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Abstract
Background: Lateral epicondylitis (LE) is a common musculoskeletal condition. However, the treatment of
LE is still controversial. The present study evaluated the production of in ammatory cytokines by lateral
epicondylitis-derived cells and compared the anti-in ammatory effect of triamcinolone acetonide with
platelet-rich plasma (PRP) on their production in cell culture.
Methods: Third passage cells from primary cultures of lateral epicondylitis were assessed for the
production of the cytokines IL-1β, IL-6, IL-8, IL-10 and TNF-α by immune-enzymatic assay (ELISA), after
treatment with 1, 10 and 100 mM triamcinolone compared to untreated controls at the time points 6, 12,
18, 24, 48, 72 and 96 hours, and to PRP at 48, 72 and 96 hours.
Results: The cytokines IL-6 and IL-8 were produced in high concentrations by lateral epicondylitis cells.
Triamcinolone induced a signi cant decrease in the production of IL-6 and IL-8 at 48, 72 and 96 hours,
and at 12 hours for IL-8. The PRP group produced signi cantly higher levels of IL-8 than the control
group, at 96 hours. There was a signi cant increase in IL-10 production with the use of 100 μM
triamcinolone at 48 hours, compared to controls. The production of IL1-β and TNF-α was very low and did
not change when the cultures were treated with triamcinolone or PRP.
Conclusion: Our results demonstrated that IL-6 and IL-8 plays a role in the pathogenesis of lateral
epicondylitis. Triamcinolone inhibited the production of the production of IL-6 and IL-8 by lateral
epicondylitis-derived cells and PRP induced an increase in IL-8 levels compared to controls.

Introduction
Tennis elbow or lateral epicondylitis (LE) is a common musculoskeletal condition that affects 1–3% of
the adult population [1]. Men and women are equally affected, and it occurs in productive age groups,
between 35 and 50 years of age. As it is a debilitating condition, associated with high morbidity, often
leading to prolonged absence from work. The costs associated with LE are enormous, re ecting on the
loss of productivity at work and health care costs [2].
Traditionally, LE is considered to be the result of recurrent mechanical overuse or overloading at the
lateral elbow whereby the ability of the tendon to repair itself is overwhelmed and ultimately fails.
Subsequently, this leads to microscopic tears of the tendon and an immature, abnormal reparative
response [3].
Mechanical stress on the tendon with a constant frequency, intensity and duration leads to molecular
changes in it, leading to the release of pro-in ammatory cytokines, which can be produced by several cell
types, such as tendon broblasts or even chondrocytes [4, 5]. These cytokines activate intracellular
signalling pathways for the release of in ammatory mediators, which leads to the degradation and
degeneration of the tendon matrix [6, 7]. This continuous degeneration may result from the action of
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in ammatory cytokines and mediated by broblasts in the injured connective tissue itself, even in the
absence of in ammatory cells at the injury site [7, 8].7,8
Among the in ammatory cytokines, the interleukins IL-1β, IL-6, IL-8, IL-10 and TNF-α are the most studied
regarding the development and progression of tendon diseases, as well as in healing and exercise
response [4, 5, 8]. They are released by stromal and immunoregulatory tendon cells in the presence of
tissue damage and mechanical stress, altering the phenotype of local cells [4]. The persistence of chronic
in ammation results in excessive and inadequate production of protein matrix, with consequent brosis
[5].
There is no de ned treatment for LE [9], with a large number of therapeutic options, such as the use of
corticosteroids, which is the most traditional treatment, or platelet-rich plasma (PRP), an autologous
plasma preparation enriched with a higher platelet concentration than is normally contained in whole
blood.
The therapeutic use of PRP is based on the fact that a high concentration of platelets is able to supply
and release supraphysiological amounts of growth factors and cytokines and provide a regenerative
stimulus, leading to repair with a low potential for brosis [10, 11]. The effect of almost all the growth
factors present in PRP is to stimulate the collagen synthesis, angiogenesis and chemotaxis, although
these two latter effects are known to be antagonistic to the desired result in the treatment of LE and other
in ammatory conditions [12]. There are reports that a single injection of PRP is able to keep the patient
without symptoms of LE for up to one year, while the injection of corticosteroids shows the same result in
only 51% of cases [13, 14]. It is assumed that this more long-lasting effect of PRP is due to the
remodelling of new tendon, which can persist and to respond better to mechanical trauma [10].
The present study aimed to evaluate the production of in ammatory cytokines in LE-derived cells in
culture, comparing the effect of two widely used LE treatments, i.e. the classic use of corticosteroids
versus the use of PRP.

Methods
Our Institutional Ethical Committee approved the study protocol (IRB number 2.903.373) and informed
consent was obtained from all donor patients.
This was an in vitro study using cultures of LE-derived cells, obtained from six patients, with mean age of
44.8 years (minimum of 35 years, maximum of 54 years), equally distributed according to sex. The
inclusion criteria were adults with LE diagnosed by clinical and imaging examination (simple radiography
and ultrasound) in phases VI and VII according to the Nirschl clinical classi cation of LE.15 Exclusion
criteria were the presence of other associated orthopaedic or rheumatological diseases and percutaneous
or surgical treatment for LE within less than six months.
The study material was obtained during the surgical procedure to treat the condition. The same surgeon,
following a standard surgical technique, collected all samples.
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Cell culture: Under sterile conditions, in a laminar ow hood, the samples were cut into small fragments of
approximately 1 mm2, which were collected into cell culture asks, containing Dulbecco’s Modi ed Eagle
Medium: Nutrient Mixture F-12 (DMEM/F12) (Gibco, Grand Island, NY, USA) supplemented with 5 mL/L of
TC Minimal Eagle vitamins (Sigma-Aldrich, St. Louis, MO, USA), 0.01 U/ml recombinant human insulin
(Gibco, Grand Island, NY, USA), 15 µg/mL glutathione (Sigma-Aldrich, St. Louis, MO, USA), 100 IU/mL
penicillin, 40 µg/mL gentamicin, 2 µg/mL amphotericin-B (Gibco, Grand Island, NY, USA) and 20% foetal
bovine serum (FBS) (Gibco, Grand Island, NY, USA). The culture asks with the explants were kept in an
incubator at 37ºC, with 5% CO2, in a humid atmosphere.
The supplemented DMEM/F12 nutrient medium with 20% FBS was added every three days, until the
cultures reached semi-con uence, when cells were sub-cultured until the third passage.
PRP preparation
During the surgical procedure, 8.5 mL of peripheral blood was collected by puncture of the anterior cubital
vein of the LE patients, in vacutainer tubes containing sodium citrate as an anticoagulant and
immediately taken for the processing of the PRP, following a previously described protocol for obtaining
leukocyte-poor PRP [16–18]. Samples were frozen at -80oC until use.
Cytokine study
Initially, the MTT (3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide) assay was performed in
order to establish the ideal non-cytotoxic triamcinolone concentrations to be used in the study on
in ammatory cytokines. The analysis of this study showed a decrease in cell viability with the lowest
triamcinolone concentration (0.001 µM), thus this concentration was excluded and concentrations for the
following study were de ned as 0.01, 0.1, 1, 10 and 100 µM (supplementary Fig. 1).
A cytokine kinetic analysis was also carried out to verify the best evaluation times and triamcinolone
concentrations to be used in the study. In this study, the cytokines produced by the PRP group were
measured from 12 to 48 hours, in which an increase in IL-8 levels was veri ed only after 24 hours
(supplementary Fig. 2). Therefore, the study proceeded with the analysis of the PRP group only in later
time points, from 24 to 96 hours.
After these considerations, 5x103 third passage LE cells were seeded in 96-well culture plates and
maintained for 24 hours in a humidi ed incubator at 37oC with 5% CO2 to allow cell adherence. The
triamcinolone group was exposed in triplicate to triamcinolone acetonide at concentrations of 1, 10 and
100 µM (which had led to an effective decrease in the production of cytokines in the previous cytokine
kinetics study). The control group was exposed only to complete nutrient medium. The cultures were kept
in a humidi ed incubator at 37oC with 5% CO2 for 6, 12, 18, 24, 48, 72 and 96 hours. At 48, 72 and 96
hours, the effect of triamcinolone was compared to PRP treatment.
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The supernatant conditioned culture medium, which was in contact with the cells during each time point
after exposure to triamcinolone and PRP, was collected and analysed to determine the concentration of
in ammatory cytokines by enzyme-linked immunosorbent assay (ELISA). Commercially available ELISA
kits (R&D Systems, Minneapolis, MN, USA) were used to quantify IL-1β, IL-6, IL-8, IL-10 and TNF-α levels in
the studied samples. All assays were performed according to the manufacturer’s instructions. Samples in
which cytokine levels were estimated to be below the sensitivity of the assay were set as equal to the
sensitivity of the assay and those with concentrations at levels above standard curve were diluted and reassayed. The assays readers were performed in an ELISA automatic reader (Epoch-BioTek, Winooski, VT,
USA), at wavelength of 492 nm. The concentrations of cytokines in the conditioned culture medium were
calculated on the standard curve obtained with different concentrations of the recombinant human
cytokines of interest and tests were performed to determine the inter- and intra-assay variability.
Statistical analysis
The results were submitted to statistical analysis using the two-way ANOVA test and Sidak multiple
comparisons test, with a signi cance level of 5%, performed using GraphPad Prism 8 software
(GraphPad Software Inc., La Jolla, CA, USA).

Results

Primary cell culture
After 7 days in culture, spindle cells started to migrate from explants, began to proliferate and reached
con uence in an average of 21 days, when they were detached for the rst passage. The cells were
cultured until the third passage, when they were subjected to MTT assays and exposure to triamcinolone
and PRP.

Cytokine study
The cultures from control groups that were not exposed to any of the treatments showed a high
production of IL-6, which rose quickly after 12 hours, requiring dilution up to 1:25 for the detection of
measurable IL-6 levels (Fig. 1). The minimum detectable levels in the IL-6 and IL-8 assays were 143.29
pg/mL, 162.62 pg/mL and zero for IL-10, IL-1β and TNF-α, respectively. Intra and inter-assay variability
remained < 10.0% for all cytokines.
Triamcinolone, at the three studied concentrations, led to a signi cant reduction in IL-6 production by LE
cells after 48 hours (p < 0.05), 72 hours (p < 0.001) and 96 hours (p < 0.0001), compared to controls
(Fig. 2). Comparing triamcinolone to PRP, IL-6 levels were signi cantly lower with the use of triamcinolone
in all concentrations, at 72 hours and 96 hours (p < 0.05 for all concentrations) (Fig. 2). The cultures
exposed to PRP showed no difference in IL-6 production compared to controls.
Regarding the production of IL-8, there was also a signi cant reduction with the use of triamcinolone,
compared to controls at times 12, 48, 72 and 96 hours (p < 0.05 for all concentrations) (Fig. 2). Compared
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to PRP, the production of IL-8 by triamcinolone groups was signi cantly lower than the PRP group, for all
the tested concentrations, at all time points (p < 0.05). The production of IL-8 by the PRP group was
signi cantly higher than the control group (p = 0.01), at the time point 96 hours.
The production of IL-10 showed a signi cant punctual time-dependent increase (p = 0.02) with 100 µM
triamcinolone in 48 hours, in comparison to unexposed controls (Fig. 2). The cytokines IL1-β and TNF-α
showed no signi cant changes comparing to the unexposed controls when the cultures were treated with
triamcinolone or PRP (Fig. 2).

Discussion
Our results demonstrated that cultured LE cells produce IL-6 at increasing levels, even without any
external stimulus, reaching high values after 12 hours. IL-8 was also produced by LE cells, but at lower
levels than with IL-6. When exposed to triamcinolone, these cells showed a signi cant reduction in IL-6
and IL-8 production, compared to unexposed controls and PRP. We also observed that the PRP
signi cantly increased the levels of IL-8 at 96 hours time point, compared to controls.
The present study aimed to compare the traditional treatment, based on corticosteroids, with PRP.
Intralesional steroid injection has the advantage of a low cost, is easily acquirable and has practically no
side effects [19, 20], except the inherent risks related to the injection, which are the same as those for PRP.
PRP is a relatively recent treatment, with high cure rates [13, 21]. However, the response to PRP occurs
only after the sixth month of application, the cost is higher than triamcinolone due to processing [13, 22]
and it requires a -80oC freezer for storage, if not immediately used [18].
The current study found high IL-6 levels produced by the LE cells, possibly related to the development and
progression of this condition, as it is a cytokine involved in tendinopathy in humans [23–25]. IL-6 can
in uence several cell types, with multiple biological actions through its unique receptor system. It usually
acts as a pro-in ammatory cytokine, involved in the positive regulation of in ammatory reactions and in
the pain process, but IL-6 can also act as an anti-in ammatory cytokine depending on the circumstance,
through the activation of its soluble receptors. IL-6 is produced by T-cells, B-cells, monocytes, broblasts,
keratinocytes, endothelial, mesangial cells, adipocytes, some tumour cells and also by tenocytes [8].
LE cells also secreted IL-8, a potent chemokine, also with proven in ammatory involvement in
tendinopathies. IL-8 plays a key role in neutrophil-mediated in ammation, which leads to cartilage
destruction and bone damage [26].
PRP led to an increase in IL-8 levels compared to controls at 96 hours time point, suggesting a proin ammatory effect. Thus, triamcinolone can be considered more effective than PRP in reducing
in ammation in the rst 96 hours of treatment. The use of triamcinolone was effective at the three
studied concentrations, also leading to a reduction in IL-8 levels, when compared to controls and PRP.
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IL-10 showed a signi cant time-dependent punctual increase by 48 hours with 100 µM triamcinolone;
concomitantly, there was also an increase in IL1-β at this time point, which could explain the elevation of
IL-10, since it is an anti-in ammatory cytokine that regulates the intensity of in ammation [27]. It may
have been produced in order to control the rising levels of IL1-β. After this time point (48 hours), IL-1-β
levels gradually decreased. Although this increase in IL1-β was not statistically signi cant, it was
probably able to stimulate the IL-10 production by LE cells.
Despite the superior results of corticosteroids on PRP in reducing the in ammatory cytokines of LE, they
are not exempt from undesirable effects. It has been shown that triamcinolone 0.1 mg/mL leads to a
decrease in the viability of rotator cuff cells when exposed for 7, 14 and 21 days, due to apoptosis [28].
Therefore, treatment with corticosteroids requires caution, and it is not recommended to use it with
repetitions in short time intervals.
The PRP used in the present study was processed according to the protocol for the obtaining leukocytepoor PRP [16, 17], since leukocytes, despite having important functions in tissue repair and providing
protection against infectious agents, also have pro-in ammatory actions and immunological effects that
can result in undesirable and opposing effects in healing, leading to increased in ammation due to proin ammatory cytokines [16, 29]. However, even this PRP preparation caused intense and signi cant
production of IL-8 when compared to controls.
It is known that PRP has in its composition IL-6, IL-8, IL1-β and TNF-α [30, 31]. The development of a PRP
free of pro-in ammatory factors, especially VEGF, could have provided better results [30]. Clinical studies
comparing the use of PRP with triamcinolone con rm our results, with an initial advantage for the
corticosteroid group and gradual improvement for the PRP group, with signi cant improvement in the
PRP group only after six months [32]. However, according to the natural history of LE, it can evolutes with
spontaneous improvement in six months. Another di cult that we found was the lack of standardization
for the PRP production, which makes it di cult to compare with studies in the literature, as PRPs are very
heterogeneous and qualitatively very different, with no strong evidence regarding the ideal preparation,
dosage and e cacy [31, 33, 34].
The late effect of PRP in the treatment of LE, which can be up to six months, also limits the assessment
of the PRP effectiveness, both in in vitro and in vivo studies. In in vitro studies, the maintenance of the
cells in culture after exposure to PRP for up to six months is not feasible, since the cells will lose their
phenotypic characteristics and the senescence of the cultures will invariably result in the loss of
proliferation capacity, followed by apoptosis. In vivo studies also have limitations, due to the possibility
of spontaneous remission of LE in most cases, not allowing for an assessment of whether the cases that
were resolved resulted from the late effect of PRP or if resolution resulted from the natural course of the
disease.

Conclusion
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The present study shows the importance of IL-6 and IL-8 in the pathogenesis of LE, reinforcing the
in ammatory feature of this condition. In addition, our results con rm the anti-in ammatory effect of
triamcinolone, in contrast to that observed with the use of PRP, which triggered an increase in the
production of IL-8 by LE cells in vitro.

Abbreviations
LEE
lateral elbow epicondylitis; PRP:platelet-rich plasma; IL-1β: interleukin-1 beta; IL-6:interleukin-6; IL8:interleukin-8; IL-10:interleukin-10; TNF-α: tumour necrosis factor alpha; PDGF:platelet-derived growth
factor; TGF-β:transforming growth factor beta; VEGF:vascular endothelial growth factor, EGF:epidermal
growth factor; bFGF:basic broblast growth factor; IGF-1:insulin-like growth factor; MTT:3-(4,5dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide).

Declarations
Ethics approval and consent to participate
The study protocol was approved by the Research Ethics Committee of the Botucatu Medical School,
Brazil (ERB # 2.903.373). Informed consent was obtained from all participants.
Consent for publication
Not applicable.
Availability of data and materials
All data generated or analysed during this study are included in this published article.
Competing of interests
The authors declare they have no con icts of interest.
Funding
The study was nancially supported by Sao Paulo State Research Foundation (Fundação de Amparo à
Pesquisa do Estado de São Paulo - FAPESP), under grant #2019/13468-7. The funding organization had
no role in the design or conduct of this research. The funding source had no involvement in the design of
the study, in the collection, analysis and interpretation of data, or in writing the manuscript.
Author contributions
MEMV performed the surgeries and collected the LEE explants; MMHV, CAR, MGS performed the
experiments; MEMV, MMHV, SAS conceived and designed the study; MMHV, CAR performed statistical
analysis; MEMV, MMHV, SAS wrote the manuscript. All authors read and approved the manuscript.
Page 8/13

Acknowledgements
Not applicable.

References
1. De Smeldt T, de Jong A, Leemput WV, Lieven D, Van Glabbeek F. Lateral epicondylitis in tennis:
update on aetiology, biomechanics and treatment. Br J Sports Med. 2007;41:816-9.
2. Walker-Bone K, Palmer KT, Reading I, Coggon D, Cooper C. Occupation and epicondylitis: a
population-based study. Rheumathology. 2012;51:305-10.
3. Bhabra G, Wang A, Ebert JR, Edwards P, Zheng M, Zheng MH. Lateral elbow tendinopathy.
Development of a pathophysiology-based treatment algorithm. Orthop J Sports Med. 2016;4(11):110.
4. Legerlotz K, Jones ER, Screen HR, Riley GP. Increased expression of IL-6 family members in tendon
pathology. 2012;51:1161-1165.
5. Millar NL, Murrell GA, McInnes IB. In ammatory mechanisms in tendinopathy - towards translation.
Nat Rev Rheumatol. 2017;13:110-122.
6. Archambault J, Tsuzaki M, Herzog W, Banes AJ. Stretch and interleukin-1beta induce matrix
metalloproteinases in rabbit tendon cells in vitro. J Orthop Res. 2002;20(1):36-39.
7. Tsuzaki M, Guyton G, Garrett W, Archambault JM, Herzog W, Almekinders L, et al. IL-1b induces COX2,
MMP-1, -3 and -13, ADAMTS-4, IL-1b and IL-6 in human tendon cells. J Orthop Res. 2003;21:256–
264.
8. Morita W, Dakin SG, Snelling SJB, Carr AJ. Cytokines in tendon disease: A systematic review. Bone
Joint Res. 2017;6(12): 656-664. doi:10.1302/2046-3758.612.BJR-2017-0112.R1.
9. Ahmad Z, Siddiqui N, Malik SS, Abdus-Samee M, Tytherleigh-Strong G, Rushton N. Lateral
epicondylitis: a review of pathology and management. Bone Joint J. 2013;95-B:1158-1164.
10. Wu PI, Diaz RF, Borg-Stein J. Platelet-Rich Plasma. Phys Med Rehabil Clin N Am. 2016;27: 825–853.
11. Hudgens JL, Sugg KB, Grekin JA, Gumucio JP, Bedi A, Mendias CL. Platelet-rich plasma activates
proin ammatory signaling pathways and induces oxidative stress in tendon broblasts. Am J Sports
Med. 2016;44(8):1931-1940. doi: 10.1177/0363546516637176.
12. Davis VL, Abukabda AB, Radio NM, Witt-Enderby PA, Clafshenkel WP, Cairone JV, et al. Platelet-rich
preparations to improve healing. Part I: workable options for every size practice. J Oral Implantol.
2014;40(4):500–510.
13. Peerbooms JC, Sluimer J, Bruijn J, Gosens T. Positive effect of an autologous platelet concentrate in
lateral epicondylitis in a double-blind randomized controlled trial. Am J Sports Med. 2010;38(2):255262. doi: 10.1177/0363546509355445.
14. Gosens T, Peerbooms JC, Van Laar W, Den Oudsten BL. Ongoing positive effect of platelet-rich
plasma versus corticosteroid injection in lateral epicondylitis: a double-blind randomized controlled
Page 9/13

trial with 2-year follow-up. Am J Sports Med. 2011;39(6):1200-1208. doi:
10.1177/0363546510397173.
15. Nirshl RP. Tennis elbow. Orthop Clin North Am. 1973;4:787-800.
16. Rubio-Azpeitia E, Bilbao AM, Sánchez P, Delgado D, Andia I. The properties of three different plasma
formulations and their effects on tendinopathic cells. Am J Sports Med. 2016;44(8):1952-1961.
17. Yan R, Gu Y, Ran J, Hu Y, Zheng Z, Zeng M, et al. Intratendon delivery of leukocyte-poor platelet-rich
plasma improves healing compared with leukocyte-rich platelet-rich plasma in a rabbit Achilles
tendinopathy model. Am J Sports Med. 2017;45(8):1909-1920. doi: 10.1177/0363546517694357
18. Greening DW, Simpson R, Sparrow R. Preparation of platelet concentrates for research and
transfusion purposes. Meth Mol Biol. 2017;1519: 31-41.
19. Saccomanni B. Corticosteroid injection for tennis elbow or lateral epicondylitis: a review of the
literature. Curr Rev Musculoskelet Med. 2010; 15;3(1-4):38-40. doi: 10.1007/s12178-010-9066-3.
20. Scherer J. Rainsford KD, Kean CA, Walter F. Pharmacology of intra-articular triamcinolone.
In ammopharmacol. 2014;22(4):201-217. doi: 10.1007/s10787-014-0205-0.
21. Mishra AK, Skrepnik NV, Edwards SG, Jones GL, Sampson S, Vermillion DA, et al. E cacy of plateletrich plasma for chronic tennis elbow: a double-blind, prospective, multicenter, randomized controlled
trial of 230 patients. Am J Sports Med. 2014;42(2):463-471. doi: 10.1177/0363546513494359.
22. Gupta PK, Acharya A, Khanna V, Roy S, Khillan K, Sambandam SN. PRP versus steroids in a deadlock
for e cacy: long-term stability versus short-term intensity-results from a randomised trial.
Musculoskelet Surg. 2020; 104(3):285-294. doi: 10.1007/s12306-019-00619-w.
23. Nakama K, Gotoh M, Yamada T. Interleukin-6-induced activation of signal transducer and activator of
transcription in ruptured rotator cuff tendon. J Int Med Res. 2006;34:624-631.
24. Skutek M, Van Griensven M, Zeichen, Brauer N, Bosch U. Cyclic mechanical stretching enhances
secretion of Interleukin 6 in human tendon broblasts. Knee Surg Sports Traumatol Arthrosc.
2001;9(5):322-326. doi: 10.1007/s001670100217.
25. Schulze-Tanzil G, Al-Sadi O, Wiegand E, Ertel W, Busch C, Kohl B, et al. The role of pro-in ammatory
and immunoregulatory cytokines in tendon healing and rupture: new insights. Scand J Med Sci
Sports. 2011;21(3):337-351. doi:10.1111/j.1600-0838.2010.01265.x.
26. Thilo J, Lodka D, Kohl B, Ertel W, Jammrath J, Conrad C et al. Effect of pro-in ammatory and
immunoregulatory cytokines on human tenocytes. J Orthop Res. 2010;Aug:1071-1077.
27. Fiorentino DF, Zlotnik A, Mosmann TR, Howard M, O’Garra A. IL-10 inhibits cytokine production by
activated macrophages. J Immunol. 1991; 147(11): 3815-3822.
28. Harada Y, Kokubu T, Mifune Y, Inul A, Sakata R, Muto T, et al. Dose and time-dependent effects of
triamcinolone acetonide on human rotador cuff-derived cells. Bone Joint Res. 2014;3:328-334.
29. Zhu Y, Yuan M, Meng HY, Wang AY, Guo QY, Wang Y, et al. Basic science and clinical application of
platelet-rich plasma for cartilage defects and osteoarthritis: a review. Osteoarthritis Cartilage.
2013;21:1627-1637.
Page 10/13

30. Pochini AC, Antonioli E, Bucci DZ, Sardinha LR, Andreoli CV, Ferretti M, et al. Analysis of cytokine
pro le and growth factors in platelet-rich plasma obtained by open systems and commercial
columns. Einstein. 2016;14(3):391-397.
31. Chen X, Jones IA, Park C, Vangsness Jr T. The e cacy of platelet-rich plasma on tendon and
ligament healing. Am J Sports Med. 2018;46(8):2020-2032.
32. Binder AI, Hazleman B. Lateral humeral epicondylitis – A study of natural history and the effect of
conservative therapy. Br J Rheumatol. 1983;22:73-76.
33. Franchini M, Cruciani M, Mengoli C, Marano G, Pupella S, Veropalumbo E, et al. E cacy of plateletrich plasma as conservative treatment in orthopaedics: a systematic review and metaanalysis. Blood Transfusion. 2018;16(16):502-513. doi:10.2450/2018.0111-18.
34. Kwapisz A, Prabhakar S, Compagnoni R, Sibilska A, Randelli P. Platelet-rich plasma for elbow
pathologies: a descriptive review of current literature. Curr Rev Musculoskelet Med. 2018;11(4):598606. doi: 10.1007/s12178-018-9520-1.

Figures

Figure 1
Levels of the cytokines IL-6, IL-8, IL-10, IL1-β and TNF-α in pg/mL produced by control group cultures at 6,
12, 18, 24, 48, 72 and 96 hours in the study on cytokine production kinetics. Levels were determined by
ELISA, without exposure to triamcinolone or PRP. n = 6 donors. IL, interleukin; TNF, tumor necrosis factor.
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Figure 2
IL-6, IL-8, IL-10 and IL1- β levels in pg/mL produced by LE-derived cells exposed to 1, 10 and 100 µM
triamcinolone acetonide (TA), measured at different time points, compared to PRP and controls,
determined by ELISA. TA led to a signi cant decrease in IL-6 and IL-8 levels in all the studied
concentrations, compared to controls and PRP. The production of IL-8 by the PRP group was signi cantly
higher than the control group, at all studied time points. IL-10 levels showed a signi cant punctual
increase with 100 μM triamcinolone at 48 hours, in comparison to controls. IL1-β underwent no
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signi cant changes when the cultures were treated with triamcinolone or PRP. n = 6 donors. IL, interleukin.
*p < 0.05 versus Controls.
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