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Abstract

Background: The pathogenesis and treatment of lateral elbow epicondylitis (LEE) are still controversial. The purpose
of the current study was to evaluate the production of inflammatory cytokines by LEE-derived cells and to compare
the anti-inflammatory effect of triamcinolone acetonide with platelet-rich plasma (PRP) on cytokines production in
primary culture of these cells.

Methods: Third passage cells from primary cultures of LEE were assessed for the production of the cytokines IL-1(,
IL-6, IL-8, IL-10 and TNF-a by immune-enzymatic assay (ELISA), after the treatment with 1, 10 and 100 uM triamci-
nolone compared to no treated controls at the time points 6, 12, 18, 24,48, 72 and 96 h, and to PRP at 48, 72 and 96 h.

Results: The cytokines IL-6 and IL-8 were produced in high concentrations by LEE cells. One, 10 and 100 uM triamci-
nolone induced significant decrease in the production of IL-6 and IL-8 at 48, 72 and 96 h, adding the time point 12 h
for IL-8. Compared to controls, PRP caused a significant increase in the production of IL-6 and IL-8 and there was a sig-
nificant increase in IL-10 production with the use of 100 uM triamcinolone at 48 h. The production of IL1-3 and TNF-a

pared with controls.

was very low and did not change when the cultures were treated with triamcinolone or PRP.

Conclusion: LEE-derived cells produce IL-6 and IL-8, confirming the inflammatory nature of this condition. While
triamcinolone inhibited the production of IL-6 and IL-8 by LEE cells, PRP induced an increase in these cytokines com-
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Introduction

Tennis elbow or lateral elbow epicondylitis (LEE) is a
common musculoskeletal condition that affects 1% to
3% of the adult population [1, 2]. Men and women are
equally affected, occurring in productive age groups,
between 35 and 50 years. As it is a debilitating condi-
tion, associated with high morbidity, often leading to
prolonged absence from work, the costs associated with
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LEE are enormous, reflecting on the loss of productivity
at work and with health care costs [3].

The pathogenesis of LEE is still controversial. Cur-
rently, it has even been suggested that LEE is a multi-fac-
torial process with specific alterations of the psychosocial
sphere [4]. Although LEE was initially considered a tend-
initis, caused by tendon inflammation [5, 6], LEE had its
nomenclature changed to angio-fibroblastic tendinosis,
since the histopathologic examination showed that the
lesion is characterized by the presence of a dense popula-
tion of fibroblasts, vascular hyperplasia, and disorganized
collagen with few inflammatory cells [7-9].
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The mechanical stress on the tendon with a constant
frequency, intensity and duration leads to morphologi-
cal and molecular changes in the fibrous connective tis-
sue, releasing pro-inflammatory cytokines produced
by several cell types, such as tendon fibroblasts or even
chondrocytes. These cytokines activate the intracellular
signaling pathways for the release of inflammatory medi-
ators, which will act on the degradation and degeneration
of the tendon matrix [9-11]. Therefore, this continuous
degeneration may result from the action of the inflam-
matory cytokines mediated by the fibroblasts from the
injured connective tissue itself, even in the absence of
inflammatory cells at the injury site [12—15].

Among the inflammatory cytokines, the interleukins
IL-1B, IL-6, IL-8, IL-10 and TNF-a are the most studied
regarding the development and progression of tendon
diseases, as well as in healing and exercise response [16—
18], being released by stromal and immunoregulatory
tendon cells in presence of tissue damage and mechanical
stress, altering local cells phenotype [17]. The persistence
of chronic inflammation results in excessive and inad-
equate production of protein matrix, with consequent
fibrosis [18].

IL-6 is produced by tenocytes and other cells as T-cells,
B-cells, monocytes, fibroblasts, keratinocytes, endothe-
lial, mesangial cells, adipocytes, some tumor cells [16]
and can influence several cell processes, with multiple
biological actions. IL-6 usually acts as a pro-inflam-
matory cytokine, involved in the positive regulation of
inflammatory reactions and in the pain process. How-
ever, IL-6 can also act as an anti-inflammatory cytokine,
through the activation of its soluble receptors.

IL-8 is also a potent chemokine, with a key role in neu-
trophil-mediated inflammation, which leads to the carti-
lage destruction and bone damage [16].

Nowadays, there is no defined treatment for LEE [19],
with a large number of therapeutic options, such as corti-
costeroids injection, which is the most common conserv-
ative management, or platelet-rich plasma (PRP).

PRP is an autologous plasma preparation enriched with
a higher platelet concentration than is normally con-
tained in whole blood and its therapeutic use is based on
the fact that a high concentration of platelets would be
able to supply and release supraphysiological amounts
of growth factors and cytokines to provide a regenera-
tive stimulus, leading to the repair with low potential of
fibrosis. The effect of almost all these growth factors pre-
sent in PRP is to stimulate the collagen synthesis, angio-
genesis and chemotaxis, although these two latter effects
are known to be antagonistic to the desired result in the
treatment of LEE and other inflammatory conditions.
There are reports that a single injection of PRP is able
to keep the patient without symptoms of LEE for up to
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one year, while the injection of corticosteroids shows the
same result in only 51% of cases [20, 21]. It is assumed
that this more long lasting effect of PRP would be due to
the remodeling of a new tendon, which can to persist and
to respond better to the mechanical trauma [22]. There-
fore, the best treatment for LEE remains undefined [23].

The present study aimed to evaluate the production
of inflammatory cytokines in the supernatant of LEE-
derived cells in primary culture, comparing the effect of
two widely used LEE treatments, the classic use of corti-
costeroids versus the use of PRP.

Methods
Our Institutional Ethical Committee approved the study
protocol and informed consent was obtained from all the
donor patients. This was an in vitro study using cultures
of LEE-derived cells, established from six tissue samples
from unrelated 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 LEE diagnosed by clinical and imaging exam-
ination (simple radiography and ultrasound) in phases VI
and VII according to Nirschl clinical classification of LEE
[5]. Exclusion criteria were the presence of other associ-
ated orthopedic or rheumatological diseases and per-
cutaneous or surgical treatment for LEE with less than
six months. The patients were not using oral therapy of
NSAID or steroids, only physiotherapy and analgesics.
The biological tissue samples were obtained during the
surgical procedure to treat the condition. The same sur-
geon, following standard surgical technique, collected all
samples.

Cell culture

Under sterile conditions, in the laminar flow hood, the
tissue samples were cut into small fragments of approxi-
mately 1mm?, which were collected into cell culture
flasks, containing Dulbecco’s Modified Eagle Medium:
Nutrient Mixture F-12 (DMEM/F12) (Gibco, Grand
Island, NY, USA) supplemented with 5 mL/L of TC Mini-
mal Eagle vitamins (Sigma-Aldrich, St. Louis, MO, USA),
0.01 U/ml recombinant human insulin (Gibco, Grand
Island, NY, USA), 15 pg/mL Glutathione (Sigma-Aldrich,
St. Louis, MO, USA), 100 IU/mL Penicillin, 40 pg/mL
Gentamicin, 2 pg/mL Amphotericin-B (Gibco, Grand
Island, NY, USA) and 20% fetal bovine serum (FBS)
(Gibco, Grand Island, NY, USA). The culture flasks with
the explants were kept in an incubator at 37°C, with 5%
CO,, in humid atmosphere.

The supplemented DMEM/F12 nutrient medium with
20% FBS was added every three days, until the cultures
reach the semi-confluence, when cells were sub-cultured
until the third passage.
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PRP preparation

During the surgical procedure, 8.5 mL of peripheral
blood was collected by puncture of the anterior cubital
vein of the LEE patients, in vacutainer tubes containing
sodium citrate as anticoagulant and immediately taken
for the processing of the PRP, following the previously
described protocol for the obtaining of leukocyte-poor
PRP [22, 24], which were frozen at — 80 °C until use.

Cytokine study

Initially, the cell viability was evaluated using the MTT
(3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium
bromide) assay that was performed to identify the tri-
amcinolone ideal non-cytotoxic concentrations to be
used in the study of the inflammatory cytokines (Addi-
tional file 1: Fig. S1). The cytokine kinetics analysis was
also carried out to verify the best evaluation times and
triamcinolone concentrations to be used in the study
(Additional file 2: Fig. S2). After these preliminary
experiments, 5x 10 third passage LEE-derived cells
were seeded in 96-well culture plates and maintained
for 24 h in humidified incubator at 37 °C with 5% CO,
to allow their adherence. The triamcinolone group was
exposed in triplicates to triamcinolone acetonide in
concentrations of 1, 10 and 100 uM (which had led to
an effective decrease in the production of cytokines
in the previous cytokines kinetics study). The control
group was exposed only to complete nutrient medium.
The cultures were kept in humidified incubator at 37 °C
with 5% CO, for 6, 12, 18, 24, 48, 72 and 96 h. At times
48, 72 and 96 h, the effect of triamcinolone was com-
pared to the PRP treatment.

The supernatant conditioned culture medium, which
was in contact to the cells during each time point after
exposure to triamcinolone, PRP and control group were
collected and analyzed to determine the concentration
of secreted inflammatory cytokines by enzyme-linked
immunosorbent assay (ELISA). Commercially available
ELISA kits (R&D Systems, Minneapolis, MN, USA) were
used to quantify IL-1p, IL-6, IL-8, IL-10 and TNF-« lev-
els in the culture supernatant. 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 sensitiv-
ity of the assay and those with concentrations at levels
above standard curve were diluted and re-assayed. The
assays readers were performed in an ELISA automatic
reader (Epoch-BioTek, Winooski, VT, USA), at wave-
length 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
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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 compari-
sons test, with a significance level of 5%, performed by
the GraphPad Prism 8 software (GraphPad Software Inc,
LaJolla, CA, USA).

Results

Primary cell culture: After 7 days in culture, spindle cells
started to migrate from explants, began to proliferate
and reached confluence with an average of 21 days, when
they were detached for the first passage. The cells were
sub-cultured until the third passage, when they were sub-
jected to viability assay 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 quickly rose after 12 h,
requiring dilution up to 1:25 for the detection of measur-
able IL-6 levels (Fig. 1). The minimum detectable levels
in the IL-6 and IL-8 assays were, respectively, 143.29 pg/
mlL, 162.62 pg/mL and zero for IL-10, IL-1p and TNF-a.
Intra- and inter-assay variability remained <10.0% for all
cytokines.

Triamcinolone, in the three studied concentrations, led
to a significant reduction in IL-6 production by LEE cells
after 48 h (p<0.05), 72 h (*»<0.05 for 1 and 10 uM and
*p<0.01 for 100 uM) and 96 h (*p<0.01), compared to
controls (Fig. 2). Comparing triamcinolone to PRP, IL-6
levels were significantly lower with the use of triamci-
nolone in all concentrations, at 72 h (*»<0.05) and 96 h
(*p<0.05). The cultures exposed to PRP produced IL-6
at significantly higher levels than controls at 72 and 96 h
(*p<0.05) (Fig. 2).

Regarding the production of IL-8, there was also a sig-
nificant reduction with the use of triamcinolone, com-
pared to controls at times 12 h (*p <0.05), 48 h (*p <0.05),
72 h (**p<0.01 for 1, 10 and 100 uM) and 96 h (**p<0.01
for 1 uM and (*p <0.05 for 10 uM) (Fig. 2). Compared to
PRP, the production of IL-8 by triamcinolone groups was
significantly lower (*p <0.05) than the PRP group, for all
the tested concentrations, at all time points (48, 72 and
96 h). The production of IL-8 by PRP group was signifi-
cantly higher (*p<0.05) than the control group, at all
studied time points (48, 72 and 96 h).

The production of IL-10 showed a significant punc-
tual increase (p=0.02) with 100 uM triamcinolone in
48 h, in comparison with unexposed controls (Fig. 2).
The cytokines IL1-f and TNF-a showed no significant
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changes comparing to the unexposed controls when the
cultures were treated with triamcinolone or PRP (Fig. 2).

Discussion

Our results demonstrated that LEE-derived cells pro-
duced IL-6 at increasing levels, even without any external
stimulus, reaching high values after 12 h. IL-8 was also
produced by these cells, but at lower levels than IL-6.
When exposed to triamcinolone, these cells showed a sig-
nificant reduction in IL-6 and IL-8 production, compared
to PRP and unexposed controls. We also observed that
the PRP increased the levels of inflammatory cytokines
within the entire studied period.

The present study aimed to compare the traditional
treatment, based on corticosteroids, with one of the most
modern treatment, using PRP. The intralesional steroid
injection has the advantage of the low cost, easily acquir-
able and has practically no side effects [25-27], 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 [20, 27]. However, the response to PRP occurs
only after the sixth month of application, the cost is
higher than triamcinolone due to processing [20, 28] and
requires the storage at ultra-lower freezers (—80 °C), if
not immediately used [29].

The current study found high IL-6 levels produced by
the LEE-derived cells, possibly related to the develop-
ment and progression of this condition, as it is a cytokine
involved in tendinopathy in humans [30-32]. IL-8
was the second most secreted cytokine by LEE cells, a
cytokine with also proven inflammatory involvement in
tendinopathies [33, 34].

PRP led to an increase in IL-6 and IL-8 levels com-
pared to controls, suggesting a pro-inflammatory effect.
Thus, triamcinolone can be considered more effective

than PRP in reducing inflammation in the first 96 h of
treatment. The use of triamcinolone was effective in the
three studied concentrations, also leading to a reduc-
tion in IL-8 levels, when compared to controls and PRP.

IL-10 showed a significant punctual increase in time
48 h with 100 uM of triamcinolone and, concomitantly,
there was also an increase in IL1-f in this same evalu-
ation time, which could justify the elevation of IL-10,
since this is an anti-inflammatory cytokine, that regu-
lates the inflammation intensity [35], which was pos-
sibly produced in order to control the rising levels of
IL1-B. After this time point 48 h, IL-1-f levels gradu-
ally decreased. Although this increase in IL1-f was not
statistically significant, it probably was able to stimulate
the IL-10 production by LEE cells.

Despite the superior results of corticosteroids on PRP
in reducing the inflammatory cytokines of LEE, they
are not exempt from undesirable effects. It was already
proven that triamcinolone 0.1 mg/mL led to a decrease
in the viability of rotator cuff cells when exposed dur-
ing 7, 14, and 21 days, due to apoptosis [36]. Therefore,
the treatment with corticosteroids injection needs cau-
tion, being recommended not 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 of leuko-
cyte-poor PRP [24], since leukocytes, despite having
important functions in tissue repair and providing pro-
tection against infectious agents, also have pro-inflam-
matory actions and immunological effects which can
result in undesirable and opposed effects in healing,
leading to an increased inflammation due to the pro-
inflammatory cytokines [37, 38]. However, even this
PRP preparation caused intense and significant pro-
duction of IL-6 and IL-8 cytokines when compared to
controls.
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It is known that PRP has in its composition IL-6,
IL-8, IL1-p and TNF-a [38, 39]. The development of a
PRP free of pro-inflammatory factors, especially VEGE,
could have better results [39]. Clinical studies com-
paring the use of PRP with triamcinolone confirm our
results, with an initial advantage for the corticosteroid
group and gradual improvement for the PRP group, with

significant improvement in the PRP group only after six
months [27]. However, according to the natural history
of LEE, it can evolute with spontaneous improvement in
six months. Another difficulty is the lack of standardiza-
tion for the PRP production, which makes it difficult to
compare the literature studies, as PRPs are very hetero-
geneous and qualitatively very different, with no strong
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evidence on the ideal preparation, dosage and efficacy.
Given the lack of large phase II to IV trials, the effective-
ness of PRP in the management of tendinopathy is not
definitely proven [23, 40, 41].

Taking all these points into account, a strong point of
the present in vitro study was the opportunity to work
with the similar cells and submit them to the two treat-
ments, without the influence of external factors or
patient variation.

A limitation of the present study is the sample size, with
cytokine measures based on primary cultures obtained
from only six unrelated patients, resulting in limited cell-
cycle divisions and expansion capacity. However, our pri-
mary cell cultures showed normal cell morphology and
maintained many of the biological and functional fea-
tures observed in vivo [42], proving that our findings are
relevant.

The late effect of PRP in the treatment of LEE, which
can be up to six months, also limits the assessment of the
PRP effectiveness, both in in vitro and in vivo studies. A
limitation of in vitro studies is the maintenance of the
cells in culture after exposure to PRP that is not feasible
for up to six months, since the cells will lose their phe-
notypic characteristics and the senescence of the cultures
will invariably result in the loss of proliferation capacity,
followed by apoptosis. However, the in vivo studies also
have limitations, due to the possibility of spontaneous
remission of LEE in most cases, not allowing to assess
whether the cases that were resolved resulted from the
late effect of PRP or if their resolutions resulted from the
natural course of the disease.

Conclusion

The present study shows the importance of IL-6 and IL-8
in the pathogenesis of LEE, reinforcing the inflammatory
feature of this condition. In addition, our results confirm
the anti-inflammatory effect of triamcinolone, the oppo-
site to that observed with the use of PRP, which triggered
an increase in the cytokines IL-6 and IL-8 LEE-derived
cells in vitro.

Abbreviations

LEE: Lateral elbow epicondylitis; PRP: Platelet-rich plasma; IL-1(: Interleukin 1
beta; IL-6: Interleukin 6; IL-8: Interleukin 8; IL-10: Interleukin 10; TNF-a: Tumor
necrosis factor alpha; PDGF: Platelet-derived growth factor; TGF-B: Trans-
forming growth factor beta; VEGF: Vascular endothelial growth factor; EGF:
Epidermal growth factor; bFGF: Basic fibroblast growth factor; IGF-1: Insulin-
like growth factor; MTT: 3-(4,5-Dimethylthiazolyl-2)-2, 5-diphenyltetrazolium
bromide).

(2022) 17:94

Page 6 of 8

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513018-022-02990-0.

Additional file 1. Figure S1 Representative quantification of the MMT
assay, with the distribution of cell viability according to triamcinolone
concentrations, at 24, 48, 72 and 96 hours after exposure. *p < 0.05

Additional file 2. Figure S2 Kinetics of IL-6 and IL-8 production by LEE
cells after exposure to triamcinolone, PRP and controls, determined by
ELISA assay

Acknowledgements
Not applicable.

Authors’ contributions

MEMV performed the surgeries and collected the LEE explants; MMHV, CAR,
MGS performed the experiments; MEMV, MMHV, SAS conceived and designed
the study; MMHYV, CAR performed statistical analysis; MEMV, MMHYV, CAR, SAS
wrote the manuscript. All authors read and approved the manuscript.

Funding

The study was financially supported by Sao Paulo State Research Foundation
(Fundacéo de Amparo a Pesquisa do Estado de Sao 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 and collection, analysis, and interpretation of data and in
writing the manuscript.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article.

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.

Competing of interests
The authors declare they have no conflicts of interests.

Author details

'Department of Orthopedics and Traumatology, School of Medicine of Botu-
catu, S30 Paulo State University — UNESP, Botucatu, SP, Brazil. 2Department

of Ophthalmology, School of Medicine of Botucatu, Sao Paulo State University
— UNESP, Botucatu, SP 18618-970, Brazil. *Department of Pathology, School

of Medicine of Botucatu, Sdo Paulo State University — UNESP, Botucatu, SP, Bra-
zil. “Department of Chemical and Biological Sciences, Institute of Biosciences
of Botucatu, Sdo Paulo State University — UNESP, Botucatu, SP, Brazil.

Received: 12 March 2021 Accepted: 3 February 2022
Published online: 15 February 2022


https://doi.org/10.1186/s13018-022-02990-0
https://doi.org/10.1186/s13018-022-02990-0

de Melo Viveiros et al. Journal of Orthopaedic Surgery and Research

References

1.

20.

De Smeldt T, de Jong A, Leemput WYV, Lieven D, Van Glabbeek F. Lateral
epicondylitis in tennis: update on aetiology, biomechanics and treat-
ment. BR J Sports Med. 2007;41:816-9. https://doi.org/10.1136/bjsm.
2007.036723.

Shiri R, Viikari-Juntara E. Lateral epicondylitis: role of occupational factors.
Best Pract Res Clin Rheumatol. 2011,25:43-57. https://doi.org/10.1016/j.
berh.2011.01.013.

Walker-Bone K, Palmer KT, Reading I, Coggon D, Cooper C. Occupa-
tion and epicondylitis: a population-based study. Rheumathology.
2012;51:305-10. https://doi.org/10.1093/rheumatology/ker228.

Di Filippo L, Pennella L, Maselli F, Arrigoni P. Research proposal of a new
clinic model for the interpretation of lateral elbow pain: is it time to
change? MLTJ. 2020;10(1):57-66. https://doi.org/10.32098/mltj.01.2020.
07.

Nirshl RP. Tennis elbow. Orthop Clin North Am. 1973;4:787-800. https://
doi.org/10.1016/50030-5898(20)32351-8.

Shariff K, Bishai SK, Plancher KD. The basis science of lateral epicondylosis:
update for the future. Tech Orthop. 2006;21:250-5. https://doi.org/10.
1097/01.bt0.0000252115.76643.78.

Nirschl RP, Ahman ES. Elbow tendinophathy: tennis elbow. Clin Sports
Med. 2003;22(4):813-36. https://doi.org/10.1016/50278-5919(03)00051-6.
Kannus P. Structure of the tendon connective tissue. Scand J Med Sci
Sports. 2000;10(6):312-20. https://doi.org/10.1034/j.1600-0838.2000.
010006312.x.

Doran A, Gresham GA, Rushton N, Watson C. Tennis elbow: a clinico-
pathologic study of 22 cases followed for 2 years. Acta Orthop Scand.
1990;61:535-8. https://doi.org/10.3109/17453679008993577.
Archambault J, Tsuzaki M, Herzog W, Banes AJ. Stretch and interleukin-
Tbeta induce matrix metalloproteinases in rabbit tendon cells in vitro.

J Orthop Res. 2002;20(1):36-9. https://doi.org/10.1016/50736-0266(01)
00075-4.

. Tsuzaki M, Guyton G, Garrett W, Archambault JM, Herzog W, Almekinders

L. IL-1b induces COX2, MMP-1, -3 and -13, ADAMTS-4, IL-1b and IL-6 in
human tendon cells. J Orthop Res. 2003;21:256-64. https://doi.org/10.
1016/50736-0266(02)00141-9.

Tsuzaki M, Bynum D, Almekinders L, Yang X, Faber J, Banes AJ. ATP
modulates load-inducible IL.-1beta, COX 2, and MMP-3 gene expression in
human tendon cells. J Cell Biochem. 2003;89(3):556-62. https://doi.org/
10.1002/jcb.10534.

MacNaul KL, Chartrain N, Lark M, Tocci MJ, Hutchinson NI. Discoordinate
expression of stromelysin, collagenase, and tissue inhibitor of metal-
loproteinases-1 in rheumatoid human synovial fibroblasts. Synergistic
effects of interleukin-1 and tumor necrosis factor alpha on stromelysin
expression. J Biol Chem. 1990;265:17238-45. https://doi.org/10.1016/
50021-9258(17)44894-0.

Murphy G, Reynolds JJ, Werb Z. Biosynthesis of metalloproteinases by
human fibroblasts in culture. Stimulation by 12-Otetradecanoylphorbol
13-acetate and interleukin 1 in parallel with collagenase. J Biol Chem.
1985;260: 3079-83. https://doi.org/10.1016/50021-9258(18)89475-3.
Newton RC, Covington M. The activation of human fibroblast prosta-
glandin E production by interleukin 1. Cell Immunol. 1987;110:338-49.
https://doi.org/10.1016/0008-8749(87)90127-4.

Morita W, Dakin SG, Snelling SJB, Carr AJ. Cytokines in tendon disease: a
systematic review. Bone Joint Res. 2017;6(12):656-64. https://doi.org/10.
1302/2046-3758.612.bjr-2017-0112.r1.

Legerlotz K, Jones ER, Screen HR, Riley GP. Increased expression of IL.-6
family members in tendon pathology. Rheumatology. 2012;51:1161-5.
https://doi.org/10.1093/rheumatology/kes002.

Millar NL, Murrell GA, McInnes IB. Inflammatory mechanisms in tendi-
nopathy—towards translation. Nat Rev Rheumatol. 2017;13:110-22.
https://doi.org/10.1038/nrrheum.2016.213.

Ahmad Z, Siddiqui N, Malik SS, Abdus-Samee M, Tytherleigh-Strong G,
Rushton N. Lateral epicondylitis: a review of phathology and manage-
ment. Bone Joint J. 2013;95-B:1158-64. https://doi.org/10.1302/0301-
620x.9509.29285.

Peerbooms JC, Sluimer J, Bruijn J, Gosens T. Positive effect of an autolo-
gous platelet concentrate in lateral epicondylitis in a double-blind
randomized controlled trial. Am J Sports Med. 2010,38(2):255-62. https://
doi.org/10.1177/0363546509355445.

(2022) 17:94

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

Page 7 of 8

Andia |, Maffulli N. A contemporary view of platelet-rich plasma therapies:
moving toward refined clinical protocols and precise indications. Regen
Med. 2018;13(6):717-28. https://doi.org/10.2217/rme-2018-0042.

Wu PI, Diaz RF, Borg-Stein J. Platelet-rich plasma. Phys Med Rehabil Clin N
Am. 2016;27:825-53. https://doi.org/10.1016/j.pmr.2016.06.002.

Aicale R, Bisaccia RD, Oliviero A, Oliva F, Maffulli N. Current pharmacologi-
cal approaches to the treatment of tendinopathy. Expert Opin Pharmaco-
ther. 2020;21(12):1467-77. https://doi.org/10.1080/14656566.2020.17633
06.

Yan R, GuY,Ran J, HuY, 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):1909-20. https://doi.org/10.1177/
0363546517694357.

Stein |, Stein RO, Beller ML. Hydrocortisone in tennis elbow. Am J Surg.
1953;86(1):123-4. https://doi.org/10.1016/0002-9610(53)90314-6.
Nevelds AB. The treatment of tennis elbow with triamcinolone acetonide.
Cur Med Res Opinion. 1980;6(7):507-9. https://doi.org/10.1185/03007
998009109477.

Binder Al, Hazleman B. Lateral humeral epicondylitis—a study of

natural history and the effect of conservative therapy. Br J Rheumatol.
1983,22:73-6. https://doi.org/10.1093/rheumatology/22.2.73.

Gupta GK, Acharya A, KhannaV, Roy S, Khillan K, Sambandam SN. PRP
versus steroids in a deadlock for efficacy: long-term stability versus short-
term intensity—results from a randomised trial. Musculoskelet Surg.
2020;104(3):285-94. https://doi.org/10.1007/512306-019-00619-w.
Greening DW, Simpson R, Sparrow R. Preparation of platelet concentrates
for research and transfusion purposes. Meth Mol Biol. 2017;1519:31-41.
https://doi.org/10.1007/978-1-4939-7057-5_3.

Nakama K, Gotoh M, Yamada T. Interleukin-6-induced activation of signal
transducer and activator of transcription in ruptured rotator cuff tendon.
JInt Med Res. 2006;34:624-31. https://doi.org/10.1177/147323000603400
607.

Skutek M, Van Griensven M, Zeichen J. Cyclic mechanical stretching
enhances secretion of interleukin 6 in human tendon fibroblasts. Knee
Surg Sports Traumatol Arthrosc. 2001,9:322-6. https://doi.org/10.1007/
s001670100217.

Schulze-Tanzil G, Al-Sadi O, Wiegand E, Ertel W, Busch C, Kohl B, et al. The
role of pro-inflammatory and immunoregulatory cytokines in tendon
healing and rupture: new insights. Scand J Med Sci Sports. 2011;21:337-
51. https://doi.org/10.1111/j.1600-0838.2010.01265 X.

Thilo J, Lodka D, Kohl B, Ertel W, et al. Effect of pro-inflammatory and
immunoregulatory cytokines on human tenocytes. J Orthop Res.
2010;28(8):1071-7. https://doi.org/10.1002/jor.21079.

Bigoni M, Turati M, Gandolla M, Sacerdote P, Piatti M, Castelnuovo A, et al.
Effects of ACL reconstructive surgery on temporal variations of cytokine
levels in synovial fluid. Mediators Inflamm. 2016;2016:8243601. https://
doi.org/10.1155/2016/8243601.

Fiorentino DF, Zlotnik A, Mosmann TR, Howard M, O'Garra A. IL-10
inhibits cytokine production by activated macrophages. J Immunol.
1991;147(11):3815-22.

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. 2014,3:328-34. https://doi.org/10.1302/
2046-3758.312.2000321.

Rubio-Azpeitia E, Bilbao AM, Sdnchez P, Delgado D, Andia I. The proper-
ties of 3 different plasma formulations and their effects on tendinopathic
cells. Am J Sports Med. 2016;44(8):1952-61. https://doi.org/10.1177/
0363546516643814.

ZhuY, 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;21:1627-37. https://
doi.org/10.1016/j,joca.2013.07.017.

Pochini AC, Antonioli E, Bucci DZ, Sardinha LR, Andreoli CV, Ferretti M,

et al. Analysis of cytokine profile and growth factors in platelet-rich
plasma obtained by open systems and commercial columns. Einstein.
2016;14(3):391-7. https://doi.org/10.1590/51679-45082016a03548.

Chen X, Jones IA, Park C, Vangsness T Jr. The efficacy of platelet-

rich plasma on tendon and ligament healing. Am J Sports Med.
2018;46(8):2020-32. https://doi.org/10.1177/0363546517743746.


https://doi.org/10.1136/bjsm.2007.036723
https://doi.org/10.1136/bjsm.2007.036723
https://doi.org/10.1016/j.berh.2011.01.013
https://doi.org/10.1016/j.berh.2011.01.013
https://doi.org/10.1093/rheumatology/ker228
https://doi.org/10.32098/mltj.01.2020.07
https://doi.org/10.32098/mltj.01.2020.07
https://doi.org/10.1016/S0030-5898(20)32351-8
https://doi.org/10.1016/S0030-5898(20)32351-8
https://doi.org/10.1097/01.bto.0000252115.76643.78
https://doi.org/10.1097/01.bto.0000252115.76643.78
https://doi.org/10.1016/s0278-5919(03)00051-6
https://doi.org/10.1034/j.1600-0838.2000.010006312.x
https://doi.org/10.1034/j.1600-0838.2000.010006312.x
https://doi.org/10.3109/17453679008993577
https://doi.org/10.1016/S0736-0266(01)00075-4
https://doi.org/10.1016/S0736-0266(01)00075-4
https://doi.org/10.1016/s0736-0266(02)00141-9
https://doi.org/10.1016/s0736-0266(02)00141-9
https://doi.org/10.1002/jcb.10534
https://doi.org/10.1002/jcb.10534
https://doi.org/10.1016/s0021-9258(17)44894-0
https://doi.org/10.1016/s0021-9258(17)44894-0
https://doi.org/10.1016/s0021-9258(18)89475-3
https://doi.org/10.1016/0008-8749(87)90127-4
https://doi.org/10.1302/2046-3758.612.bjr-2017-0112.r1
https://doi.org/10.1302/2046-3758.612.bjr-2017-0112.r1
https://doi.org/10.1093/rheumatology/kes002
https://doi.org/10.1038/nrrheum.2016.213
https://doi.org/10.1302/0301-620x.95b9.29285
https://doi.org/10.1302/0301-620x.95b9.29285
https://doi.org/10.1177/0363546509355445
https://doi.org/10.1177/0363546509355445
https://doi.org/10.2217/rme-2018-0042
https://doi.org/10.1016/j.pmr.2016.06.002
https://doi.org/10.1080/14656566.2020.1763306
https://doi.org/10.1080/14656566.2020.1763306
https://doi.org/10.1177/0363546517694357
https://doi.org/10.1177/0363546517694357
https://doi.org/10.1016/0002-9610(53)90314-6
https://doi.org/10.1185/03007998009109477
https://doi.org/10.1185/03007998009109477
https://doi.org/10.1093/rheumatology/22.2.73
https://doi.org/10.1007/s12306-019-00619-w
https://doi.org/10.1007/978-1-4939-7057-5_3
https://doi.org/10.1177/147323000603400607
https://doi.org/10.1177/147323000603400607
https://doi.org/10.1007/s001670100217
https://doi.org/10.1007/s001670100217
https://doi.org/10.1111/j.1600-0838.2010.01265.x
https://doi.org/10.1002/jor.21079
https://doi.org/10.1155/2016/8243601
https://doi.org/10.1155/2016/8243601
https://doi.org/10.1302/2046-3758.312.2000321
https://doi.org/10.1302/2046-3758.312.2000321
https://doi.org/10.1177/0363546516643814
https://doi.org/10.1177/0363546516643814
https://doi.org/10.1016/j.joca.2013.07.017
https://doi.org/10.1016/j.joca.2013.07.017
https://doi.org/10.1590/s1679-45082016ao3548
https://doi.org/10.1177/0363546517743746

de Melo Viveiros et al. Journal of Orthopaedic Surgery and Research (2022) 17:94 Page 8 of 8

41. Franchini M, Cruciani M, Mengoli C, Marano G, Pupella S, Veropalumbo
E, et al. Efficacy of platelet-rich plasma as conservative treatment in
orthopaedics: a systematic review and meta-analysis. Blood Transfus.
2018;16(16):502-13. https://doi.org/10.2450/2018.0111-18.

42. Pastor DM, Poritz LS, Olson TL, et al. Primary cell lines: false repre-
sentation or model system? A comparison of four human colorectal
tumors and their coordinately established cell lines. Int J Clin Exp Med.
2010;3(1):69-83.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.2450/2018.0111-18

	In vitro effect of triamcinolone and platelet-rich plasma on cytokine levels of elbow lateral epicondylitis-derived cells
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Cell culture
	PRP preparation
	Cytokine study
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


