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Abstract

Background Platelet-rich plasma therapies for

tendinopathy appear to provide moderate pain reduction.

However, the biological mechanisms behind the observed

clinical effects remain poorly characterized.

Questions/purposes The purpose of this study was to

explore whether platelet-rich plasma modifies the inflam-

matory/angiogenic status of already inflamed tenocytes by

examining (1) gene expression; (2) modulation of chemo-

kine and interleukin secretion; and (3) differences between

healthy and tendinopathic tenocytes.

Methods Cells from both healthy and tendinopathic ten-

dons were exposed to interleukin (IL)-1ß and after treated

with platelet-rich plasma. Modifications in the expression

of selected genes were assessed by real-time reverse tran-

scription-polymerase chain reaction and changes in

secretion of angiogenic/inflammatory molecules by en-

zyme-linked immunosorbent assay. Platelet-rich plasma-

induced changes in tendinopathic cells were compared with

normal after normalizing platelet-rich plasma data against

IL-1ß status in each specific sample.

Results In IL-1ß-exposed cells, platelet-rich plasma

downregulates expression of IL-6/CXCL-6 (mean, 0.015;

95% confidence interval [CI], 0.005–0.025; p = 0.026),

IL-6R (mean, 0.61; 95% CI, 0.27–0.95; p = 0.029), and

IL-8/CXCL-8 (mean, 0.02; 95% CI, 0.007–0.023;

p = 0.026). Secretion of IL-6/CXCL6, 0.35 (95% CI, 0.3–

0.4; p = 0.002), IL-8/CXCL8, 0.55 (95% CI, 0.5–0.7;

p = 0.01), and monocyte chemoattractant protein-1/CCL2,

0.40 (95% CI, 0.2–0.6; p = 0.001) was reduced by plate-

let-rich plasma, whereas vascular endothelial growth factor

increased by twofold, (95% CI, 1.7–2.3; p \ 0.001).

RANTES/CCL5 increased by10-fold (95% CI, 4–17) and

hepatocyte growth factor by 21-fold (95% CI, 0.2–42) in

tendinopathic and by 2.3-fold (95% CI, 2–3) and threefold

(95% CI, 1–5) in normal cells (p = 0.005 for both).

Conclusions Platelet-rich plasma induces an im-

munomodulatory and proangiogenic phenotype consistent

with healing mechanisms with few differences between

tendinopathic and normal cells.

Clinical Relevance Platelet-rich plasma injections in

pathological and nearby tissue might help to recover ten-

don homeostasis.
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Introduction

Platelet-rich plasma therapies are among current biologic

interventions used to ameliorate medical conditions that

necessitate tissue healing [4]. The multimolecular prepa-

rations, obtained from autologous blood, provide clinical

benefits by modulating the early healing response through

secretion of an array of signaling cytokines that influence

inflammation and angiogenesis concurrently and influence

cell migration and proliferation [10, 13, 23, 24]. Platelet-

rich plasma affects healing, both physiologically and

pathologically, and is currently used not only in surgery [2,

16], but also as an injectable to treat pathological condi-

tions such as osteoarthritis (OA) and tendinopathies [5, 6,

14], in which the disordered vascularization and deleterious

neoinnervation are associated with reduced healing capa-

bility and increased vulnerability to chronic injuries.

Although there is preliminary evidence of clinical effi-

cacy of platelet-rich plasma (PRP), this is controversial,

and how PRP might influence the inflammatory and an-

giogenic status of already inflamed tenocytes is not well

understood. Examining the expression of selected genes

and evaluating the synthesis of chemokines and inter-

leukins that are upregulated in inflamed tendons might

provide a window into this issue. Inflammation and an-

giogenesis are necessary steps for healing; however,

unbalanced angiogenesis/inflammation as a consequence of

deregulation of the cytokine (chemokine) network can re-

sult in a chronic pathological environment that leads to

impaired healing [28], often clinically manifested as pain.

Prototypical inflammatory mediators such as interleukin

(IL)-1ß, monocyte chemoattractant protein (MCP)-1/

CCL2, IL-8/CXCL8, and IL-6/CXCL6 have been shown to

induce acute or short-term hyperalgesia and are implicated

directly in neuropathic pain, chronic hyperalgesia, and al-

lodynia [37, 39, 40].

Because PRP is used in areas where there is both normal

and pathological tissue, evaluating its effects on both seems

important, but we really do not have a full picture about

how the secretion of inflammatory/angiogenic proteins in

response to PRP may differ in normal versus inflamed

tendon. Accumulating data demonstrate the participation of

multiple cytokines in tendon conditions, from acute trau-

matic rupture to chronic tendinopathy. Indeed, the lack of

specific cytokines may impair tissue regeneration as shown

in IL-6 knockout mice [22]. Novel findings show that the

most dramatic effect during tendon repair is an excep-

tionally high upregulation in the expression of IL-1b

(greater than 4000-fold) [26]. In addition, chemokines

(MCP-1/C-C motif ligand [CCL]2, regulated on activation,

normal T expressed and secreted [RANTES]/CCL5) that

modulate the migration of immune cells are involved in the

early phases of healing after experimental section of the

Achilles tendon in an animal model [36]. These chemoki-

nes participate not only in inflammation and pain

modulation, but also in angiogenesis. Understanding their

mechanisms of action will allow us to extend previous

knowledge reporting on MCP-1/CCL2, RANTES/CCL5,

vascular endothelial growth factor (VEGF), and hepatocyte

growth factor (HGF) production by tendon cells after PRP

treatment [11, 12].

The purposes of our study were to (1) explore whether

PRP could modify the inflammatory and angiogenic status

of already inflamed tenocytes by examining the expression

of selected genes relevant to tendon biology; (2) examine

the extent to which PRP can modulate the secretion of

chemokines and interleukins that are upregulated in in-

flamed tendons; and (3) determine whether the secretion of

inflammatory/angiogenic proteins in response to PRP are

different between healthy and tendinopathic cells.

Materials and Methods

Tissue fragments that would otherwise have been discarded

after surgery were collected from semitendinosus tendon

samples obtained during surgical reconstruction of the

anterior cruciate ligament (these specimens were used as

sources of healthy tenocytes) and fragments obtained after

débriding frayed portions of the rotator cuff tendons (which

were used to provide tendinopathic tendon cells). Samples

were obtained after receiving informed consent from pa-

tients and local ethics committee approval. Tendon cells

were isolated by an explant procedure and cultured as

previously described [9]. All the experiments were per-

formed in cells at passages between two and three, ie, to

avoid dedifferentiation no more than three times the cells

in the culture have been split and subcultured.

Peripheral blood was collected in 9-mL tubes containing

sodium citrate as anticoagulant (Vacuette; Greiner BioOne,

Kremsmünster, Austria). Tubes were centrifuged at 600 G

for 6 minutes, and the plasma layer was collected avoiding

aspiration of the buffy coat. Platelets and leukocytes in

PRP were counted using a Coulter Counter (Beckman,

Brea, CA, USA). This PRP is the same as we use in our

clinical studies [27] and is pure PRP (no leukocytes) with a

moderated enrichment of platelets (2.30 ± 0.68 times

greater than peripheral blood baseline). For cell cultures,

platelet activation was performed by three freeze-thaw

cycles, then filtered through 0.22-lm filters, and stored

frozen at –20 �C. In contrast to thrombin/CaCl2 activation,

which yields to the soluble protein fraction, the so-called

releasate or supernatant, the product resulting from freeze-

thawed procedures includes fibrinogen.

To match cells and PRP according to tendinopathic

status, healthy tendon cells from two donors were treated

Volume 473, Number 5, May 2015 Platelet-rich Plasma in Inflamed Tenocytes 1625

123



with allogeneic PRP from four healthy donors in individual

experiments performed in triplicate. Similarly, cells iso-

lated from tendinopathic tissues (rotator cuff tendons) were

treated with PRP from four patients with lateral elbow

epicondylopathy participating in a randomized blind trial

[27]. All donors gave their informed consent. Cells were

seeded in six-well plates at a density of 4000 cells/cm2 and

were grown until subconfluence was reached (10,000 cells/

cm2). After reaching subconfluence, cells were starved for

30 hours to arrest the cell cycle and to start the experiment

with all cells at the same baseline. Cells were then treated

for 48 hours with 1 ng/mL recombinant IL-1ß (Sigma

Aldrich, St Louis, MO, USA). At that point, culture

medium containing IL-1ß and the newly released proteins

were removed, and fresh culture medium supplemented

with 10% PRP was added.

Both the tendon cells and cell culture supernatants were

harvested in three different situations: (1) after starvation

(constitutive secretion); (2) some cells were starved and

harvested after 48 hour exposure to IL-1ß (inflamed cells);

and (3) other cells received both IL-1ß (for 48 hours) and

an additional 72-hour PRP exposure (PRP-treated cells)

(Fig. 1).

Total RNA was isolated using the High Pure RNA

Isolation Kit (Roche, Basel, Switzerland) according to the

manufacturer’s instructions. RNA was quantified and

quality assessed using the NanoDrop 2000 (Thermo Sci-

entific, Waltham, MA, USA). Using random hexamers,

1 lg RNA was reverse-transcribed to cDNA in 20 lL

(SuperScript1 III First-Strand Synthesis System; Invitro-

gen Life Technologies, Carlsbad, CA, USA). For the real-

time polymerase chain reaction (PCR), the cDNA from

each sample was diluted fivefold, and 2 lL of cDNA

(20 ng) was mixed with Power SYBR1 Green PCR Master

Mix (Applied Biosystems, Life Technologies) and 5

pmoles of primers for a 20-lL final volume. Real-time

PCR reactions were performed on the ABI-7900 (Applied

Biosystems, Life Technologies). The PCR reactions were

performed in triplicate for each sample.

One microgram of cDNA was amplified in a 20-lL re-

action mixture containing primers for inflammatory factors,

including IL-1ß, IL-1ß receptor, IL-6 receptor, IL-6, IL-8,

transforming growth factor (TGF)-ß1, cyclooxygenase

(COX)-1, COX-2, and ECM molecules, including Col1,

Col3, a disintegrin, and metalloproteinase with throm-

bospondin motifs (ADAMTS4, ADAMTS5, matrix

metallopeptidase (MMP)-1, MMP-3, tissue inhibitors of

metalloproteinase (TIMP)-1, and hyaluronan synthase 2

(HAS2). Glyceraldehyde 3-phosphate dehydrogenase

(GAPDH) and TATA-binding protein (TBP) were ampli-

fied as reference housekeeping genes (Table 1). We

normalized data against the mean of two housekeeping

genes with variable ranges of expression (GAPDH, high

expression, and TBP, moderately low) to increase precision

Data were first normalized to the mean of GAPDH and

TBP and then again to the IL-1ß group by means of the

2�DDCt method [21] where Ct = cycle threshold.

Secreted proteins by tendon cells, in the different ex-

perimental conditions (constitutive, inflamed, and PRP-

treated) were assessed using solid-phase sandwich enzyme-

linked immunoabsorbent assays (ELISAs) and solid-phase

enzyme-amplified sensitivity immunoassays (EASIA).

ELISA procedures were used to quantify hepatocyte

growth factor (R&D Systems Inc, Minneapolis, MN,

USA), VEGF (–165) (Invitrogen Corporation, Caramillo,

CA, USA), GRO-alpha/CXCL1, and MCP-1/CCL2 (Ray-

Biotech Inc, Norcross, GA, USA). EASIA procedures were

used to quantify RANTES/CCL5, IL-6/CXCL6, and IL-8/

CXCL8 (Biosource Europe SA, Nivelles, Belgium). All

kits were used according to the manufacturer’s instructions.

The contribution of PRP proteins to the total was sub-

tracted, and the concentration of proteins secreted by cells

was expressed as ng/106 cells, as previously described [7].

Viable cell number was assessed in a Burker Chamber

using Trypan Blue (Sigma-Aldrich, St Louis MO, USA);

the procedure was performed in duplicate.

Fig. 1 Experimental design: after cell-cycle synchronization

(30 hours using 0.2% PRP), starved cells (t = 0 hours) were treated

with 1 ng/mL rh-IL-1ß for 2 days and then exposed to 10% PRP for

the next 3 days. Experiments were performed in parallel with healthy

tendon cells from the semitendinosus tendon (N = 2 donors) and

tendinopathic tendon cells from the rotator cuff (N = 2 donors). PRPs

were prepared from four healthy donors and used to treat healthy cells

and from four patients with tendinopathy and used to treat tendino-

pathic cells. Both the tendon cells and cell culture supernatants were

harvested in three different situations: (1) after starvation (constitutive

secretion); (2) some cells were starved and harvested after 48-hour

exposure to IL-1ß (inflamed cells); and (3) other cells received both

IL-1 (for 48 hours) and an additional 72-hour PRP exposure (PRP-

treated cells). RT-PCR = reverse transcription-polymerase chain

reaction.
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Sulfated proteoglycan and glycosaminoglycan content

was determined in cell supernatants BlyscanTM Gly-

cosaminoglycan Assay (Biocolor, Carrickfergus, Northern

Ireland, UK) according to the manufacturer’s instructions

with the suitable dilutions.

The experiments were performed in triplicate for each of

the eight PRP donors. The relative gene expression (re-

ferred to IL-1ß) and the concentration of proteins were

shown as median and 25th to 75th percentiles. Data of

protein secretion after PRP were normalized against IL-1ß

for each cell donor. The Spearman rank correlation test was

used to describe associations. The p values were deter-

mined using the Kruskal-Wallis test and the Mann-

Whitney U test for nonparametric independent data. A p

value of \ 0.05 was considered significant. Data were

analyzed using SPSS for Windows, Version 18.0 (SPSS;

IBM, Armonk, NY, USA).

Results

PRP could appear to mitigate the inflammatory and

angiogenic status of already inflamed tenocytes because

its application downregulates gene expression of

inflammatory interleukins, specific receptors, and other

molecules (Fig. 2A–D). In inflamed tendon cells (IL-1b-

exposed; Table 2), PRP downregulates gene expression of

IL-1ß (mean, 0.1; 95% confidence interval [CI], �0.05 to

0.25; p = 0.029), IL-6/CXCL-6 (mean, 0.015; 95% CI,

0.005–0.025; p = 0.026), IL-6R (mean, 0.61; 95% CI,

0.27–0.91; p = 0.029), and IL-8/CXCL-8 (mean, 0.57;

95% CI, �0.3 to 1.45; p = 0.029) as well as COX-2

(mean, 0.06; 95% CI, 0.01–0.13; p = 0.005). PRP had no

effect on IL-1R1 (mean, 1.8; 95% CI, 1–2.5; p = 0.576),

TGF-ß1 (mean, 1.23; 95% CI, 0.3–2; p = 1.0), ADAMTS4

(mean, 1.6; 95% CI, 0.5–2.7; p = 1.0), and HAS2 (mean,

0.5; 95% CI, 0.3–0.8; p \ 0.282) in our experimental

conditions. At the same time, PRP downregulates enzymes

such as MMP-1 (mean, 0.16; 95% CI, �0.007 to 0.33;

p = 0.029), MMP-3 (mean, 0.01; 95% CI, 0.0007–0.02;

p = 0.029), and TIMP-1 (mean, 0.4; 95% CI, 0.0–0.5;

p = 0.019). The expression of COL1A1 and COL3A1 was

downregulated after PRP treatment (mean, 0.38; 95% CI,

0.21–0.54; p = 0.029; mean, 0.30; 95% CI, 0.11–0.48;

p = 0.029, respectively). Expression of COX1 and

ADAMTS5 was not detected.

PRP could appear to mitigate the inflammatory and

angiogenic status of already inflamed tenocytes because its

Table 1. Polymerase chain reaction primers used in this study

Primer Forward (50-30) Reverse (50-30) Annealing temperature (�C)

IL-1b TCCAGGGACAGGATATGGAGCA AGGCCCAAGGCCACAGGTATTT 58

IL-1bR GGTGACAGTAACTGGTGTT ACGTTGGGGAAGACATTGTT 52

IL-6 GAGGCACTGGCAGAAAACAACC CCTCAAACTCCAAAAGACCAGTGATG 58

IL-6R AAGACCCCCACTCCTGGAACT CGTGGATGACACAGTGATGCT 60

IL-8 CTGTCTGGACCCCAAGGAAAACT GCAACCCTACAACAGACCCACAC 57

TGF-b GAGGTCACCCGCGTGCTAATG CACGGGTTCAGGTACCGCTTCT 58

COX-1 GGTTTGGCATGAAACCCTACACCT CCTCCAACTCTGCTGCCATCT 58

COX-2 AACTGCGCCTTTTCAAGGATGG TGCTCAGGGACTTGAGGAGGGT 58

COL1A1 GGCAACAGCCGCTTCACCTAC GCGGGAGGACTTGGTGGTTTT 58

COL3A1 CACGGAAACACTGGTGGACAGATT ATGCCAGCTGCACATCAAGGAC 58

HAS-2 GTCCCGGTGAGACAGATGAG ATGAGGCTGGGTCAAGCATAG 58

ADAMTS4 GACACTGGTGGTGGCAGATG TCACTGTTAGCAGGTAGCGCTTTA 52

ADAMTS5 ATGAGGAGCACTACGATGCAGCTA CTGTGATGGTGGCTGAAGTGCAT 60

MMP-1 CAACTCTGGAGTAATGTCACA TACATCAAAGCCCCGATATCA 58

MMP-3 TTTTGGCCATCTCTTCCTTCA TGTGGATGCCTCTTGGGTATC 55

TIMP-1 GGCCTTAGGGGATGCCG CGGCTATCTGGGACCGCA 52

GAPDH GCATTGCCCTCAACGACCACT CCATGAGGTCCACCACCCTGT 58

TBP TGCACAGGAGCCAAGAGTGAA CACATCACAGCTCCCCACCA 58

IL-1b = interleukin 1 beta; IL-1bR = interleukin 1 beta receptor; IL-6 = interleukin 6; IL-6R = interleukin 6 receptor; IL-8 = interleukin 8;

TGF-b = transforming growth factor beta1; COX-1 and COX-2 = cytochrome c oxidase subunit 1 and subunit 2; COL1A1 = collagen type 1

alpha 1; COL3A1 = collagen type 3 alpha 1; HAS-2 = hyaluronan synthase 2; ADAMTS4 and ADAMTS5 = ADAM metallopeptidase with

thrombospondin type 1 motif, 4 and motif, 5; MMP-1 = matrix metallopeptidase 1 (interstitial collagenase); MMP-3 = matrix metallopeptidase

3 (stromelysin 1, progelatinase); TIMP-1 = TIMP metallopeptidase inhibitor 1; GAPDH = glyceraldehyde-3-phosphate dehydrogenase;

TBP = TATA box binding protein.
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application resulted in modulation of the secretion of

chemokines and interleukins that are upregulated in in-

flamed tendons cells. PRP contains a pool of interleukins,

chemokines, and growth factors relevant to inflammation

and angiogenesis (Table 3). Inflamed tendon cells secrete

CXCL and CCL chemokines. Interleukin-6/CXCL-6

(1485 ng/106 cells; 95% CI, 523–2448), IL-8/CXCL-8

(768 ng/106 cells; 95% CI, 209–1324), and MCP-1/CCL-2

secretion (475 ng/106 cells; 95% CI, 227–722) were

strongly induced in response to inflammation (Table 4). All

three cytokines (IL-6/CXCL6, IL-8/CXCL8, and MCP-1/

CCL2) were reduced after treatment with PRP as shown by

normalizing PRP induced secretion by the matching in-

flamed cells (PRP/IL-1ß): IL-6/CXCL6, 0.35 (95% CI,

0.3–0.4; p = 0.002), IL-8/CXCL8, 0.55 (95% CI, 0.5–0.7;

p = 0.01), and MCP-1/CCL2, 0.40 (95% CI, 0.2–0.6;

p = 0.001; Fig. 3). GRO-alpha/CXCL1 and RANTES/

CCL5 were also secreted in response to IL-1ß (Table 4).

Notwithstanding its antiinflammatory properties, PRP did

not modify GRO-alpha/CXCL1 secretion (Fig. 3B) and

increased RANTES/CCL5 by eightfold (95% CI, 2–15;

p \ 0.001). Regarding modulation of selected growth

factors, tendon cells showed a relatively high constitutive

secretion of HGF, 35 ng/106 cells (95% CI, 18–52), which

was reduced in the presence of IL-1ß, 8.7 ng/106 cells

(95% CI, �3 to 20). PRP treatment restored the levels of

HGF secretion (increased fourfold [range, 1–47;

p = 0.002]) in the inflamed cells. In contrast, PRP further

enhanced VEGF production (3D) twofold induced by IL-1ß

(95% CI, 1.7–2.3; p \ 0.001). Cytokine interactions are

reflected by strong correlations between inflammatory/an-

giogenic proteins. Monocyte chemotactic protein-1/CCL2

showed evidence of a positive association with IL-6/

CXCL6 and IL-8/CXCL8 (R = 0.949 and R = 0.738;

p = 0.001 for both), whereas there was evidence of a

negative association of MCP-1/CCL2 with HGF

Fig. 2A–D Relative gene expression of (A–B) modulators of

inflammation and (C–D) extracellular matrix proteins. Boxes illus-

trate the relative mRNA expression; the band inside the box is the

median. mRNA folds of PRP-treated tendon cells are calculated

relative to tendon cells subjected to inflammatory stimuli (IL-1ß).
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(R = –0.406; p = 0.049). Vascular endothelial growth

factor showed evidence of a positive association with

RANTES/CCL5 and GRO-alpha/CXCL1(R = 0.682;

p \ 0.001 and R = 0.559; p = 0.005, respectively). In

contrast, there was evidence of a negative association be-

tween VEGF and PGE2 (R = –0.567; p = 0.004). IL-6/

CXCL6 showed evidence of an association with IL-8/

CXCL8 (R = 0.734; p \ 0.001), and IL-8/CXCL8 also

showed evidence of a positive association with GRO-alpha/

CXCL1 (R = 0.454; p = 0.026) and a negative association

with HGF (R = –0.628; p = 0.001). RANTES/CCL5 and

GRO-alpha/CXCL1 also showed evidence of a positive

association (R = 0.566; p = 0.004) and a negative asso-

ciation with PGE2 (R = –0.559; p = 0.005).

PRP appears to modulate similarly inflammatory/

angiogenic proteins in healthy and tendinopathic cells once

intercell variability is reduced by normalizing PRP-induced

protein secretion by the specific cell donor-inflamed cells

(Fig. 4). Nevertheless, PRP induced a greater increase in

RANTES in tendinopathic cells 10-fold (95% CI, 4–17)

subjected to inflammatory stimuli compared with healthy

cells, a 2.3-fold increase (95% CI, 2–3; p = 0.005). Also,

PRP induced a greater increase in HGF in tendinopathic

cells (21-fold; 95% CI, 0.2–42) subjected to inflammatory

Table 2. Individual values of gene expression relative to housekeeping genes*

Donor Semitendinosus (healthy)

COL1A1 COL3A1 SCX ADAMTS4 MMP-1 MMP-3 TIMP-1 HAS-2

1 (baseline) 651 22 0.2 0.03 0.03 ND 9.4 0.8

1 (IL-1ß) 585 75 0.05 0.01 1.04 1.7 29.3 2.4

2 (baseline) 698 6 0.3 0.01 ND 0.01 5.9 0.8

2 (IL-1ß) 652 34 0.04 0.01 3.03 4.0 12.9 1.7

Rotator cuff (tendinopathic)

3 (baseline) 962 30 0.1 0.03 ND 0.02 8.0 0.6

3 (IL-1ß) 343 29 0.02 0.01 0.22 2.3 10.0 1.6

4 (baseline) 630 59 0.1 0.01 0.04 ND 5.7 0.8

4 (IL-1ß) 892 35 0.01 0.02 0.16 0.9 3.0 2.6

Donor Semitendinosus (healthy)

IL-1b IL-1bR IL-6 IL-6R IL-8 COX-2 TGF-b1

1 (baseline) ND 3.0 0.01 0.1 ND 0.5 0.7

1 (IL-1ß) 0.2 2.9 14 0.1 21 0.3 0.6

2 (baseline) ND 1.7 0.04 0.1 ND 0.4 0.9

2 (IL-1ß) 0.2 4.3 12 0.1 15 0.5 0.4

Rotator cuff (tendinopathic)

3 (baseline) ND 1.7 0.02 0.2 ND 0.2 0.5

3 (IL-1ß) 0.01 1.0 22 0.1 51 0.1 0.2

4 (baseline) ND 1.3 0.04 0.1 ND 0.3 0.5

4 (IL-1ß) 0.01 1.5 22 0.1 17 0.2 0.2

* Gene expression of extracellular matrix associated molecules and inflammatory molecules at baseline (30-hour starvation) and after 48-hour

IL-1ß exposure (0.1% platelet-rich plasma). Gene expression data are presented as 2�deltaCt = 2�[Ct gene of interest�(CtGAPDH+CtTBP)/2] normalizing

the expression of the genes of interest to the mean Ct of GAPDH and TBP. Mean efficiency of polymerase chain reaction is 96% (SD = 4%),

CV = 4%. Mean housekeeping Ct = 22 SD = 1.6. Housekeeping gene stability, GAPDH/TBP = 0.648 (SD = 0.021), variation coeffi-

cient = 3%. COX-1 and ADAMTS5 were not detected, Ct [ 30 cycles; IL-1b = interleukin 1 beta; IL-1bR = interleukin 1 beta receptor; IL-

6 = interleukin 6; IL-6R = interleukin 6 receptor; IL-8 = interleukin 8; TGF-b = transforming growth factor beta1; COX-1 and COX-

2 = cytochrome c oxidase subunit 1 and subunit 2; COL1A1 = collagen type 1 alpha 1; COL3A1 = collagen type 3 alpha 1; HAS-

2 = hyaluronan synthase 2; ADAMTS4 and ADAMTS5 = ADAM metallopeptidase with thrombospondin type 1 motif, 4 and motif, 5; MMP-

1 = matrix metallopeptidase 1 (interstitial collagenase); MMP-3 = matrix metallopeptidase 3 (stromelysin 1, progelatinase); TIMP-1 = TIMP

metallopeptidase inhibitor 1; GAPDH = glyceraldehyde-3-phosphate dehydrogenase; TBP = TATA box binding protein; ND = not detected;

CV = coefficient of variation.
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stimuli compared with healthy cells (threefold increase;

95% CI, 1–5; p = 0.005).

However, the associated increased levels need further

confirmation using controlled trials that would involve

many more cell donors.

Discussion

PRP therapies are used in patients with disorders that call

for tissue regeneration; such conditions vary from acute

traumatic injury to chronic degenerative pathologies.

Injections of PRP to treat tendinopathy have shown mod-

erate clinical benefits, mainly pain reduction, in diverse

tendons [5]. However, the biologic mechanisms behind the

observed clinical effects remain relatively poorly charac-

terized. We therefore sought to (1) explore whether PRP

could modify the inflammatory and angiogenic status of

already inflamed tenocytes by examining the expression of

selected genes relevant to tendon biology; (2) examine the

extent to which PRP can modulate the secretion of

chemokines and interleukins that are upregulated in in-

flamed tendons; and (3) determine whether the secretion of

inflammatory/angiogenic proteins in response to PRP is

different between healthy and tendinopathic cells.

Our study was limited to in vitro conditions using a

single-cell phenotype that expresses scleraxis but not

tenomodulin; however, tenomodulin expression was evi-

dent again in three-dimensional cultures (data not

shown). Nevertheless, recent data show that scleraxis and

tenomodulin expression is not specific of tenocytes because

it was detected in fibroblasts, chondrocytes, and osteoblasts

[38]. Our study findings are not necessarily translatable to

human in vivo conditions, and further research in cocul-

tures and/or in vivo models is needed to confirm the

paracrine innate immune and angiogenic mechanisms we

propose. Another limitation is that our study offers a static

picture of PRP actions on inflamed tendon cells, whereas

Table 3. Concentration of angiogenic/inflammatory molecules in the PRP lysates from eight donors (1–4 healthy donors and 5–8 tendinopathic

donors)*

PRP

donors

MCP-1

(pg/mL)

VEGF

(pg/mL)

HGF

(pg/mL)

IL-6

(pg/mL)

IL-8

(pg/mL)

GRO-a
(pg/mL)

RANTES

(ng/mL)

PGE-2

(ng/mL)

GAGs

(lg/mL)

1 230 150 430 950 ND 300 24. 27 32

2 1440 120 870 4870 550 2370 23 11 34

3 100 240 520 1030 ND 1560 22 11 103

4 910 140 480 6870 ND 410 23 26 101

5 880 130 730 1030 ND 510 22 16 101

6 120 260 620 2200 ND 320 26 9 73

7 100 170 680 1030 ND 80 27 1 84

8 410 120 570 1700 ND 1650 24 20 52

* Results are expressed as pg/mL, ng/mL, or lg/mL of technical duplicates; PRP = platelet-rich plasma; MCP-1 = monocyte chemoattractant

protein 1; VEGF = vascular endothelial growth factor; HGF = hepatocyte growth factor; IL = interleukin; GRO-a = growth-regulated alpha

protein; RANTES = regulated on activation, normal T expressed and secreted; PGE2 = prostaglandin 2; GAGs = glycosiaminoglycans;

ND = not detected.

Table 4. Protein secretion by tendon cells at baseline (30-hour starvation), after 48-hour IL-1ß exposure (0.1% PRP), and after 72-hour platelet-

rich plasma treatment (10% PRP)

Experimental

conditions

MCP-1/CCL2 VEGF HGF IL-6/

CXCL6

IL-8/

CXCL8

GRO-a/

CXCL1

RANTES/

CCL5

PGE2 GAGs

(mean [SE] ng/106 cells) (lg/106 cells)

Baseline 4 (0.8) 2.2 (0.5) 35 (5) 8.7 (0.8) ND 0.85 (0.4) 1.4 (0.9) 2226 (458) 25 (7)

95% CI 1.5–6.5 0.8–3.7 18–52 6–11 �0.4 to 2.1 �1.6 to 4.3 768–3684 2–48

IL-1ß 475 (78) 6 (0.4) 8.7 (3.7) 1485 (302) 768 (175) 37 (8) 53 (18) 815 (293) 13 (4)

95% CI 227–722 5–7 �3.2 to 20.6 523–2448 209–1324 12–61 �4.2 to 109 54–1575 �1.3 to 27

PRP 135 (22) 13 (0.7) 37 (10) 524 (64) 414 (34) 25 (2.6) 247 (25) 1142 (194) 122 (20)

95% CI 87–183 11–14 15–59 383–664 340–488 19–30 190–303 719–1565 15–59

MCP-1 = monocyte chemoattractant protein; VEGF = vascular endothelial growth factor; HGF = hepatocyte growth factor; IL-6 = inter-

leukin 6; IL-8 = interleukin 8; GRO-a = growth-regulated alpha protein; RANTES = regulated on activation, normal T expressed and

secreted; PGE2 = prostaglandin 2; GAGs = glycosiaminoglycans; CI = confidence interval; ND = not detected.
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the interplay between cytokines in the regulation of healing

is temporospatial. We expected to see the presence of IL-8/

CXCL8 and GRO-alpha/CXCL1 in the initial phases of

healing, subsequently MCP1/CCL2 involved in macro-

phage chemotaxis, and finally, as the macrophage phase

resolved, the presence of RANTES/CCL5, which is

chemotactic for lymphocytes. In reality, the sequence of

molecular events evidenced by our study was different—

tenocytes acquired adaptive immune functional properties

as exemplified by RANTEShigh phenotype in parallel with

innate immune functional properties (IL8high, GRO-

alphahigh, and MCP1high phenotypes). One further limita-

tion of in vitro research is adequacy of controls. We

performed a longitudinal study instead of a transversal

study and compared PRP treatment with the previous

situation, IL-1ß-induced inflammation. Interleukin-1ß has

been proposed as an initiator of tendinopathy [30] and may

be an acceptable model of tendon cell inflammation;

however, the issue remains controversial. In any event,

persistent presence of macrophages (important sources of

IL-1ß) is supported by recent data in patients with chronic

tendinopathy who had been followed up for more than

4 years [19]. Ethical issues limit harvesting healthy tendon,

and thus we had to use two different anatomical sources for

tendon specimen, ie, semitendinosus (healthy tendon) and

rotator cuff (tendinopathic tissue). The number of each

kind of tissue specimen is insufficient to compare normal

versus tendinopathic cells at baseline and after IL-1ß ex-

posure; indeed, this was not the goal of the current work

but provides a foundation to look into differences in a fu-

ture study. To restrain cell heterogeneity, we have

normalized data obtained after PRP against IL-1ß status in

each specific sample. Last, despite L-PRP being the most

often used PRP in tendon treatment [7, 13, 15], we studied

pure PRP to reduce experimental interdonor variability

attributed to the presence of leukocytes.

The expression of some crucial inflammatory molecules

including IL-6 and IL-8 was downregulated in response to

PRP treatment, indicating an immunomodulatory effect of

PRP in tendon cells. Inflammatory genes, including VEGF,

COX-2, IL-6, IL-6R and COL1A1, are upregulated in

painful and particularly in ruptured Achilles tendons in

humans [21]. Remarkably, our data showed that PRP had

potential to downregulate COL1A1, VEGF, COX-2, IL-6,

and IL-6R. Other studies have shown that tumor necrosis

factor-a-activated tenocytes express high levels of MMP-1,

IL-1ß, and IL-6 [17]. Actually, the cell-extrinsic response

to stressors can involve both functional gene categories;

first gene products likely involved in inflammation and

tissue level adaptations such as angiogenesis and second

genes that regulate the extracellular matrix compartment,

ie, fibrillar collagens and remodeling enzymes (ie, MMP-1,

MMP-3, ADAMTS4, and ADAMTS5) [18].

We showed some evidence supporting the concept that

tendon cells are immunologically active and respond to PRP

by downregulating the secretion of immunoregulatory pro-

teins including IL-8/CXCL8, IL-6/CXCL6, and MCP-1/

CCL2 boosted by IL-1ß in tendon cells. The association of

IL-6/CXCL6 and IL-8/CXCL8 with human Achilles tendon

healing has been reported recently [1], but so far there is

scant evidence about GRO-alpha/CXCL1 and MCP-1/CCL2

involvement in tendon biology [8, 36]. These chemokines

participate in inflammation and the production of pain

caused by inflammation as well as neuropathic pain [3, 32].

Chemokine reduction may be a potential mechanism through

which PRP can modulate inflammation and pain in an

Fig. 3A–B Secretion of inflammatory/angiogenic molecules relative

to IL-1ß exposed tendon cells. (A) Tendon cells treated with PRP

showed a reduction in the secretion of IL-6, IL-8, and MCP-1 but did

not show changes in the secretion of GRO-alpha. (B) Tendon cells

treated with PRP showed increased secretion of VEGF, HGF,

RANTES, and GAG but no changes in PGE2 secretion.
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inflammatory context. Actually, MCP-1/CCL2 attracts

CCR2-expressing monocytes. In an experimental model for

OA, Miller et al. [29] demonstrated that CCR2 signaling

mediates pain in this pathology. Moreover, in a recent meta-

analysis involving microarray studies, MCP-1/CCL2 was

identified as one of the important pronociceptive factors in

many pain models [20]. Currently, various CCR2 inhibitors

are in clinical trials for treatment of pain. Although the role of

MCP-1/CCL2 as an algogen in tendons is so far unexplored,

MCP-1/CCL2 may interact with CCR2 receptors present in

peripheral nerves in and around tendons [33]. We showed

that high levels of IL-6/CXCL6 protein boosted by inflam-

mation are reduced with use of PRP. Neutralization of IL-6/

CXCL6 can attenuate hyperalgesia [31]. Whether lowering

MCP-1/CCL2 and IL-6/CXCL6 levels by means of PRP is

clinically relevant in this context needs further confirmation.

PRP decreases IL-8/CXCL8 but does not modify GRO-

alpha/CXCL1, both of which are pronociceptive chemokines

with similar effects regarding neutrophil chemoattraction

and degranulation. However, there are many discrepancies

regarding the modulatory effects of neutrophils on inflam-

mation and pain; these are mainly attributed to the presence

of different receptor subtypes and the molecular composition

of the local environment [25]. For example, selective

recruitment of neutrophils by GRO-alpha/CXCL1 did not

induce pain in noninflamed tissue [35]. Interestingly,

neutrophils participate in the endogenous control of in-

flammatory pain by releasing opioids acting on peripheral

nerve terminals [25]. Activation of CXCR2 in neutrophils by

IL-8/CXCL8 led to a release of ß-endorphin and met-

enkephalin in vitro [34, 35]; these chemokines can have di-

rect actions on nociceptive neurons. Actually GRO-alpha/

CXCL1 actions are mediated by the CXCR2 receptor present

in the membranes of small-diameter neurons, where it in-

duces pronociceptive changes in excitability [40].

Comparing the response to PRP of normal and patho-

logical cells failed to identify big differences. However, the

secretion of RANTES and HGF, in response to PRP, is

different in healthy and tendinopathic cells. The former is

involved in leukocyte transmigration. HGF fulfills different

roles; it is antiinflammatory in tendons acting through NF-

kB [40] and is chemotactic and mitogenic for endothelial

cells. Whether these proteins may trigger a shift from a

physiological to a pathological status is unexplored and

warrants further research.

In conclusion, PRP influences tendon biology because it

induces an immunomodulatory and proangiogenic pheno-

type consistent with healing mechanisms and pain reduction.

PRP could help in recovering homeostasis under patho-

logical conditions because it downregulates inflammatory

gene expression and immunomodulatory/angiogenic protein

secretion in already inflamed tendon cells. Neutralization of

proinflammatory cytokines can attenuate hyperalgesia [31],

but whether the reduction induced by PRP is clinically im-

portant warrants further investigation.

Fig. 4A–C Similarities and differences in protein secretion by healthy

tendon cells and cells from tendinopathic tissue. PRP-induced changes

in tendinopathic were compared with normal after normalizing PRP

data against IL-1b status in each specific sample. Chemokine secretion

is not modified by PRP (A). Differences were found in RANTES (B)

and HGF secretion (C).
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