to the pathological changes of
OA. Therefore, the damage of epiphyseal plate cartilage is
the most important characteristic in the diagnosis of KBD
[25]. Besides, chondrocyte dedifferentiation, deep zone
chondronecrotic changes and abnormal type-X collagen,
TGF-B, PTHrP, bFGF and VEGF staining patterns have
been noticed in KBD cartilage [26].

Extracellular matrix degradation

Degradation of extracellular matrix (ECM) is detected at
sites of inflammation in the joints of KBD patients.
Decreased content of proteoglycans is observed in the deep
zone of cartilage, particularly in the necrotic areas [27],
which means that the proteoglycan metabolism is affected
in KBD. Aggrecanase-generated epitopes in KBD cartilage
are present [28]. The percentages of chondrocytes staining
for MMP-1/-13 and MMP-generated DIPEN neoepitope,
aggrecanase-generated ITEGE neoepitope in aggrecan in
KBD children were significantly higher than those in
control. The percentage of chondrocytes staining for the

Fig. 1 Characteristics of KBD patients. a Deformed joints in two
knees and b flexion of the terminal finger joints or deformed fingers of
grade III KBD adult (male, 58 years age). Radiographic findings in
the right knee and right hand of a patient with grade II KBD (female,

60 years age). ¢ Obvious joint space narrowing and loosened bodies
in knee and d wrist joint crowded and space narrowing, phalanx
thickening and osteophyte formation
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TIMP-2 was significantly higher in the superficial and
middle zones of KBD samples than that in control; how-
ever, the TIMP-1 was significantly lower than that in
control [29].

ECM degradation products might promote inflammation
and cartilage loss. It was observed that cartilage damage
occurred by loss of proteoglycans when the fragments,
derived from the breakdown of fibronectin were injected
into knees of adolescent rabbits [30]. It was also noticed
that the proinflammatory cytokines, such as, tumor necrosis
factor o (TNF-o) and interleukin-1B (IL-1B), as well as
matrix metalloproteinases (MMP-1/-3) mediators known to
be implicated in chondrolysis, could be induced by the
production of fibronectin fragments [31]. Based on the
observations above, we propose a hypothesis for the KBD
progress: ECM breakdown by cartilage damage results in
the production of fragments, cytokines and molecules,
which could initiate local inflammatory responses leading
to further chondrolysis and release of additional ECM
breakdown products. Notably, e.g., chondroitin sulfate,
glucosamine and hyaluronic acid, known as additional
ECM breakdown products, have been implied as DAMPs
in mediating joint damage of KBD.

Synovial inflammation

The synovial inflammation attracted more attention in OA
than it did in KBD. As reported in OA, although the syn-
ovium is notable lack of inflammatory cells, hyperplasia of
the synovial lining cells in OA is often observed with an
infiltration of inflammatory cells consisting primarily of
macrophages, T and B cells [32], mast cells [33] and nat-
ural killer cells [34]. One study with the comparison of
early and late OA by Benito and his colleagues demon-
strated that the overexpression of inflammatory mediators

Table 1 Inflammation-related mediators in KBD

and increased mononuclear cell infiltration were present in
early disease [35]. In addition, synovial inflammation was
present in 43 % of OA patients who were undergoing
arthroscopic meniscectomy to repair traumatic meniscal
injury and was associated with worse preoperative pain and
function scores [36].

It is high time that we should pay more attention to the
formation of synovitis in KBD and study its influence on
KBD progression. Even though synovium is not the only
tissue involved in KBD-related inflammation, it is a major
site of inflammatory change. Despite the thickness of
synovium is an about two to three cell layer with notable
lack of inflammatory cells, synovial inflammation in KBD
patients may precede cartilage structural change as well. In
1992, synovitis in KBD was first reported by Zhu and his
colleague [3]. Later studies were focused on the expression
of inflammatory cytokines in synovium and demonstrated
significant synovial inflammation in KBD [4, 21], which
suggested that interventions targeting synovial inflamma-
tory processes might be efficacious for the treatment of
KBD.

Inflammatory mediators involved in KBD

Soluble inflammatory factors such as cytokines are central
to most inflammatory processes, and several cytokines
have been implicated in KBD (Table 1). One previous
study showed a significantly higher expression of IL-6 in
the serum of KBD and OA patients than in the healthy
adults, meanwhile, there was no significant difference on
IL-6 level between KBD and OA patients [10]. Investiga-
tion from Cui and his colleagues identified higher levels of
TNF-o and IL-1f in serum of patients with KBD than that
in healthy control [9]. Similarly, study by Sun and his
colleagues showed the expressions levels of IL-1B and

Plasma Synovial fluid Serum Synovium Cartilage
Cytokines  Cytokines Cytokines Cytokines Cytokines
TNF-o [18] IL-1P and TNF-a [4] IL-1B and TNF-a IL-1B and TNF-o [4] IL-6, IL-1B and TNF-o [37]
Other IL-1 and TNF [5, 6] [9, 10, 28] Growth factors Growth factors
NO [18] IL-6 [10] IGF-1 [21] PTHrP, TGF-pB, bFGF and VEGF [26]
TNF, IL-1B and IL-6 [23] Proteolytic enzymes Proteolytic enzymes
Proteolytic enzymes MMP-13 [21] MMP-1, MMP-13, TIMP-1 and TIMP-2 [29]

MMP-1 [28]
Other
NO, NOS and sFas/Apo-1 [7]

Other
Bcl-2, Bax, Fas and iNOS [38]

IL interleukin, TNF-o tumor necrosis factor o, TGF-f transforming growth factor B, VEGF vascular endothelial growth factor, FGF fibroblast
growth factor, PTHrP parathyroid hormone-related peptide, /GF insulin-like growth factor, MMP matrix metalloproteinase, T/MP metal-

lopeptidase inhibitor, NO nitric oxide, NOS nitric oxide synthase

@ Springer



Role of inflammation in the process of clinical Kashin-Beck disease: latest findings and... 857

TNF-o in the synovium and synovial fluid were signifi-
cantly higher in patients with KBD and OA than in patients
with meniscus injury [4]. Another study performed by
Tong and Yang demonstrated that elevated levels of TNF
and IL-1 were found in synovial fluid of KBD compared
with healthy control [5]. Furthermore, significantly higher
serum levels of IL-1P, TNF-a, cartilage oligomeric matrix
protein (COMP), and type II collagen (CTX-II) were
observed in the KBD and OA group than those in the
healthy adult group; there were no significant differences
on the levels of IL-1B and TNF-a in the KBD and OA
groups [8]. Moreover, the staining for IL-6, IL-1B and
TNF-o were elevated in articular cartilage from phalanges
of hands of KBD children than that from normal children
[37]. Besides, excessive apoptosis and abnormal expression
of apoptosis regulating factors which might interacted with
inflammation response, such as Bcl-2, Bax, Fas and indu-
cible NO synthase (iNOS) were observed in KBD cartilage
[38]. The results were consistent with the increased serum
levels of NO and iNOS in KBD patients [7].

In a rat model of KBD, the serum levels of IL-6 were
significantly elevated in rats fed with selenium-deficient,
T-2 toxin, and T-2 toxin plus selenium-deficient diets in
contrast to those with the normal diet, while the serum
levels of IL-1B and TNF-o were significantly increased
only in the rats group fed with T-2 toxin plus selenium-
deficient diet [37]. In another rat model, the levels of IL-
1B, IL-6 and TNF-a in the serum were found with no
significant differences between the KBD-affected feed
group (feed with the wheat and corn samples from a KBD-
affected family located in Xiaojin county of the A’ba
region, Sichuan, China) and the low protein plus T-2 toxin
feed group. However, a significant increased serum level of
IL-1B, IL-6 and TNF-o was noticed in the above-men-
tioned two groups when compared with normal feed plus
the T-2 toxin group [39].

Although the functions of these cytokines in KBD were
still unclear, there were numerous studies providing a
catabolic role of elevated cytokines in the OA joint. As
reported in OA, IL-1f and TNF-a signaling, culminating in
the activation of activator protein transcription factors and
nuclear factor-kB (NF-kB), could induce expression of IL-
1B, TNF-qa, IL-6, NO, MMP1, MMP9, MMP13 and pros-
taglandin E2 (PGE2) [40]. Many inflammatory cytokines
can influence cartilage homeostasis with inducing cartilage
catabolism and inhibiting anabolic processes. For example,
it is reported that IL-1B can inhibit the production of car-
tilage ECM components, including aggrecan [41], types 11
and IX collagen [42]. It also showed that the elevated IL-6
at sites of inflammation in OA can activate T cells, B cells,
and mediate the recruitment of inflammatory cells to sites
of inflammation [43]. Besides, the inhibitor of IL-6
receptor was effective for the treatment of RA [44].

Inflammatory pathways activated in KBD

As the observation of the higher expression of TNF-o,
VEGF, TGF-B and IL-1 in KBD cartilage [22], inflam-
mation may be both a primary event in KBD and/or a
secondary event in the disease. The KBD is character-
ized by chondrocyte apoptosis and pathological changes
after cartilage necrosis, inflammation response maybe or
may activate the up-stream of the chondrocytes apopto-
sis. For example, p38 protein kinase and c-Jun
N-terminal kinase (JNK) pathways, two major pathways
of mitogen-activated protein kinase (MAPK) inflamma-
tion-associated signal transduction, play a driving role in
the stimulation of apoptotic signaling as well as
inflammatory response. As reported in previous studies,
the apoptotic function of ATF2, especially the elevated
phosphate type of ATF2 in KBD cartilage is mainly
enhanced through JNK signal pathway compared with
p38 pathway. Thus, the activation of ATF2 through JNK
pathway might be a possible target in the prevention and
treatment of KBD [45].

By comparison of articular chondrocytes gene expres-
sion profile between KBD and OA, 195 up-regulated and
38 down-regulated genes was identified in KBD, such as
PIM2, EFNA1, CSGALNACT, SMAD9, AQP, STKI1,
APCDD, T cell factor/LEF, and PTN [19]. Some of the
above differentially expressed genes, linked to chondro-
cytes apoptosis, ion channel proteins and cartilage
metabolism, were reported to have interaction with
inflammation [46, 47]. Besides, by Gene Set Enrichment
Analysis (GSEA) of cartilage from KBD and OA, apop-
tosis-related and NO-related pathways were significantly
up-regulated in KBD cartilage [20]. These results are
consistent with the increased levels of NO and iNOS [7] in
KBD serum and abnormal expression of Bax, Fas, Bcl-2,
iNOS in KBD cartilage [39]. In general, the development
of KBD was greatly contributed to chondrocyte apoptosis,
which was mediated by NO-related pathways.

Innate immunity: a perceive of damage
and inflammation in KBD

Innate immunity implies that the host immune responses
are induced by invariable pattern-recognition receptors
(PRRs), which respond to conserved patterns in nature,
such as bacteria, viruses, and fungi [48]. PRRs also identify
multiple endogenous “danger signals” resulting tissue
damage, including pathogen associated molecular patterns
(PAMPs) and (DAMPs), which composed of potentially
even more diverse group of molecules [17]. A protective
response of either combat infection or initiate repair pro-
cesses by immune system was the consequence of signals
from both PAMPs and DAMPs.
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As known, unlike RA, although KBD showed little
association with a robust adaptive immune response, acti-
vation of the innate immune system was critical for both
diseases. Markers of autoimmune response were also ele-
vated in KBD patients. Arthritis-related autoantibodies and
inflammatory factors, including types II, IX, and XI col-
lagen, cyclic citrullinated peptide (CCP), immunoglobulin
(Ig)-G and IgM in plasma from KBD patients were
examined and compared with RA patients, OA patients and
healthy controls. It has been notified that the plasma levels
of IgG-RF, collagen IX antibodies and NO were obviously
higher in KBD patients compared with that in the other
groups. Meanwhile, collagen XI antibodies, CCP antibod-
ies and IgM-RF were higher in the plasma of the KBD
group than that in the control group. These results further
confirmed that autoimmunity and inflammation might
involve in the development of KBD, especially in the
advanced stage of KBD [18].

Chronic inflammation: second stage in clinical KBD

The formation of cartilage loosen bodies and early cartilage
degradation may play a driving role in the development of
inflammation within the KBD joint and specifically the
KBD synovium. In fact, chronic inflammation is ubiquitous
present in KBD patients and should be considered as a
driving force of progressive degeneration in clinical KBD
joints. The KBD joint might be likened to a chronic wound,
as a result of cartilage injury affected by environmental
factors, induces a local pathologic inflammatory response
that results in further cartilage loss and progressive joint
injury over time. Therefore, the development of chronic
inflammation in KBD might be understood as a vicious,
self-perpetuating cycle of local tissue damage, inflamma-
tion, and repair. This hypothesis is depicted in Fig. 2.
Biomechanics are central to the development of KBD,
since cartilage damage from prior mechanical derangement
by interaction of gene-environmental factor, can produce
ongoing chronic inflammation and its immune response.

Inflammation as a target for treatment of KBD

Although synovitis is observed in a part of clinical KBD
patients, the relationship between KBD and synovitis is
still uncertain. The impact of synovitis on KBD onset and
progression needs further study. Thus, the increasing
recognition of environmental risk factors for the develop-
ment of clinical KBD and the advent of highly sensitive
imaging modalities for visualizing cartilage damage, as
well as early synovitis may greatly enhance the apprecia-
tion of early anti-inflammatory interventions. Current
therapies, such as selenium, intra-articular hyaluronic acid
injections, nonsteroidal anti-inflammatory drugs (NSAID),
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Fig. 2 Schematic representation of chronic inflammation as a
mediator of clinical KBD. Following cartilage damage by environ-
mental factors, results in the production of damage-associated
molecular patterns (DAMPs), including cartilage extracellular matrix
(ECM) breakdown products and plasma proteins that signal through
pattern recognition receptors on synovial macrophages, fibroblast-like
synoviocytes, or chondrocytes to induce the local production of
inflammatory mediators. Acute and chronic production of inflamma-
tory mediators promotes further cartilage degradation either directly
or indirectly through their induction of proteolytic enzymes, ampli-
fying a vicious cycle of innate immune activation in KBD

COX-2 selective agents, vitamins and chondroitin sulfate
showed efficiency for relieving discomfort of KBD patients
[11-18]. Although several studies have demonstrated that
the efficacy of meloxicam [13, 49], a COX-2-specific
inhibitor, is effective in the treatment of knee pain due to
KBD, no agent has been shown to have disease modifying
effects on the structural progression of KBD. Since the role
of inflammation in KBD process is still a mystery waiting
to be unveiled. There are fewer trials of potent anti-in-
flammatory therapies targeted very early KBD by using
anti-inflammatory intervention, might be more effective,
including use of systemic and intra-articular biologic
agents to inhibit IL-1p and TNF-a. Clinical KBD is a result
of progressive damage of cartilage and bone after affected
by endemic environmental factors, thus therapeutics may
have limitations. The challenges for the development of
KBD target drugs include the improved understanding of
the activated inflammation function in KBD and the dis-
ease stage for intervention, as well as the need for
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improved measures of cartilage structural damage (beyond
the use of X-rays).

Conclusions

In summary, understanding KBD not only as an endemic
disease, but also as an inflammation disease, may help us
investigate the function of inflammation in the occurrence
and development of KBD, and seek for a possible expla-
nation of the interaction between environmental factors and
the environment response genes and proteins in the pro-
gression of KBD as well. Owing to the latest findings, a set
of abnormally expressed genes, proteins and pathways in
KBD has been identified mainly involved in chondrocyte
structure, cartilage metabolism, ion channels, oxidative
stress, mitochondrial function and apoptosis. Thus, under-
standing KBD as an inflammation disease may help us to
better study the role of inflammatory cytokines and path-
ways in the lesions of articular cartilage and growth plate
cartilage in KBD. This will further help researchers and
clinical doctors to find effective genes, proteins and path-
ways, targeted and modified-disease therapies for the
prevention and treatment of KBD.
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