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Calebin A (CA) is one of the active constituents of turmeric and has anti-inflammatory and antioxidant effects.
Excessive inflammation and cell apoptosis are the main causes of tendinitis and tendinopathies. However, the role

of CA in tendinitis is still unclear and needs to be studied in detail.
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| 1. Introduction

Tendinopathies is a medical term describing various types of tendon injuries, including trauma, rupture, and
especially inflammation-related tendinitis, which are occurring more frequently worldwide X2 and account for
almost one-third of all musculoskeletal consultations [E. Moreover, tendinopathies are disabling but also very
painful conditions that significantly affect the quality of patients’ daily lives I3, explaining their strong desire for
relief. The standard medical treatment commonly provided to patients comprises oral non-steroidal anti-
inflammatory drugs (NSAIDs) 8 and corticosteroid injections 4. However, their efficacy in reducing pain and
inflammation comes with high costs, as these treatments are associated with serious side effects in multiple organs
such as the gastrointestinal, cardiovascular, hepatic, renal, cerebral and pulmonary systems (B9 |n addition, a
link was shown between NSAIDs application and inhibitory effects on proteoglycan synthesis and tendon cell
proliferation 11l as well as the attenuation of collagen during corticosteroid treatment 221314 These facts

emphasize the urgency for a safer and more specific therapy in the treatment of tendinopathies.

The reasons underlying tendinopathies are various and partly go hand in hand, such as the natural process of
aging, physical inactivity and a sedentary lifestyle, mechanical stress and overuse, genetic predisposition or a poor
diet 131181 to name just a few. On the other hand, research showed that tendon ruptures and tendinitis can also
occur as a consequence of high-performance sports 271181 or as side effects of certain drug therapies, such as the
antibiotic group of quinolones A2 primarily by destroying the connection between tenocytes and the

extracellular matrix (ECM).

Morphologically, tenocytes have a fibroblast-like shape, expressing Scleraxis as a tendon-specific transcription
factor 22238 and they are embedded in the ECM, a complex and highly dynamic network composed of non-cellular
components such as collagen (mainly Collagen I), Elastin, Fibronectin and proteoglycans. The ECM, produced by
tenocytes themselves, not only determines a tendon’s stability and its mechanical properties, but is also essential

for the regulation of cellular functions such as growth, survival, differentiation or the maintenance of homeostasis.
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These regulatory processes are mediated by cell surface receptors such as the integrin family, which transmit

signals from ECM to cells and vice versa [241(23[26]27][28]

In this context, several studies showed that integrins, as heterodimeric transmembrane protein receptors, play a
fundamental role in this process. They not only integrate ECM and cytoskeletal structures into a functional unit, but
also actively transduce signals into the cell and vice versa, consequently possessing a wide range of functions
essential for tissue survival, differentiation, and homeostasis 22[BA31I32] Recalling the importance of the various
functions of integrin and its role of being strongly involved in ECM anchorage signals, thus the survival of cells, it
becomes clear that, the disruption of the specific interplay between ECM and cells might cause apoptotic cell death
[32][33]

To date, inflammation and pro-inflammatory processes are known to primarily contribute to the pathogenesis of
tendinopathy and tendinitis (22!, thus being accompanied by catabolic events, ultrastructural changes, and even
tenocyte apoptosis. The up-regulation of pro-inflammatory cytokines such as TNF-a or TNF-3, and the activation of
catabolic enzymes such as Cyclooxygenase-2 (COX-2) or Matrix-metalloproteinase (MMP) accompanying
inflammatory processes, are mostly promoted by the activation of the Nuclear Factor kappa B (NF-kB) pathway, a
pro-inflammatory transcription factor engaged in the regulation of various genes (221341851361 NF-kB usually resides
in the cytoplasm of cells, but when activated through its phosphorylation, it translocates into the nucleus. Since NF-
KB serves as a central mediator for inflammatory processes and its up-regulation is mostly associated with

inflammatory disease, it represents a potential target in treatment strategies 7138139

Recently, the attention towards natural products as promising and effective treatment options has grown, especially
in inflammation-triggered disease, since many studies clearly demonstrated their multi-targeting potential and the
anti-inflammatory evidence of polyphenols, which is partially and specifically achieved by inhibiting NF-kB [42411142]
(43]144]45] | fact, in contrast to standard therapy, natural compounds provide a much safer and less expensive

treatment with no undesirable side effects 48,

Calebin A (CA) [4-(3-methoxy-4-hydroxyphenyl)-2-oxo-3-enebutanyl 3-(3-methoxy-4-hydroxyphenyl) propenoate], a
non-curcuminoid active component obtained from the rhizome of turmeric (Curcuma longa L., Zingiberaceae) [47148]
is described to possess anti-inflammatory, anti-tumor and anti-oxidant properties @M49BABL \whereby many of
these studies identified a significant suppressing effect of CA on the activation of the pro-inflammatory NF-kB
pathway. However, most of the studies were based on the investigation of tumor cells, and only a few were carried

out on cells of the connective tissue 42B152](53]

2. Calebin A Suppresses TNF-B- Similar to TNF-a-Mediated
Adhesiveness of T-Lymphocytes to Tenocytes

It is well known that inflammatory processes in tissues are associated with the recruitment and migration of T-
lymphocytes and other leukocytes to the site of inflammation B4l To investigate whether a similar effect can be

detected in tenocytes, researchers performed an adhesion experiment with T-lymphocytes. Tenocytes were grown
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to subconfluence in monolayer cultures, either by themselves or in co-cultures with T-lymphocytes, treated as
outlined in Material and Methods.

Co-culturing tenocytes with T-lymphocytes alone (as control, Co) or with additional treatment with cytokines (such
as TNF-a or TNF-B) showed the similar tendency of T-lymphocytes to attach and adhere to tenocytes, which is
significantly increased by cytokine stimulation, underlining their role in enhancing T-lymphocyte migration, thus
manifesting an inflammatory environment (Figure 1). In contrast, untreated co-cultures, or co-cultures treated with
CA or with CA and pro-inflammatory cytokines, showed a remarkable suppression of T-lymphocyte accumulation
and adherence to tenocytes with a concentration-dependent effect (Figure 1). Overall, these results indicate the
adhesion of T-lymphocytes to tenocytes in a tendinitis environment as one of the main targets of CA for its anti-

inflammatory mechanisms in inflammatory environments in tenocyte culture.
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Figure 1. Effect of Calebin A (CA), TNF-a or TNF-B on T-lymphocytes adhesiveness on tenocytes in an
inflammatory environment. Serum-starved tenocyte monolayer cultures alone (control, Co), or co-cultured with T-
lymphocytes, or co-cultured with T-lymphocytes and TNF-a or TNF-B (10 ng/mL), were either left untreated or
treated with various concentrations of CA (1, 5, 10 uM) for 18 h and, subsequently, photographed using a light
microscope (Zeiss, Jena, Germany). All assays were performed three times. Data with p < 0.05 (*) and p < 0.01 (**)
indicate a significant difference compared to control. Magnification: x100; scale bar = 30 nm. Insets: magnification:
x400; scale bar =3 nm.
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3. Calebin A Suppresses T-Lymphocyte-iInduced NF-kB
Phosphorylation/Nuclear Translocation and Down-
Regulation of Scleraxis

To analyze whether the above observations of enhanced or suppressed adhesiveness might be associated with the
up-regulation of either inflammatory-specific or the down-regulation of tendon-specific proliferating signaling in
tenocytes, researchers first performed an immunofluorescence analysis with the master regulator of inflammation
NF-kB and the tendon-specific transcription factor, Scleraxis. Tenocytes grown in monolayer on glass plates were
either cultured alone (Co) or grown in T-lymphocyte co-cultures and left untreated or treated with CA, as precisely
described in Material and Methods. The immunolabeling of the tenocyte control culture showed a moderate
expression of NF-kB, while co-culturing with T-lymphocytes resulted in a two-fold increase in NF-kB
phosphorylation, and thus the translocation into the nucleus of tenocytes, where it may modulate gene expression.
Interestingly, the addition of a moderate concentration of CA to the tenocyte co-culture, clearly showed a down-
regulation of NF-kB phosphorylation and a translocation to the nucleus of tenocytes comparable to the initial
condition (Co) (Figure 2A). Altogether, these data indicate that CA is able to down-regulate T-lymphocyte-
enhanced expression and nuclear translocation of p65-NF-kB to tenocytes in the tendinitis environment, which is at
least one of the major mechanisms for its anti-inflammatory effect in tendinitis.
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Figure 2. Effect of Calebin A (CA) on NF-kB (A) and on Scleraxis (B) in tenocytes cultured in an inflammatory
environment analyzed by immunofluorescence. Serum-starved tenocyte monolayer cultures alone (control, Co) or
co-cultured with T-lymphocytes were either left untreated or treated with CA (5 uM) for 5 h. Magnification x400;

scale bar = 45 nm. All experiments were conducted three times and quantification of positively NF-kB- or Scleraxis-
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labeled nuclei was performed by counting 400-500 cells from 10 different microscopic fields. Values of p < 0.05 (*),

p < 0.01 (**) were considered statistically significant in relation to control.

To examine whether the inflammation-protective effect of CA in tenocytes is not only linked with blocking NF-kB
activation, but also with triggering tendogenic transcription factor Scleraxis, immunofluorescence labeling against
Scleraxis was performed in the same experimental set-up as used for NF-kB (Figure 3B). In the reference control,
tenocytes revealed intensive fluorescent labeling of Scleraxis in the nucleus, which was markedly reduced to
almost no signaling in the co-culture with T-lymphocytes. In the presence of CA, a strong signaling of Scleraxis was
exhibited again in tenocytes co-cultured with T-lymphocytes. Overall, these results suggest that CA may act as an
actively multi-targeting component, exerting its effects, at least in part, by suppressing inflammation (NF-kB) and

simultaneously activating Scleraxis in an inflammatory environment of tenocytes.

4. Calebin A Suppresses T-Lymphocyte-, TNF-3-, or TNF-a-
Promoted ECM Degradation and Signaling Gene Expression,
Similar to IKK Inhibitor (BMS-345541) in Tenocytes

To further investigate previous results, suggesting CA to suppress NF-kB translocation into the nucleus and down-
regulation of tendon-specific transcription factor Scleraxis, researchers sought to examine whether CA has the
capacity to prevent cytokine (TNF-a, TNF-B) or T-lymphocyte induced ECM inhibition by analyzing ECM-specific

gene expression (Collagen |, Tenomodulin) in tenocytes.

Samples used for Western blot analysis, consisted of tenocytes cultured by themselves with and without CA
treatment (basal controls), or tenocytes grown in co-culture with T-lymphocytes either left untreated or treated with
CA (1, 5, 10 uM), treated with cytokines (TNF-a, TNF-p3) alone, or concomitantly treated with cytokines and CA (5
MM). Additionally, a sample of tenocytes cultured together with T-lymphocytes and treated with BMS-345541 was
analyzed. BMS-345541 is a selective inhibitor of IKK subunits, and thus is able to specifically block NF-kB 52!,

Therefore, it was subjected as a control of NF-kB inhibition in the experiment.

Immunoblotting results revealed clearly enhanced expression levels of Collagen I, Tenomodulin, B1-Integrin and
Scleraxis in cultures treated with CA, similar to BMS-345541-treated culture (Figure 3A). In contrast, untreated
tenocyte cultures in an inflammation-induced environment showed a strong down-regulation of tendon-specific
protein expression. Together, these results do not only indicate the strong ability of CA to suppress T-lymphocyte-
or cytokine-promoted ECM inhibition in an inflammatory environment, but reveal the inhibition of NF-kB as a major

target mechanism of CA to unfold its anti-inflammatory and matrix-stimulating effects in tendinitis-like conditions.
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Figure 3. Effect of Calebin A (CA) and IKK-inhibitor BMS-345541 on extracellular matrix and inflammation-
associated proteins in tenocyte monolayer cultures. Serum-starved tenocytes in monolayer cultures alone (Co) or
co-cultured with T-lymphocytes, or co-cultured with T-lymphocytes and TNF-a or TNF-3 (10 ng/mL), were either left
untreated or treated with various concentrations of CA (1, 5, 10 uM) or BMS-345541 (5 uM) for 18 h. Western blot
analysis was conducted using whole-cell extracts separated by SDS-page, analyzed for (A) Collagen I,
Tenomodulin, B1-Integrin, Scleraxis and (B) NF-kB, p-NF-kB, MMP-9, COX-2 and Cleaved Caspase-3, whereby (3-
Actin served as an internal loading control. Bars demonstrate the mean values of antibodies with the standard
deviations of three independent experiments. Values p < 0.05 (*) and p < 0.01 (**) are considered statistically

significant in reference to control.

5. Calebin A Suppresses T-Lymphocyte-, TNF-3-, or TNF-a-
Promoted NF-kB Activation and NF-kB-Regulated Pro-
Inflammatory and Matrix-Degrading Gene Products, Similar
to IKK Inhibitor (BMS-345541), in Monolayer Tenocyte
Cultures

To gain a deeper insight into previous results suggesting CA could inhibit the activation of NF-kB and its
translocation into the nucleus, which is known to stimulate inflammatory processes and up-regulation of catabolic
events 2234185 they sought to examine the capacity of CA to block inflammation-triggered NF-kB activation in
particular, as well as NF-kB promoted gene products taking part in matrix degradation (COX-2, MMP-9) and
apoptosis (Cleaved Caspase-3). To investigate if CA suppresses NF-kB activation, tenocyte cultures were analyzed
for the phosphorylated form of p65-NF-kB subunits. Immunoblotting revealed higher levels of activated NF-kB
expression in the cytokine- and T-lymphocyte-induced inflammatory environment compared to normal control

(Figure 3B). Interestingly, in cultures treated with CA, the expression of phosphorylated NF-kB was significantly
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down-regulated in a concentration-dependent way. In agreement with this observation, NF-kB promoted gene

products (MMP-9, COX-2, Cleaved Caspase-3) and showed a decreasing expression level with an increasing CA

treatment concentration in inflammation-induced tenocyte environment (Figure 3B). These findings underline

previous results and suggest that CA acts as an inhibitor of NF-kB activation by exerting its anti-inflammatory

effects, further suppressing the NF-kB pathway-dependent, inflammation-associated (COX-2), matrix-degrading

(MMP-9) and apoptosis-related (Cleaved Caspase-3) gene products in an inflammatory tenocyte environment.
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