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Abstract

Background—The effect of platelet-rich plasma (PRP) on chondrocytes has been studied in cell 

and tissue culture, but considerably less attention has been given to the effect of PRP on 

synoviocytes. Fibroblast-like synoviocytes (FLS) compose 80% of the normal human synovium 

and produce cytokines and matrix metalloproteinases that can mediate cartilage catabolism.

Purpose—To compare the effects of leukocyte-rich PRP (LR-PRP), leukocyte-poor PRP (LP-

PRP), red blood cell (RBC) concentrate, and platelet-poor plasma (PPP) on human FLS to 

determine whether leukocyte and erythrocyte concentrations of PRP formulations differentially 

affect the production of inflammatory mediators.

Study Design—Controlled laboratory study.

Methods—Peripheral blood was obtained from 4 donors and processed to create LR-PRP, LP-

PRP, RBCs, and PPP. Human synoviocytes were cultured for 96 hours with the respective 

experimental conditions using standard laboratory conditions. Cell viability and inflammatory 

mediator production were then evaluated.

Results—Treatment with LR-PRP resulted in significantly greater synoviocyte death (4.9% 

± 3.1%) compared with LP-PRP (0.72% ± 0.70%; P = .035), phosphate-buffered saline (PBS) 

(0.39% ± 0.27%; P = .018), and PPP (0.26% ± 0.30%; P = .013). Synoviocytes treated with RBC 

concentrate demonstrated significantly greater cell death (12.5% ± 6.9%) compared with PBS (P 
< .001), PPP (P < .001), LP-PRP (P < .001), and LR-PRP (4.9% ± 3.1%; P < .001). Interleukin 

(IL)–1β content was significantly higher in cultures treated with LR-PRP (1.53 ± 0.86 pg/mL) 

compared with those treated with PBS (0.22 ± 0.295 pg/mL; P < .001), PPP (0.11 ± 0.179 pg/mL; 

P < .001), and RBCs (0.64 ± 0.58 pg/mL; P = .001). IL-6 content was also higher with LR-PRP 

(32,097.82 ± 22,844.300 pg/mL) treatment in all other groups (P <.001). Tumor necrosis factor–α 
levels were greatest in LP-PRP (9.97 ± 3.110 pg/mL), and this was significantly greater compared 
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with all other culture conditions (P < .001). Interferon-γ levels were greatest in RBCs (64.34 

± 22.987 pg/mL) and significantly greater than all other culture conditions (P <.001).

Conclusion—Treatment of synovial cells with LR-PRP and RBCs resulted in significant cell 

death and proinflammatory mediator production.

Clinical Relevance—Clinicians should consider using leukocyte-poor, RBC-free formulations 

of PRP when administering intra-articularly.
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Platelet-rich plasma (PRP) is an autologous blood fraction composed of concentrated 

platelets and growth factors. The rationale behind PRP as a therapeutic agent is that it 

delivers growth factors, cytokines, and other molecular mediators to the site of tissue injury 

to increase healing. PRP is commonly used in clinical orthopaedics as an injection or gel 

biologic therapy to facilitate wound hemostasis3,11 and to treat tendinopathies.2,24,33 It has 

been used as an experimental treatment for osteoarthritis with mixed results.9,21

The effect of PRP on chondrocytes has been studied using in vitro and in vivo basic science 

models. A recent systematic review of this literature demonstrated that 71% of the studies 

report PRP increases the synthetic capacity of chondrocytes, including upregulation of gene 

expression, proteoglycan production, and type II collagen deposition.34 However, only 4.8% 

(1/21) of reports included in this analysis characterized the white blood cell (WBC), platelet, 

and red blood cell (RBC) contents of their PRP formulations.39 There are many variations in 

PRP formulations, with both platelet and leukocyte concentrations having been identified as 

major constituents affecting the inflammatory responses after PRP injection.

Less attention has been given to the effect of PRP on synoviocytes. When considering intra-

articular applications, it is imperative to assess the effect of the therapy on other cell 

populations within the joint. Fibroblast-like synoviocytes (FLS) compose 80% of the normal 

human synovium and produce cytokines and matrix metalloproteinases (MMPs) that can 

mediate cartilage catabolism. A recent study by Browning et al4 found that, compared with 

platelet-poor plasma (PPP) and phosphate-buffered saline (PBS), PRP treatment resulted in 

increases of cytokines and proteases produced by human FLS. Their study used leukocyte-

rich PRP (LR-PRP), which has been shown to cause an increased acute inflammatory 

response compared with leukocyte-poor PRP (LP-PRP).7

The purpose of this study was to compare the effects of LR-PRP, LP-PRP, and RBCs on 

human FLS to determine whether the addition of leukocytes and/or erythrocytes to PRP 

formulations affects FLS production of inflammatory mediators.

METHODS

Institutional review board approval was obtained before the initiation of this study.
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Preparation of Blood Products

Approximately 110 mL blood was obtained by a licensed phlebotomist from 4 healthy 

volunteers without medical history using a standard venipuncture technique. In total, 55 mL 

was processed using the High-Yield PRP System (Emcyte Corporation, Fort Meyers, 

Florida, USA) according to the manufacturer’s instructions to create LR-PRP, PPP, and 

packed RBCs. The remaining 55 mL was simultaneously processed using Pure PRP (Emcyte 

Corporation) to create LP-PRP, a formulation without neutrophils. The following blood 

product groups were analyzed: whole blood, PPP, LR-PRP, LP-PRP, and concentrated 

RBCs. Complete blood count (CBC) was used to confirm WBC, RBC, and platelet 

concentrations. Samples were stored at −80°C until they were applied to cell culture.

Synoviocyte Culture

Human type B FLS were obtained from a commercially available cell line (Cell 

Applications, San Diego, California, USA) and expanded in Synoviocyte Growth Media 

(Cell Applications). Synoviocytes were seeded at a density of 1.3 × 105 cells/well. Three 

wells were used per culture condition; each contained media and 3% blood/PRP product 

depending on the experimental group. Cells were cultured for 96 hours before viability and 

cytokine analysis was performed.

Live/Dead Viability Analysis

A Live/Dead Viability/Cytotoxicity Assay (Invitrogen Corporation, Carlsbad, California, 

USA), a 2-color fluorescence assay, was used for staining of the cultures after a respective 

96-hour culture. Probes calcein AM and ethidium homodimer (EthD-1) were used. Cells 

were stained at room temperature for 30 minutes in the dark. The ratio of dead to live cells 

was assessed by fluorescent microscopy. Microscopic analysis was completed immediately 

after incubation using a Zeiss Observer Z1 (Carl Zeiss, Inc, Thornwood, New York, USA) 

fluorescent microscope. Images were taken using an AxioCam MRm camera (Carl Zeiss). 

Two frames were taken using the GP and DsRED2 filters, wavelengths 510 ± 10 and 590 

± 14, respectively, and were overlaid to produce a single image. Four random high-powered 

fields (HPFs; 100×) were acquired for each well. Automated cell-counting parameters were 

set based on the size of the smallest and largest cells visualized. Manual counting was 

performed to validate automated cell-counting parameters. Manual and automated counts 

were equal to ±4 cells. The ratio of dead to live cells was then calculated.

Cytokine Analysis

To evaluate proinflammatory mediator production, cell culture supernatant was analyzed for 

the following panel of anabolic and catabolic cytokines and molecular mediators, which are 

known to play an active role in both the initiation and response to joint tissue injury: 

interleukin (IL)–1β, IL-4, IL-6, IL-10, interferon (IFN)–γ, and tumor necrosis factor (TNF)–

α using a Bio-Rad Multiplex analysis (Bio-Plex, Bio-Rad, Hercules, California, USA) 

according to the manufacturer’s protocol.
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Statistical Analysis

All statistical analyses were performed with SPSS Version 21 (SPSS, Inc, an IBM Company, 

Chicago, Illinois, USA). Descriptive statistics for platelet, WBC, and RBC counts were 

calculated for the blood products obtained from the 4 donors. For cell viability, the results of 

the 4 HPFs per well were averaged and the 3 wells per condition were compared with all 

other conditions using a 1-way analysis of variance (ANOVA) with Bonferroni post hoc 

correction. Cytokine results were also analyzed using a 1-way ANOVA with Bonferroni 

correction. Significance was set at P<.05.

RESULTS

Blood Products

Both LR-PRP and LP-PRP were defined as having a concentration of platelets greater than 

that in whole blood. LR-PRP was defined as having an overall WBC count greater than the 

WBC count in whole blood, while LP-PRP was defined as having an overall WBC count 

less than the WBC count in whole blood. Platelet-poor plasma was characterized by a 

concentration of platelets less than that in whole blood, and RBC concentrate contained a 

greater concentration of platelets than whole blood. Individual and average CBC data for 

whole blood, LR-PRP, LP-PRP, PPP, and RBC concentrate are summarized in Table 1. 

Average and range data are condensed in Table 2.

Baseline Values

Cytokine levels at baseline and 96 hours for PPP, LP-PRP, LR-PRP, and RBCs are compared 

in Table 3. In PPP, levels of IL-6, IL-10, and TNF-α were significantly greater at 96 hours 

versus baseline. In LP-PRP, IL-1β, IL-6, and IL-10 were significantly greater at 96 hours 

compared with baseline. IL-1β and IL-6 were significantly greater in LR-PRP at 96 hours 

versus baseline. Finally, IL-6 and IFN-γ were significantly greater in RBCs at 96 hours 

compared with baseline.

LR-PRP

Treatment with LR-PRP resulted in significantly greater cell death (4.9% ± 3.1%) compared 

with LP-PRP (0.72% ± 0.70%; P = .035), PBS (0.39% ± 0.27%; P = .018), and PPP (0.26% 

± 0.30%; P = .013). After 96 hours of culture, IL-1β content was significantly higher in 

cultures treated with LR-PRP (1.53 ± 0.86 pg/mL) compared with those treated with PBS 

(0.22 ± 0.295; P < .001), PPP (0.11 ± 0.179; P<.001), and RBCs (0.64 ± 0.58; P = .001) 

(Table 3). There was no difference between the IL-1β content of LR-PRP versus LP-PRP 

(0.68 ± 0.56; P = .097). Similarly, IL-6 content was higher in LR-PRP–treated groups 

(32,097.82 ± 22,844.300 pg/mL) compared with PBS (5426.00 ± 3421.896 pg/mL; P < .

001), PPP (1689.96 ± 773.026 pg/mL; P < .001), and RBCs (6794.45 ± 5027.470 pg/mL; P 
< .001). There was no difference between the IL-6 content of LR-PRP versus LP-PRP 

(15,388.3 ± 11,826.2; P = .531). IL-4 content was significantly greater in LR-PRP–treated 

groups (2.90 ± 3.8 pg/mL) compared with PBS (0 ± 0 pg/mL; P < .001), PPP (0 ± 0 pg/mL; 

P < .001), and RBCs (0.22 ± 0.87 pg/mL; P<.001). There was no difference in IL-4 content 

between LR-PRP and LP-PRP (3.61 ± 3.31 pg/mL; P = 1.0).
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LP-PRP

LP-PRP treatment resulted in significantly less cell death (0.72% ± 0.7%) than RBC 

treatment (12.5% ± 6.9%; P < .001) and LR-PRP treatment (4.9% ± 3.1%; P = .035). TNF-α 
levels were greatest in LP-PRP (9.97 ± 3.110 pg/mL), and this was significantly greater 

compared with PBS (0.34 ± 487 pg/mL; P < .001), LR-PRP (3.36 ± 1.943 pg/mL; P<.001), 

and RBCs (1.60 ± 688 pg/mL; P<.001) (Table 3). IL-4 levels were significantly greater in 

LP-PRP (3.61 ± 3.3 pg/mL) compared with PBS (0 ± 0; P < .001), PPP (0 ± 0; P < .001), 

and RBCs (0.22 ± 0.87; P < .001). IL-10 levels were also significantly greater after LP-PRP 

treatment (14.04 ± 14.5) versus PBS (0 ± 0; P = .005), LR-PRP (1.95 ± 3.1; P = .021), and 

RBCs (0 ± 0; P = .004). There was no significant difference in IL-10 levels between LP-PRP 

and PPP (23.03 ± 18.7; P = .204).

Platelet-Poor Plasma

Platelet-poor plasma treatment resulted in significantly less cell death (0.26% ± 0.3%) 

versus RBC treatment (12.5% ± 6.9%; P<.001) and LR-PRP treatment (4.9% ± 3.1%; P = .

013). TNF-α levels in PPP (7.18 ± 5.3 pg/mL) were significantly greater than those in PBS 

(0.34 ± 487; P < .001), LR-PRP (3.36 ± 1.943; P = .043), and RBCs (1.60 ± 688; P<.001). 

There was no significant difference compared with LP-PRP (9.97 ± 3.110; P = .095). IL-10 

levels were also significantly greater in PPP (23.03 ± 18.7 pg/mL) versus PBS (P<.001), LR-

PRP (P<.001), and RBCs (P < .001). There was no significant difference compared with LP-

PRP (14.04 ± 14.5; P = .204).

RBC Concentrate

Synoviocytes treated with RBC concentrate demonstrated significantly greater cell death 

(12.5% ± 6.9%) compared with PBS (P < .001), PPP (P < .001), LP-PRP (P < .001), and 

LR-PRP (4.9% ± 3.1%; P<.001) (Figure 1). IFN-γ levels were greatest in RBCs (64.34 

± 22.987 pg/mL) and significantly greater than all other culture conditions (P < .001) (Table 

3). Red blood cell treatment did not result in the production of a significant amount of anti-

inflammatory cytokines (IL-4, 0.22 ± 0.87 pg/mL; IL-10, 0 ± 0 pg/mL).

DISCUSSION

The purpose of this study was to assess the effect of LR-PRP, LP-PRP, and RBCs on the 

viability and inflammatory mediator production of human synoviocytes. Our results 

demonstrated that LR-PRP and RBC treatment resulted in significant synoviocyte death 

compared with LP-PRP and controls. Treatment with LR-PRP, LP-PRP, and RBCs resulted 

in significantly increased production of proinflammatory mediators. Anti-inflammatory 

mediators were also significantly increased in cultures treated with LR-PRP, LP-PRP, and 

PPP.

Normal synovium is composed of 2 morphologically distinct cell types: phagocytotic, 

macrophage-like synoviocytes and FLS. Fibroblast-like synoviocytes play a largely 

homeostatic role via the production of the extracellular matrix and secretion of hyaluronan 

and lubricin.14,15,25 Fibroblast-like synoviocytes can be activated (injured) through a variety 

of pathways, including stimulation by cytokines, chemokines, growth factors, and bioactive 
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lipids produced by infiltrating leukocytes or other FLS.27 Activation overrides the 

homeostatic function of FLS and instead promotes the production of proinflammatory 

mediators and degradative enzymes. Downstream effects of activation include synovial 

hyperplasia, increased synthesis of proinflammatory mediators, and destruction of cartilage 

extracellular matrix.27

Platelet-rich plasma is commonly injected into tendons and ligaments in the upper and lower 

extremities, but intra-articular injections of PRP have been relatively limited to the treatment 

of knee osteoarthritis (OA). In the past 5 years, clinical studies have demonstrated 

conflicting results on the efficacy of PRP for treatment of OA.§ Older, nonrandomized 

controlled trials consistently reported significant improvements in clinical pain and function 

measurements after multiple intra-articular injections of PRP.9,12,21,22,31,32,39 While these 

results initially appeared encouraging, many of these studies did not account for, or 

document, the leukocyte or erthryocyte concentrations of PRP preparations.

Recent work from 2012 and 2013 has increasingly emphasized the importance of 

characterizing the contents of PRP formulations. The findings in our basic science study that 

LR-PRP resulted in significantly greater cell death and synoviocyte activation compared 

with LP-PRP are relevant when choosing clinical treatments for intraarticular lesions. All 4 

major proinflammatory cytokines (IL-1β, IL-6, IFN-γ, and TNF-α) were significantly 

increased in synoviocyte cultures treated with LR-PRP (Table 4). In addition to the 

significant postinjection pain reported after intra-articular LR-PRP treatment,22 it is 

established that these cytokines incite and perpetuate inflammation and contribute to 

subsequent cartilage degradation 5,40 and, most significantly, that overexpression of TNF-α, 

IL-1β, and IL-6 is sufficient to induce arthritis. 1,17,20 Furthermore, LR-PRP and LP-PRP 

caused a significant production of the anti-inflammatory mediator IL-4, with LP-PRP 

causing the greatest amount of IL-4 and a significantly greater amount of IL-10. Both IL-4 

and IL-10 are potent anti-inflammatory mediators that individually and synergistically 

reduce the production of IL-1β and TNF-α.41,42 The results of the present study, in the 

context of previous clinical and basic science findings, support a transition away from LR-

PRP and toward LP-PRP in the clinical context for intra-articular use; LPPRP activates 

fewer proinflammatory cytokines and more anti-inflammatory cytokines while still 

delivering an increased concentration of platelets to the site of injury.

An additional pertinent finding is the deleterious effect of RBCs on the synovium. 

Hemarthrosis is observed in >90% of patients with joint trauma who have surgically 

significant intra-articular lesions,6 and it has been postulated that the presence of intra-

articular blood may induce cartilage damage directly via iron-catalyzed formation of reactive 

oxygen species16,29,30,36 and indirectly via hemosiderin-induced activation of the synovium.
26,38 The results of our study indicate that synoviocytes are not only killed by RBCs but also 

stimulated to release catabolic mediators such as IFN-γ and members of the IL-1 family. In 

posttraumatic OA specifically, increased levels of IL-1, IL-6, and TNF-α correlate with the 

severity of cartilage damage and inflammatory response after acute injury.5,8,18,23,40 

Furthermore, multiple studies have demonstrated that administration of IL-4 and IL-10 can 

§References 9, 10, 12, 13, 19, 21, 22, 28, 31, 32, 35, 37, 39.
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protect against blood-induced joint injury.41,42 The synoviocytes treated with RBC 

concentrate in our study did not produce a significant amount of either of these anti-

inflammatory mediators. In LR-PRP– and LP-PRP–treated groups, where cell death was less 

extensive than in the RBC-treated group, IL-4 and IL-10 production increased in response to 

the insult. Our findings, in conjunction with the established pathways of intra-articular 

inflammation and degradation, indicate that the presence of RBCs may lead to degenerative 

changes within the joint through the death of synoviocytes, the direct increase of catabolic 

mediators, and the failure to respond with increased levels of crucial anti-inflammatory 

mediators. It appears that caution should be taken to avoid administering RBCs intra-

articularly, which may have implications for clinical treatments such as PRP injection, 

microfracture, and timely aspiration after joint trauma.

There are several limitations of this study. First, monolayer synoviocytes were analyzed 

instead of intact synovial specimens. An intact tissue specimen, which would be present in 

vivo, may afford some protection to the cells that was not appreciated in this investigation. 

Second, this in vitro model is not equivalent to in vivo conditions; our design could only 

approximate the true joint environment. Finally, samples were analyzed at a single time 

point (96 hours), and further studies may reveal different effects at both earlier and later time 

points. Despite these limitations, our results provide evidence that intraarticular 

administration of blood products containing a concentrated amount of leukocytes or RBCs 

may be toxic to synoviocytes and should be used with caution. These findings further 

underscore the need to exercise caution when administering any substance intra-articularly.

CONCLUSION

The results of this study demonstrate that LR-PRP and RBCs are particularly cytotoxic to 

synoviocytes. Both treatments resulted in significant synoviocyte death compared with LP-

PRP, PPP, and PBS. LR-PRP treatment caused a significant increase in proinflammatory 

cytokines IL-1β and IL-6, while RBC treatment caused significant production of IFN-γ and 

LP-PRP treatment caused significant production of TNF-α. These results appear to suggest 

that the interaction of either (a) polymorphonuclear WBCs or (b) erythrocytes with 

synoviocytes results in cell activation, release of proinflammatory mediators, or death. 

Whether due to an injection of LR-PRP or an intraarticular joint bleed (RBCs), it is 

important to recognize that these substances may activate inflammation and lead to synovial 

injury.
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Figure 1. 
Average synoviocyte death for each condition after 96 hours of cell culture. Red blood cell 

treatment resulted in significantly greater cell death compared with all other culture 

conditions (P <.001). LR, leukocyte rich; LP, leukocyte poor; PBS, phosphate-buffered 

saline; PPP, platelet-poor plasma; PRP, platelet-rich plasma; RBC, red blood cell.
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