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SUMMARY
Background. Recent findings indicate that the connective tissue of tendons hosts cells 
that can self-renew and are multipotent. Even if these cells seemingly fail to accomplish 
tendon regeneration in pathological conditions, their identification and characteriza-
tion represents a milestone in the research and development of new biological thera-
pies for tendinopathies.
Methods. We isolated the adult human tendon-derived stem cells (hTDSCs) from the 
fragments of patellar or calcaneal tendons and characterized these cells in vitro by 
immunochemistry and histochemistry. Subsequently, the MTT test and Trypan Blue 
were used for the evaluation of cytotoxicity of the supplements/drugs commonly used 
for the treatment of musculoskeletal disorders: Curcumin, Hyaluronic Acid, Palmi-
toylethanolamide, Diclofenac sodium, Triamcinolone acetonide and Thiocolchicoside.
Results. Cells obtained by outgrowth expressed mesenchymal markers, were clono-
genic and differentiated into chondroblasts, osteoblasts and adipocytes. High concen-
trations of the anti-inflammatory glucocorticoid Triamcinolone and the analge-
sic fatty-acid amide Palmitoylethanolamide significantly reduced cell viability. Only 
curcumin had a positive effect on cell survival, both in the normal and oxidative stress 
conditions.
Conclusions. Adult human tendons posses stem cells. The influence of several drugs 
or supplements used for the treatment of musculoskeletal disorders should be taken 
into consideration in order to take the full advantage of the healing properties of stem 
cells within tendons.
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Influence of Supplements and Drugs used for the 
Treatment of Musculoskeletal Disorders on Adult 
Human Tendon-Derived Stem Cells

BACKGROUND
An ambiguous relationship between tissue inflammation 
and degeneration prompted the use of a term tendinop-
athy, encompassing tendon inflammation (tendinitis) and 
tendon degeneration (tendinosis), to describe the clinical 
condition characterized by pain and impaired strength of 
a tendon (1). Tendinopathies represent a growing prob-
lem in the clinical practice of general practitioners and 
specialists in sports medicine or orthopaedic surgery 
(2,3). Pharmacological treatments, surgical interventions, 
physiotherapy procedures or, more recently, extracorpo-

real shock wave therapy (4) and platelet-rich plasma injec-
tions (5) have been used for treating tendinopathy with 
different results (6), but the development of new effec-
tive therapeutic strategies remains hindered by the lack of 
biological data regarding the pathogenesis of the disease 
at the cell and tissue level. Notwithstanding the availabil-
ity of modern molecular and cellular biology tools, our 
understanding of tendon biology is far from that of other 
tissues and the exact mechanism underlying degenerative 
and reparative processes in tendinopathy has not yet been 
clarified (7).
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Recent findings indicate that tendon connective tissue 
hosts stem cells that have the capacity for self-renew-
al and multipotential differentiation (8,9,10). Even if 
these cells seemingly fail to accomplish tissue regenera-
tion in chronic pathological conditions, their identifica-
tion and characterization can represent a major turning 
point in the research and development of new biologi-
cal therapies for tendinopathies (11). Indeed, the stem 
cells have increasingly attracted the interest of scientists 
and physicians for their potential application in differ-
ent fields of medicine, including orthopaedics (12): for 
one thing, these cells could be propagated and stimu-
lated in vitro and injected into the patients’ tendons; for 
another, they could be activated directly in the tendon 
using selected cytokines and supplements/drugs. Hence, 
more data on the biology of tendon-derived stem cells 
(TDSCs) are needed in order to identify the conditions 
and factors that would enhance their survival and activ-
ity in normal and pathological conditions. Accordingly, 
we isolated and characterized the adult human TDSCs in 
order to evaluate the cytotoxicity of several supplements/
drugs commonly used for the treatment of musculoskele-
tal disorders on these cells.

MATERIALS AND METHODS

Isolation and culture of hTDSCs
Fragments of normal patellar tendons (n = 5) and calcane-
al tendons (n= 5) were collected from patients undergoing 
amputation surgery (n = 10; 5 males, 5 females; mean age 40 
± 8 years). All patients provided written informed consent 
for the use of the specimens from their amputated limbs in 
research and specimens were collected before the disposal 
of the amputated limbs as medical waste, without patient 
identifiers, in conformity with the principles outlined in the 
Declaration of Helsinki and the MLTJ (13).
Samples were minced and obtained pieces were washed in 
the sterile PBS solution, placed under sterile cover glass-
es in 35-mm culture plates and cultured in DMEM High 
Glucose (Sigma-Aldrich, St. Louis, MO, USA) enriched 
with 10% fetal bovine serum (Sigma-Aldrich), 5% horse 
serum (Sigma-Aldrich), 0.2 mM glutathione (Sigma-Al-
drich), 10 ng/ml b-FGF (Prepotech, Rocky Hill, NJ, USA), 
erythropoietin 5 UI, porcine gelatine 50 g/ml, penicillin 
10,000 U and streptomycin 10 mg/ml (Sigma-Aldrich), at 
37°C in 5% CO2. Plates were observed daily at an inverted 
phase-contrast microscope (Olympus, Segrate, Italy) and 
medium was replaced every 3 days. The outgrowth of the 
cells was documented by digital image acquisition (Colour 
View III Soft Imaging System, Muenster, Germany). Once 

the adherent cells were more than 75% confluent, they 
were detached with 0.25% trypsin-EDTA (Sigma-Aldrich) 
and then expanded up to passage P3.

Cell growth and cloning 
In order to assess the growth dynamics of hTDSCs, cells 
were seeded at the density of 25 × 103 cells/cm2 in 35-mm 
culture plates. After 48 h, 96 h, 144 h and 192 h of culture, 
cells were stained with Trypan Blu (Lonza, Walkersville, 
MD, USA) and live cells were counted manually in the 
cell counting chamber (Hausser Scientific, Horsham, PA, 
USA). The population doubling time was calculated in the 
exponential growth phase of the growth curve, according 
to the formula PDT = T × ln 2 / ln (N1-N0), where PDT is 
the population doubling time, T represents the incubation 
time, N0 is the cell number at the beginning of the incu-
bation time, and N1 is the cell number at the end of the 
incubation time. Cell cloning test was performed by serial 
dilution in 96-well plates, according to the manufacturer’s 
protocol (Corning Incorporated, NY, USA).

Immunocytochemistry
For the in vitro phenotypic characterization by immunocy-
tochemistry, cells were fixed in 4% paraformaldehyde for 
20 minutes and incubated first with 10% donkey serum 
(Sigma-Aldrich) for 1 hour at room temperature, and then 
with primary antibodies targeting CD34, CD44, CD45, 
CD90, CD105 (all from Abcam, Cambridge, UK), Vimen-
tin, Phalloidin (both from Sigma-Aldrich) for 1 hour at 
37°C. Subsequently, the matching secondary antibodies 
conjugated with rhodamine or fluorescein (Jackson Immu-
noresearch, Europe, Newmarket, UK) were applied. The 
stained area of culture dish was mounted with coverglass in 
Vectashield mounting medium with DAPI (Vector Labo-
ratories, Burlingame, CA). Stained cells were observed, 
quantified and documented using fluorescence microscope 
(Nikon, Tokyo, Japan).

Differentiation potential of hTDSCs in vitro
Cells were seeded at a density of 2×105 cells/cm2 in 35-mm 
Petri dishes in DMEM High Glucose enriched with 10% 
bovine fetal serum, 10,000 U penicillin and 10 mg/ml strep-
tomycin (all from Sigma-Aldrich). After reaching 75% 
confluence, hTDSCs were cultured for 14 days in osteo-
genic, adipogenic, and chondrogenic induction medi-
um, according to the previously validated protocol (14). 
Adipogenic induction medium consisted of DMEM High 
Glucose with 10% horse serum (Sigma-Aldrich).
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Osteogenic induction medium consisted of serum-free 
DMEM High Glucose enriched with 10-7 M Dexametha-
sone, 0.2 mM Ascorbic Acid, 10 mM β-Glycerophosphate 
(all from Sigma-Aldrich). Chondrogenic induction medium 
consisted of serum-free DMEM High Glucose supplement-
ed with 100 ng/ml TGF-β (Peprotech). Culture medium 
was changed every 72 hours. To confirm the adipogen-
ic, osteogenic or chondrogenic differentiation, cells were 
fixed in 4% paraformaldehyde and stained using specific 
methods: Oil Red O, von Kossa and Alcian blue (all from 
Bio-Optica, Milan, Italy), respectively. The cells were then 
observed at a microscope equipped with a digital camera 
(Leica Microsystems).

hTDSC Metabolic activity and Viability test
The hTDSCs were seeded at the density of 1×104 cells/cm2 

in a 96-well microplate and allowed to proliferate. After 
24 hours, cells were treated with one of the supplements: 
Curcumin, Hyaluronic Acid, Palmitoylethanolamide, or 
drugs: Diclofenac sodium, Triamcinolone acetonide, Thio-
colchicoside (all from Sigma-Aldrich) at different concen-
trations (15,16) for 72 hours (table I). The cytotoxicity of 
these supplements and drugs was evaluated by the MTT 
assay, according to the manufacturer’s protocol (Sigma-Al-
drich). Since the total mitochondrial activity is related to the 
number of alive cells, this assay can be used to measure the 
in vitro effects of drugs on cell viability (17). The experi-
ments were performed in triplicates. The absorbance was 
measured at 570 nm, using the Multiscan EX microplate 
reader (Thermo Labsystems, Vantaa, Finland).
Next, cells were incubated in the culture medium with the 
addition of the supplement or drug at the concentration 
which was associated with the highest metabolic activity in 
MTT assay and their viability was evaluated using trypan 

blue, as previously published (18,19,20,21). Three indepen-
dent experiments were performed, with the evaluation of 
the number of alive and dead cells at 48, 72 and 96 hours in 
normal conditions, and at 4 and 8 hours in the presence of 
oxidative stress evoked by the addition of 200 µM hydrogen 
peroxide. For each in vitro assay, control cells were incubat-
ed for the same time in the standard culture medium.

STATISTICAL ANALYSIS
Data were analysed with GraphPad Prism 5.0 (GraphPad 
Software, La Jolla, CA), using t-student test. A value of p < 
0.05 was considered statistically significant.

RESULTS

Characteristics of hTDSCs in culture
The outgrowth of hTDSC from the tendon fragments 
occurred on the sixth day of culture (figure 1). At about 21 
days, the cells reached 75% confluence and were passaged 
for the subsequent experiments. As observed at a phase-con-
trast microscope, hTDSCs in culture were spindle-shaped 
or star-shaped; cells were expanded up to three passages 
without altering their morphology.
The estimated normal growth curve of hTDSCs showed a 
typical sigmoidal pattern, with an adaptation phase, loga-
rithmic phase and plateau phase (figure 2). The popula-
tion doubling time of hTDSCs in vitro was approximately 
36 hours. Following serial dilution of hTDSCs suspension, 
single cells formed colonies after 96 hours of incubation. 
The observed frequency of colony formation from single 
cells reached 12%. The formation of clones was moni-
tored for 10 days (figure 3). Phenotypic analysis performed 
by immunofluorescent staining confirmed that isolated 
cells were CD34, CD44 and CD45 negative (positive cells 
represented 0.12%, 1.6%, and 0.57% of the population, 
respectively), and expressed specific mesenchymal surface 
markers CD90 and CD105 (66.2% and 67.3% of cells, 
respectively). Furthermore, hTDSC expressed filamentous 
actin and vimentin (89%) intermediate filaments in the 
cytoskeleton (figure 4).

Differentiation potential of hTDSCs in vitro
The hTDSCs were cultured in specific media to induce their 
differentiation into osteoblasts, adipocytes or chondroblasts 
(figure 5). After 14 days of culture, the hTDSCs incubated 
in the osteogenic differentiation medium formed aggregates 
and changed their shape from flat and elongated to round. 
The von Kossa stain demonstrated calcium deposits in the 

Table I. Concentrations of supplements/drugs used in 

hTDSCs culture.

Supplement/drug Concentration
Low Medium High

Curcumin [µg/ml] 1 2.5 5

Hyaluronic acid [mg/ml] 0.5 1.25 2.5

Palmitoylethanolamide 
[mM]

1 10 100

Diclofenac sodium [µg/ml] 10 100 500

Triamcinolone acetonide 
[mg/ml]

1 5 10

Thiocolchicoside [µg/ml] 2.5 5 10
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Figure 1. Representative images of hTDSCs in vitro at different passages. (a) P0; (b) P1; (c) P2; (d) P3. The scale bar corresponds 
to 200 µm.
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Figure 2. Growth curve of hTDSCs in vitro.

cytoplasm. In the presence of the chondrogenic culture 
medium, the hTDSCs became smaller, but remained spin-
dle-shaped. Staining with Alcian blue confirmed the synthe-
sis of acid mucopolysaccharides, as typical of chondroblasts. 
The hTDSC cultured in the adipogenic medium maintained 
their morphology and accumulated lipids in the cytoplasmic 
vacuoles.

Viability of hTDSCs in the presence of 
supplements/drugs
The MTT test was used for the evaluation of toxicity of the 
supplements/drugs in hTDSCs (figure 6). High concen-
trations of Triamcinolone (10 mg/ml) and Palmitoyletha-
nolamide (100 mM) significantly reduced viability of cells. 
Only curcumin had a positive effect on hTDSC viability. In 
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Figure 4. Phenotypic analysis of hTDSCs in vitro.  Represen-
tative images of immunofluorescent staining, showing the 
expression of different markers: (a) CD90, green; (b) CD105, 
green, and vimentin, red; (c) actin, green, and vimentin, red. 
Nuclei are stained with DAPI, blue. The scale bar equals 50 
µm.Figure 3. Clonogenic potential of hTDSCs in vitro. Phase 

contrast image of a clone obtained from a single cell moni-
tored over time: (a) 2 days; (b) 4 days; (c) 10 days. The scale 
bar equals 200 µm.
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Figure 5. Differentiation potential of  hTDSCs in vitro. Cells before (a) and after incubation in the specific differentiation medi-
um: (b) chondrogenic, (c) osteogenic or (d) adipogenic observed at a phase-contrast microscope. Specific histochemical stains 
confirmed differentiation into (e) chondroblasts (Alcian blue), (f) osteoblasts (von Kossa staining) and (g) adipocytes (Oil Red).
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Figure 6. Toxicity of supplements/drugs at differ-
ent concentrations to hTDSCs in vitro. Cell viabil-
ity was assessed by MTT assay after 72 hours of 
incubation. Data are reported as mean ± SEM (n 
= 4). H, high concentration; L, low concentration; 
M, medium concentration.
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particular cell metabolic activity, as measured by MTT assay, 
reached the highest level in the presence of curcumin at the 
concentration of 2.5 µg/ml.
The effects of 2.5 μg/ml curcumin were further studied by the 
analysis of cell survival in vitro (figure 7). In normal condi-
tions, the percentage of alive cells was significantly higher at 
48 hours in the presence of curcumin than in the untreated 
control group. Moreover, treatment of hTDSCs with curcum-
in resulted in significantly higher viability in the presence of 
oxidative stress induced by hydrogen peroxide, compared to 
control cells cultured in the standard conditions.

DISCUSSION
The current study showed that stem cells can be easily 
isolated from the connective tissue of human tendons. The 

hTDSCs were isolated from small fragments of tendons and 
maintained in adherent culture, in standard conditions. The 
results of the study indicate that these cells express typical 
mesenchymal markers, have a high proliferation capacity, 
posses self-renewal properties and have multipotent differ-
entiation potential. Thus, we have successfully isolated a 
tendon cell population that meets the defining criteria for 
stem cells (22). Another important finding was that several 
supplements or drugs used in orthopaedics, physiotherapy 
and sports medicine can influence hTDSC survival in vitro. 
Among them, the anti-inflammatory glucocorticoid Triam-
cinolone and the analgesic fatty-acid amide Palmitoyletha-
nolamide proved to be cytotoxic, while curcumin prevented 
cell death in vitro.
Our findings may be limited by the lack of in vivo testing of 
hTDSCs in an animal model of tendinopathy. Indeed, the 
studies of supplements or drugs often show discrepancy 
between the effects observed in vitro and in vivo. In both 
conditions, multiple variables can influence drug concentra-
tion and action on target cells. However, several unresolved 
issues, including the modifications of cell biology in tendi-
nopathy, are best studied at the cell level in vitro (23). It is 
the preclinical, basic-science research that allows us to fill a 
gap in knowledge whenever the clinical results are ambigu-
ous or unexpected (as is the case with the use of anti-inflam-
matory drugs in orthopaedics), and understand the ratio-
nale of a new therapeutic strategy before going from bench 
to bedside (as could be the case with the injection or activa-
tion of stem cells in tendons).
The adult tissue-resident and tissue-specific stem/progen-
itor cells represent a fertile ground for research and offer 
practical advantages over bone marrow-derived mesen-
chymal stem cells. The first evidence of their presence in 
tendons came from Bi et al. (9), who estimated that these 
cells represent 1–4% of the tendon cell population and 
show a greater proliferative and synthetic capacity of ECM 
when compared with bone marrow-derived MSCs, which 
make up only 0.001–0.01% of all cells in the bone marrow 
aspirate. The hTDSCs reside in the tendon, hence in a 
microenvironment that makes them more predisposed to 
differentiate into tenocytes. Al-Ani et al. (24) compared 
TDSCs with bone marrow-derived stem cells in the treat-
ment of ruptured Achilles tendons in rats and conclud-
ed that the former had higher regenerative potential. In 
pathological conditions, however, modification of the local 
microenvironment composition, known as tissue remod-
elling, can adversely influence the vitality and the regen-
erative properties of tendon stem/progenitor cells (25). 
The isolation and culture of stem cells from adult human 
tendons offers the possibility of studying and influencing 
their activity in vitro, in order to favour a better and faster 

Figure 7. Effect of 2.5 μg/ml curcumin on hTDSC survival in 
normal conditions (upper panel) and in the presence of oxida-
tive stress (lower panel). Data are reported as mean ± SEM (n 
= 4). Significant difference from untreated cells at the same 
time point is indicated as * p < 0.05 or *** p < 0.001.
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recovery of the injured tendon through TDSC injection or 
stimulation in vivo.
While the role of endogenous stimuli, such as locally secret-
ed cytokines, that can modulate cell vitality, matrix remod-
elling or angiogenesis in tissue repair is extensively studied 
and widely acknowledged, little is known about the exog-
enous factors, including therapeutics and nutraceutics 
(26), that can influence these processes. Having isolated 
hTDSCs, we addressed the effects of several supplements/
drugs, frequently used by patients with tendinopathy, on 
these cells. The results showed that Palmitoylethanolamide 
and Triamcinolone acetonide can reduce the viability, while 
curcuma significantly increases hTDSC viability. To the best 
of our knowledge, this is the first study that explored the 
effects of curcumin on these cells. Our findings complement 
the experiments on rodents (27,28) and support the grow-
ing interest of the scientific and lay population in curcum-
in anti-oxidative and anti-inflammatory properties. With 
regard to steroids, their injections have become mainstream 
in the treatment of tendinopathy, even if the evidence of 
the long-term benefit of such treatment is lacking. Worse 
still, recent meta-analysis of the effects of local glucocorti-
coid administration highlighted their deleterious effects on 

tendon structure and function (29). Considering that Palmi-
toylethanolamide and Triamcinolone acetonide had negative 
effects on hTDSCs, our study further supports the notion 
of harmful influence of steroids on the connective tissue 
healing. Of note, the treatments evaluated in our study did 
not produce significant changes in the marker expression. 
Nevertheless, further studies are warranted to determine 
the effects of these supplements/drugs on the staminality 
and differentiation of hTDSCs.
The major contribution of the present research is that it 
provides much needed data on the effects of supplements/
drugs used for the treatment of musculoskeletal disorders 
on hTDSCs. In practice, these findings could lead to the 
improvement of outcome in patients with tendon disease. 
Considering that hTDSC potentially play an important role 
in tendon healing, other therapies commonly used in tend-
inopathy management should be tested on this cell popu-
lation in order to use the emerging knowledge on tendon 
healing to the best advantage of our patients.
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