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Summary

Background: Hyaluronic Acid (HA) has been al-

ready approved by Food and Drug Administration

(FDA) for osteoarthritis (OA), while its use in the

treatment of tendinopathy is still debated. The

aim of this study was to evaluate the effects of

two different HA on human rotator cuff tendon de-

rived cells in terms of cell viability, proliferation

and apoptosis.

Methods: An in vitro model was developed on hu-

man tendon derived cells from rotator cuff tears

to study the effects of two different HA prepara-

tions: Sinovial HL® (High-Low molecular weight)

(MW: 80-100 kDa) and KDa Sinovial Forte SF (MW:

800-1200), at various concentrations. Tendon de-

rived cells morphology was evaluated after 0, 7

and 14 d of culture. Viability and proliferation

were analyzed after 0, 24, and 48 h of culture and

apoptosis occurrence was assessed after 24 h of

culture. 

Results: All the HAPs tested here increased via-

bility and proliferation, in a dose-dependent man-

ner and they reduced apoptosis at early stages

(24 h) compared to control cells (without HAPs). 

Conclusions: HAPs enhanced viability and prolif-

eration and counteracted apoptosis in tendon de-

rived cells.

KEY WORDS: hyaluronic acid, tendinopathy, human

tendon derived cells, rotator cuff tendons, shoulder.

Background

Non-traumatic rotator cuff tear is the most common

shoulder joint disease and it has age-associated inci-

dence, since it is favored by the co-presence of meta-

bolic diseases such as diabetes, thyroid disorders

and hypercholesterolemia1-4. Conservative treatment

of tendinopathies has been increasingly supported by

scientific evidence over the last twenty years5. De-

spite decades of study of HA in the conservative

treatment of osteoarthritis6, poor evidence is present

in the literature about the clinical indication for this

drug towards tendinopathies7. During tendinopathy

and tendon acute rupture, a higher incidence of teno-

cyte apoptosis occurrence and decreased collagen

synthesis has been reported8. The failure of the heal-

ing response may occur in genetically-predisposed

patients, decreasing the resistance of tendon struc-

tures to mechanical load, resulting eventually in

tendinopathy, or a tendon tear4,9,10.

Hyaluronic acid (HA) (or “hyaluronan”, or “sodium

hyaluronate preparation”) is a high molecular weight

glycosaminiglycan, consisting on the repetition of a

disaccharide unit composed by N-acetyl-glucosamine

and a β-glucuronic acid11. Its most important physic-

chemical properties are the capacity of retaining wa-

ter with a very high hydration ratio, and its visco-elas-

ticity. However these two properties are interdepen-

dent. Changes in HA concentration within the extra-

cellular matrix modulates a variety of cellular func-

tions, such as cell migration12,13, adhesion14,15 and

proliferation16-18. Several important medical applica-

tions of HA have been discovered for joints degener-
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ation7. Additionally, high local concentration of HA

causes endogenous growth factors release and stim-

ulates cell-cell interaction, resulting in a faster cell

proliferation rate during early stages of in vitro cul-

ture. Additional effects reported in clinical animal

studies have been related to an accelerated healing

process in tendons after repair and a decreased scar

formation within the tendons itself. There has been a

lack of specific studies on human shoulder derived

cells. Manystudies have been limited because the ex-

act phenotype of the tendon derive cells is still diffi-

cult to display. Moreover, the pattern of their gene ex-

pression is consistent with the presence of mixed

populations19. Clinical studies on patients suffering of

rotator cuff disease ranging from tendinopathy de-

rived from rotator cuff tears detected a positive influ-

ence on the reduction of pain and an improved func-

tion with no consistent side-effects recorded. Our pre-

vious data showed that different hyaluronic acid

preparations induced increase of cell metabolism, de-

crease of apoptosis of tendon derived cells collagen

type I protein secretion in dose-dependent manner

but not related to the molecular weight20. These re-

sults confirmed a physiological role of HA in the

homeostasis of tendons and they have implications

among regenerative medicine. Despite three different

molecular weights of HA were tested here, more

HAPs and different concentrations need to be further

tested in the same experimental conditions to confirm

which should have the best in vitro positive effects. 

In this study, the effect of two HAPs, which differ by

molecular weight, was evaluated, and viability, cell

proliferation and apoptosis occurrence on human ro-

tator cuff tendon tears derived cells were analyzed.

Materials and methods

All the procedures described in this investigation

were approved by the Ethical Committee of Rome Tor

Vergata University. All the patients gave written in-

formed consent to be included in the present study.

Tendon samples were harvested from healthy area

close to the degenerative supraspinatus tendons tear

region and biopsy specimen were operated arthro-

scopically for shoulder rotator cuff repair in 10 pa-

tients, with a mean age of 63,6 ± 6,9 years. Trauma

history, heavy smoking habit or systemic conditions

such as thyroid disorders, diabetes, gynecological

condition, neoplasia, rheumatic diseases, and any

previous or concomitant rotator cuff disease were

considered exclusion criteria.

Tendon cell cultures

Primary human tendon derived cell cultures were

established as previously described21. In brief, cells

were isolated from tissue sample by washing sever-

al times with phosphate buffered saline Dulbecco’s

W/O Ca and Mg (PBS) + 1% penicillin/streptomycin

(Invitrogen, Life Technologies, Carlsbad, CA, USA).

Small pieces of fresh tendon isolated were carefully

dissected and mechanically disaggregated with the

aid of fine watchmaker forceps to maximize the in-

terface between tissue and medium. Finally, ten-

dons were immediately placed on Petri dishes of 60

mm of diameter (Greiner CELLSTAR dish, Sigma-

Aldrich, Saint Louis, MO, USA), containing 5 mL of

α-MEM supplemented with 20% heat-inactivated

foetal calf serum (FCS) and 1% L-glutamine and 1%

penicillin/streptomycin (Gibco, Invitrogen, Life Tech-

nologies) at 37° C in 5% CO2 and air with a change

medium every 2-3 d. Tenocytes were then harvest-

ed by StemPro Accutase (Life technologies Carls-

bad, CA, USA) and centrifugated at 1,500 rpm for 5

min when the cells migrated out of tendon pieces

and reached 60-80% of confluence (19 day). Col-

lected tendon derived cells were immediately used

for culture to avoid phenotype drift with further in vit-

ro passages22. The phenotype of the tendon derived

cells had not demonstrated significant drift as evi-

denced by the gene expression pattern by assess-

ing the expression of gene for scleraxis and genes

for collagens α1(I), α2(I) and α1(III) in real-time

PCR assays with specific primers (data not shown).

Tenocyte viability 

In vitro viability was determined by the trypan blue

exclusion assay. Tendon derived cells were seeded

in a 24-well plate (1x104 cells/well) (Greiner CELL-

STAR dish, Sigma-Aldrich) in triplicates in 1 ml of α-

MEM supplemented with 10% FCS. Cells were cul-

tured as previous described21. Briefly, after 24 h, cul-

tured cells were exposed to two different hyaluronic

acid: Sinovial Forte (F) MW 800-1200 KDa, Sinovial

HL (High-Low molecular weight) ® MW 1100-1400

KDa, the features of which are listed in Table I.

Muscles, Ligaments and Tendons Journal 2017;7 (2):208-214 209

Hyaluronic acid increases tendon derived cell viability and proliferation in vitro: comparative study of two different

hyaluronic acid preparations by molecular weight 

Table I. Features of hyaluronic acids preparations tested.

Commercial Name Sinovial® HL, 3.2% Sinovial Forte® 1.6%

Active Substance Linear Sodium Hyaluronate Linear Sodium Hyaluronate

Molecular Weight High 1100-1400 kDa, Low 80-100 kDa 800-1200 kDa

Source Bacterial Fermentation Bacterial Fermentation

Doses Tested 250 μg/ml 500 μg/ml 1000 μg/ml 250 μg/ml 500 μg/ml 1000 μg/ml

Manufacturer IBSA Farmaceutici ItaliaSrl, Lodi, Italy
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Three different doses of Sinovial Forte or Sinovial HL

(250 μg/ml, 500 μg/ml and 1000 μg/ml) were adminis-

trated. HAPs were dissolved in the same culture me-

dia used for the entire experiments (α-MEM supple-

mented with 10% FCS) and the Ph was adjusted to

7.0. Cells without treatments were used as control.

All the cells (HAPs-treated and untreated) were cul-

tured in 1 ml of medium. After 0, 24, and 48 h teno-

cytes were detached, collected and counted (Nikon

Instruments INC., Melville, NY, USA) in the Burker

chamber with vital dye Trypan Blue (Stem Cells

Technologies, Vancouver, Canada) to evaluate cell

viability.

Cell proliferation assay with CFSE staining 

The proliferation rate of human tenocytes was deter-

mined by monitoring the decrease of green fluores-

cence in flow cytometry by means of carboxyfluores-

cein succinimidyl ester (CFSE) (CellTrace™ Cell Pro-

liferation Kits, Invitrogen, CA, USA). Cells (2x104

tenocytes) were cultured in T-25 flasks (VWR Interna-

tional PBI, MI, Italy) with 5ml α-MEM supplemented

with 10% FCS, 1% L-glutamine and 1% penicillin/

streptomycin. After 24 h cells were labeled with 2 μM

CFSE for 20 min at room temperature. The CFSE

readily diffuses into cells and binds covalently to in-

tracellular amines. Five volumes of cold completed α-

MEM medium were then added to stop the staining

reaction. The cells were then washed three times with

PBS to remove the excess of the staining. The

stained tenocytes were stimulated as described

above to monitor cell proliferation. After 0, 48 and 72

h samples were detached and analyzed by a

CytoFlex flow cytometer (Beckman Coulter, CA, USA)

with a FL1 (FITC) detector in a linear mode. The

CFSE monitors the distinct generations of the prolif-

erating cells by dye dilution resulting in a decrease of

green fluorescence. Live cells are covalently labeled

with a very bright and stable dye, while every genera-

tion of cells appears as a different peak of decreasing

fluorescent intensity on a flow cytometric histogram.

The percentage of apoptotic and dead cells were

quantified using Annexin V (BD Pharmingen). The

ModFit LT software (Verity Software House, ME,

USA) was used to quantify the proliferation indexes

and to visualize proliferating cells on statistical his-

tograms.

Measurement of apoptosis and necrosis by FACS

analyses

Hydrogen peroxide (H2O2) was used as an inducer of

apoptosis as previously described23. The tendon de-

rived cells were seeded in a 6-well plate (2x104

cells/well) with 4 ml of α-MEM supplemented with

10% FCS and 1% penicillin/streptomycin. After 24 h,

the medium was removed and the cultured cells were

treated with H2O2 (final concentration 2mM) in com-

plete α-MEM with or without Sinovial HL or Sinovial

Forte (1000 μg/ml) for a further 24 h. A negative con-

trol was prepared by incubating cells in the absence

of the inducing agent and HAPs. The Annexin V-FITC

Apoptosis Detection Kit (eBioscience, USA) was used

to detect apoptosis by flow cytometry. Cells were har-

vested and stained supravitally according to the man-

ufacturer’s instruction. Briefly, this product detects

the externalization of phosphatidylserine on apoptotic

cell membranes using a recombinant Annexin V

FITC-conjugated antibody, and displays dead cells

using the Propidium Iodide (PI). After exposing cells

with the both probes, apoptotic cells show green fluo-

rescence, dead cells show red fluorescence and vi-

able cells result unstained. Fluorescence-activated

cell sorting analysis was carried out using a CytoFlex

cytometer with the FL1 and FL3 detectors in a log

mode and analyzed using the CytoFlexanalysis soft-

ware (Beckman Coulter, CA, USA). 

Statistical Analysis

Data are typical results from a minimum of three inde-

pendent replicated experiments and they are ex-

pressed as mean ± SD. Comparison of individual

treatment was conducted using the Student’s t test.

Statistical significance in comparison with the corre-

sponding control values was indicated by *p<0.05

versus control. 

Results

Tendon derived cells viability

Tendon derived cell morphology was evaluated under

a light microscope at 0, 7 and 14 d. The cells main-

tained their normal, bipolar, spindle shape and cell

processes, during the whole study period for each of

the sets of culture conditions; cellular morphology re-

mained unaltered for up to 14 d in all the experimental

groups (Fig. 1 A). To examine the temporal nature of

HAPs-induced cytotoxicity, the Trypan Blue exclusion

test was performed in order to monitor cell viability for

up to 72 h after exposure to different concentrations

of HAPs: 250 μg/ml, 500 μg/ml and 1000 μg/ml. As

shown in Figure 1 B, the number of viable cells in-

creased significantly in a time- and concentration-de-

pendent manner with respect to the control sample.

Cell proliferation index was enhanced in Sinovial

HL or Sinovial Forte stimulated tenocytes

To assess cell proliferation, cells were labeled with

the vital dye CFSE. This dye is retained in the cyto-

plasm and it is diluted out after each cell division, and

thus allows tracking cell divisions in cultured cells by

flow cytometry. Wherefore, isolated human tenocytes

were stained with the fluorescent dye and cultured in

the presence of three different doses Sinovial HL or

Sinovial Forte: 250 μg/ml, 500 μg/ml and 1000 μg/ml.

Untreated cells were used as control. All HAPs in-

duced proliferation in all the experimental conditions,

and the majority of cells underwent multiple cell divi-

sions in the 72h test period. Sinovial HL at 250 μg/ml

significantly induce proliferation (Fig. 2 A, B); notably,

Sinovial Forte induced cell proliferation with all the

concentrations here tested, particularly 250 μg/ml

was the most significant concentration after 72 h (Fig.

2 A, B).
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Figure 1 A, B. Effects of Sinovial HL®

and  Sinovial Forte® on cell morphol-

ogy and viability. Tendon derived

cells were treated with different con-

centrations of Sinovial HL® and

Sinovial Forte® from 0 to 72 h. A) Af-

ter treatment  for 14 d the morphology

of the cells treated with all the HAs

was photographed (1000ug/ml). Mag-

nification, ×100. B) Trypan blue exclu-

sion test for cell viability of tendon de-

rived cell after 24, 48 and 72 hours

(hrs) of treatment with Sinovial HL®

and Sinovial Forte®. HAs increased

cell viability in a concentration-depen-

dent manner and with regard to time.

Significant differences were observed

from control according to the Stu-

dent’s t-test. All the experiments were

repeated in triplicate. Results are ex-

pressed as mean ± SD *p<0.05,

**p<0.01 compared with untreated

cells.

Figure 2 A, B. Cell tracking assay with CFSE CellTrace™. Tenocytes derived from tendon were stained with CFSE Cell-

Trace™ on day 0. A) Fluorescence intensity was measured by CytoFlex flow cytometer in the FL1 channel at 0, 48 h, and

72h. B) Histograms show the mean (± SD) of the proliferation index of CFSE of one experiment out of three. Standard devi-

ations are shown (*p<0,05; **p<0,01). 

A B
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Apoptosis induction 

To verify whether or not has counteracted apoptosis

occurrence in tendon derived cells, the Annexin V as-

say was performed. H2O2 was used here as an apop-

totic inducer for 24 h. Concurrently, tendon derived

cells were separately exposed (or not, as for the un-

treated sample) to Sinovial HL or Sinovial Forte (1000

μg/ml). Then cells were simultaneously stained with

FITC-Annexin V (green fluorescence) and the non-vi-

tal dye, Propidium Iodide (red fluorescence), allowing

through a bivariate analysis, the discrimination be-

tween intact cells (Annexix V- PI-), early apoptotic

(Annexix V+ PI-) cells, and late apoptotic (Annexix V+

PI+) and necrotic cells (Annexix V- PI+) (Fig. 3 A). The

treatment of tendon derived cells with 1000 μg/ml

Sinovial HL or Sinovial Forte caused an undetectable

decrease in the percentage of apoptotic population,

as clearly shown in Figure 3 B. Moreover, the per-

centage of viable cells, after a 24 h exposure to

Sinovial HL or Sinovial Forte increased, even if lower

compared to the control (84,58%±2,9%,

81,19%±3,2% and 85,99%±5,2% respectively) (An-

nexix V-, PI-, bottom left quadrant) (Fig. 3 A, Tab. II).

To note, the percentage of viable cells with Sinovial

HL was higher compared to Sinovial Forte at 1000

μg/ml (Fig. 3 B, Tab. II).

Discussion

These results suggest a role of HA on tendon derived

cells proliferation. It was highlighted that Sinovial HL

or Sinovial Forte regulate cell proliferation of tendon

derived cells. All HAPs increased cell-proliferation

mostly after 72 h of exposure. HA modulates a num-

ber of biological process including cell apoptosis. The

results show a reduction of the apoptotic population

when the tendon derived cells were exposed to the

Sinovial HL or the Sinovial Forte. 

Considering the results of this study, the two different

molecular weights of HAPs tested here seemed to do

not exert relevant effects on tendon derived cells in

vitro, while it is clear the fundamental importance of

the loading concentrations and of the timing of expo-
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Figure 3 A, B. The apoptosis occurrence in tendon derived cells. The apoptosis was induced with H2O2  and cells were

treated with Sinovial HL® and Sinovial Forte® (1000 ug/ml). Apoptosis rate of cells in each sample were detected in a popu-

lation of 10,000 cells analyzed by flow cytometry. A) The percentage of apoptotic cells in Sinovial HL® and Sinovial Forte®

do not decrease compared to the control sample (without HA). Flow charts: upper left quadrant Annexin V-negative and PI-

positive cells indicate necrotic cells; upper right quadrant, Annexin V and PI -positive cells represent late apoptotic cells.

lower left quadrant, Annexin V-negative and PI-negative cells indicate viable cells; lower right quadrant, Annexin V positive

and PI-negative cells represent early apoptotic cells. B) % of cells population of viable cells, early apoptotic cells, late apop-

totic cells and necrotic cells. Graph showing the average % of results obtained in 3 independent experiment. No significant

differences were detected (mean ± S.D.; n=3).
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sure. HL is featured by a bimodal molecular weight

profile distribution, with a high and low molecular

weight fractions combined. SF is featured by the

same high molecular weight fraction of HL but is de-

void of the low molecular weight fraction. Despite the

double concentration, within HL the extra content of

HA is of much lower molecular weight23. Cell viability

and proliferation rate increased in all the culture con-

ditions over time. However, SF boosted cell prolifera-

tion and viability at 72 h of culture more significantly.

This stimulation effect was attributed to the presence

of the high molecular weight fraction. Translating

these considerations in the clinical practice, HA are

effective on the human tenocytes of rotator cuff, with

no essential differences among Sinovial HL or

Sinovial Forte commercially available. There are

many biological questions that remain to be an-

swered and translational factors to solve. Although,

this in vitro model shows some role played by HAs on

tendon derived cells, the study has some limitations.

First of all, it is plausible to assume that these results

cannot be generalized for other cells derived from

other sources but tendons. Furthermore the in vitro

environment, rich of nutrients and oxygen, is very dif-

ferent from the pathological environment. Finally,

there is an urgent need to widen the knowledge on

the effects of HAs on the main proteins of the extra-

cellular matrix of tendons.

However, in a clinical view, translating basic knowl-

edge from bench to bedside is still challenging24. In-

deed the conclusions are limited by the only in vitro

evaluation performed on tendon derived cell cultures.

Further investigations are necessary to verify if this

effect could also be observed in animal models. Obvi-

ously, randomizing control studies on the use of HAs

(between low MW HA, high MW HA) in the conserva-

tive treatment of tendinopathies and in selected pa-

tients with rotator cuff tears is mandatory, in order to

understand and clarify the best timing, doses, inter-

vals of injections and, finally, full clinical confirmation

of effectiveness.

Conclusion

In conclusion, HAs induce increase of cells viability

and cell proliferation, decrease of apoptosis of tendon

derived cells in a dose dependent manner but not re-

lated to the molecular weight. Taken together, these

results reinforce the physiological role of HAs in the

homeostasis of tendons and they have implications

for regenerative medicine. 
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