
Abstract 

The acceleration and the quality of post surgery healing remain a 

major issue in medical practice. The platelet rich plasma (PRP) has 

been widely investigated and used in many chirurgical feeld like 

orthopedics, dermatology, odontology and gynecology due to its 

properties and simplicity. Despite the increasing number of studies, 

there is no consensus regarding the classification used for different 

types of PRP. Other studies have shown that mesenchymal stromal 

cells (MSC) have been found in human pererefiric blood. The 

quantity and quality of MSCs found in the PRP, seem to directly 

influence the healing results. 

We hypothesize that current PRP protocols are deleterious for 

MSCs so that it would be more effective to decrease the speed 

and duration of centrifugation. Thus the objective of our study was 

to determine the best centrifugation speed and time to optimize 

the composition of PRP, particularly MSC, platelet and leukocyte 

concentration. 

We have shown that peripheral blood could be considered as a 

source of MSCs for regenerative medicine. We develop the concept 

of “soft centrifugation” to obtain a higher concentration of MSCs 

in the PRP from a peripheral blood sample. Our study shows that 

injectable platelet rich fibrine with mesenchymal stromal cells (IPRF 

with MSC) is easy and cheap to produce with minimal effort and can 

be prepared at the point of care. 
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Introductıon 

Multipotent progenitor cells and more precisely mesenchymal 

stromal cells (MSC) have been isolated from adipose tissue, liver, 

tendons, synovial membrane, amniotic fluid, placenta, umbilical 

cord, teeth [1-4] and have also been found in human peripheral blood 

[5]. MSCs display the morphology and surface phenotype of bone 

marrow resident mesenchymal cells and are capable of differentiating 

into bone, cartilage, fat, myoblasts neurons and astrocytes in vitro 

and in vivo [2,3,6,7] . These cells derived from bone marrow may 

constitute a source of autologous cells with critical clinical import. 

Following transplantation in vivo, MSCs migrate to distant organ 

and integrate within the new parenchyma, acquiring the identity of 

resident cells structurally and functionally [5]. 
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The preparation techniques for platelet rich plasma (PRP) have 

in common collecting peripheral blood, followed by centrifugation 

[8]. PRP has been widely investigated and used in orthopedics 

[9,10], dermatology [11], odontology [12] and gynecology [13] due 

to its properties and simplicity to obtain this product. Despite the 

increasing number of studies, there is no consensus regarding the 

classification used for different types of PRP. There are a wide 

variety of commercially approved kits available with many different 

centrifugation protocols resulting variable cellular concentrations. 

These systems change greatly with regard to the blood volume, the 

use of an anticoagulant, the number of spins, the centrifugation 

speed and time, and the plasma volume, resulting in PRP with 

different concentrations of cells [14]. Interestingly, some studies 

found a functional interest to inject MSCs issue from bone marrow 

aspiration in knee osteoarthritis [15-17] and confirmed an articular 

cartilage regeneration using arthroscopy and histology [18]. 

Clinical studies in patients with knee osteoarthritis demonstrate 

clinical improvement several months after injection of PRP in the 

joint, but this treatment shows no superiority compared to the intra-

articular injection of hyaluronic acid [19-22]. This lack of result 

could be explained by the small amount of MSCs in PRP production. 

We hypothesize that current PRP protocols are deleterious for 

MSCs so that it would be more effective to decrease the speed and 

duration of centrifugation. Thus the objective of our study was 

to determine the best centrifugation speed and time to optimize 

the composition of PRP, particularly MSC, platelet and leukocyte 

concentration. 

Methods 

MSC concentration 

Blood samples were collected with the informed consent of 

15 healthy volunteers donors (60 total samples). The Institutional 

Ethic commity / Review Board (IRB) of Nice hospital determined 

that this study did not require IRB review or approval. All donors 

were free of any infectious disease and did not have any abnormal 

consumption of nicotine or alcohol. The subjects were not presently 

under any medications. Peripheral blood samples were collected 

from the antecubital vein in sterile tubes (10 ml) with anticoagulant 

(ACD-A). The samples were centrifuged using the laboratory 

centrifuge (Centrilab 80-2C®) at a constant temperature of 22°C 

with 3 different centrifugation rate (revolution per minutes (rpm); 

centrifuge rotational radius (r), relative centrifugal force RCF (g) = 

11,18 x 10-6 x r x N rpm2) and 2 different times : 700 rpm (37g), at 

1400 rpm (148g), and at 2100 rpm (333g) for 3 and 7 min respectively 

by the same centrifuge machine. 

Then, three layers are formed because of its density: The bottom 

layer consisting of Red Blood Cells (RBCs), the middle layer consisting 

of platelets and white blood cells (WBC) named buffy coat and the top 

supernatant plasma named Platelet Poor Plasma (PPP) layer. Remove 

buffy coat and PPP in new sterile tube, then a fluorescence-activated 

cell sorting analysis was done. All the procedures were realized in 

sterile conditions. 
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Immunofluorescence or Fluorescence-Activated Cell Sort- 

ing (FACS) Analysis 

For all 15 patients, supernatant plasma were diluted in fetal 

bovine serum, then we separated cells on Ficoll density gradient with 

a centrifugation (RFC 200g; 2000 rpm, 10 min). The mononuclear 

cell (MNC) fraction was collected and washed in saline solution, then 

counting by flow cytometry. 

MSCs were characterized according to the criteria defined by 

the International Society for Cellular Therapy by flow cytometry to 

confirm the expression of CD73, CD90, CD105, and CD146 as well as 

documenting lack or very low expression of CD11b or CD14, CD34, 

and CD45 (Dominici et al. 2006). In our study the Cell surface markers 

were evaluated through direct or indirect immunofluorescence : 

CD 44, CD 73, CD 90, CD 105 positive, CD 34 and CD 45 negative 

(Markers BD Bioscience). 

Colony-Forming Unit-Fibroblast Assay 

For six patients at random we try to obtain Colony Forming Unit 

Fibroblast (CFU-F). We separated cells in the supernatant plasma on 

Ficoll density gradient with a centrifugation (RFC 200g; 2000 rpm, 

10 min), and the MNC fraction was collected and washed in saline 

solution. This MNC fraction is put in growth medium, containing 10% 

fetal bovine serum (Gibco, Grand Island, NY, USA) and 100 units/ 

mlPenicillin/Streptomycin (Pen/Strep, Gibco, Grand Island, NY, 

USA) in high glucose Dulbecco’s Modified Eagle’s Medium (DMEM, 

Gibco, Grand Island, NY, USA) and MEM NEAA (100X) Minimum 

Essential Medium Non-Essential Amino Acids (Glycine, L-alanine, 

L-Asparagine, L-Aspartic Acid, L-Glutamic, L-Proline, L-Sérine) 

(Gibco, Grand Island, NY, USA) and cultured in a humidified 

atmosphere at 37°C with 5% CO2. 

The medium was replaced twice a week and non-adherent cells 

were discarded. After two weeks one colony of adherent fibroblast- 

like cells was noticed in one of the seeded specimens. When the 

colony reached the approximate size of 5 cm2, cells were detached and 

seeded in a new flask in growth medium. Cells reached confluence 

after 10 days. Following first confluence, cells were passaged regularly.  

After reaching confluence, cells were subcultured routinely in growth 

medium, using Trypsin/EDTA solution (PAA Laboratories). The 

populations of MSCs were expanded for up to 40 passages. Colony- 

Forming Units-Fibroblastic (CFU-F) assays were performed by 

plating MSCs (P3 to P6) in 6 well plates at 10, 50 and 100 cells/well in 

growth medium, in two replicas. After 14 days under standard culture 

conditions, the cells were fixed with ice-cold methanol and stained 

with 0.3% crystal violet. The number of visible colonies (more than 50 

cells) was counted. 

We seeded 1 × 105 MNCs and 5 × 103 cells, obtained after each 

passage, in 8 cm diameter Petri dishes containing complete α-MEM. 

After 10 days of culture, we counted fibroblastic colonies with more 

than    cells, using a Ma   r n ald-Giemsa coloration (Merck, 

Darmstadt, Germany, http://www.merck.com). 

Platelet and leukocyte concentrations 

Blood samples were collected with the informed consent of 

20 healthy volunteers donors (60 total samples). The subjects who 

were systemically healthy, not presently under any medications 

and any medical problem were included in the study. An informed 

consent was obtained from all the participants included in the study. 

Pregnant women, people aged fewer 18 years, patient with a disorder 

of comprehension whatever the reason (example language barrier), 

patient under trusteeshipor guardianship were systemically excluded. 

Peripheral blood samples were collected from the antecubital vein 

in sterile tubes (10 ml) with anticoagulant (ACD-A). The samples were 

centrifuged using the laboratory centrifuge (Centrilab 80-2C®) using 

the same protocol, at a constant temperature of 22°C with different 

centrifugation rate but onetime: 700 rpm (37 g), at 1000 rpm (75 

g), and at 1400 rpm (148 g) but only during 3 min. Baseline platelet 

and leukocyte count was assessed for all the subjects following which 

PRP was prepared. The platelet and leukocyte count in the PRP was 

determined using coulter counter (Unicel DXH 800 coulter cellular 

analyse system, Beckman Coulter®). All the procedures were realized 

in sterile conditions. 

Statistical analysis 

The mean values and frequency were calculated for the 

demographic variables. Data was analysed with statistical software 

SPSS version 11. Results are expressed as means ± SD. The significance 

of the differences between the means was analyzed using one-way 

and two way analyses of variance (ANOVA) with Tukey multiple 

comparisons test (α =  .  ). Thereb , significant differences  ere 

marked as significantif P values were less than 0.05 (*P < 0.05) and 

highly significantif P values were less than 0.01 (**P < 0.01), 0.001(***P 

< 0.001) or 0.0001 (****P < 0.0001). 

Results 

Part A 

The age range of the 15 subjects included in the study was 25–53 

years (37 years average age) that comprised of 8 males and 7 females. 

The plasma supernatant volume raises and cellular concentration 

decreases with the speed of centrifugation. The mononuclear cells 

detected in the FACS analysis are significantly more important when 

the speeds are low (Figure 1 ). 

The higher rate of MSC was detected with the lowest centrifugation 

force and the shortest time (75g, 700 rpm and 3 min). The time and 

the speed of centrifugation decrease MSC concentration. MSC were 2 

to 3 times lower when centrifugation lasted 7 min compared to 3 min 

(P < 0.0001). The MSC level was respectively 2 and 3 time higher with 

a centrifugation speed at 2100 rpm compared to 1400 and 700 rpm (P 

< 0.001) (Figure 2). 

The cell cultures (CFU ?) of the samples centrifuged at low speed 

and for a short time observed with optical microscopy were more 

prolific compared with those resulting from high speeds and long 

time (2100 rpm and 7 min) (Figures 3-5). We observed the same 

tendency for cells that adhere to the plastic and possess pseudopods 

(Figure 3-5). 

Part B 

The age range of the 20 subjects included in the study was 19– 

65 years (34 years average age) that comprised of 10 males and 10 

females. 

Total platelet number 

The platelets concentration in the PRP obtained by simple 

centrifugation of whole blood was always above baseline. The 

total platelet number within the buffy coat and PPP showed a 

significant increase with RCF reduction (Figure 6). The lowest 

platelet concentration was found in the protocol with the slowest 

http://www.merck.com/
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Figure 2: Number of MSCs. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3: photograph at D8 of culture, left: 700 RPM / 3 min, right: 2100 RPM / 7 min. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4: photograph at D14 of culture, left: 700 RPM / 3 min, right: 1400 RMP / 7 min. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Volume of supernatant recovered after centrifugation and number pf total cells. 
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Figure 6: Total leukocyte number evaluated samples showed the same progression tendency. 

 

centrifugation. The number of platelet was 11% higher when the 

rpm was about 700 compared to the protocol with 1400 rpm. All the 

evaluated samples showed the same progression tendency (Figure 6). 

Total leukocyte number 

The leukocyte concentration from buffy coat and PPP is always 

below the whole blood leukocyte concentration. Reducing the RCF 

led to an increase of the total leukocyte number within the buffy 

coat and PPP. The protocol which was centrifuged with the highest 

RCF (148 g, 1400 rpm and 3min), showed only 700 leukocytes/ 

µl, whereas the third protocol (37 g, 700 rpm and 3min), revealed 

the highest number of leukocytes (2300 leukocytes/µl   (ecart 

type ?) (Figure 7). All evaluated samples showed this same curve 

progression (Figure 7). 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5: photograph at D21 of culture, left: 700 RPM / 3 min, right: 1400 RMP / 7 min. 
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Discussion 

We have demonstrated for the first time that the amount of MSC 

in the PRP depends on the speed and duration of the centrifugation. 

The maximum number of MSC is obtained via a single spin technique 

and a centrifugation of 3 min with 700 rpm. 

Arguments in favor of the technique used 

Since for over 20 years PRP has been used safely in a variety 

of conditions with promising results. The PRP is an interesting 
therapeutic tool because its components have a great similarity with 

the resources necessary for the natural healing process. Scientific 

researches that seek to explain the beneficial mechanisms of this 

treatment have focused on the action of platelets, white blood cells 

and growth factors [23,24]. So far, nobody has assumed that the 

MSCs contained in the PRP play a primordial role in the healing 
mechanism. We have demonstrated the presence of MSCs in the PRP 

prepared with usual speeds and durations, a procedure easy to obtain, 

cheap and without anticoagulant. We were also able to get a higher 

concentration of MSCs by decreasing the speed and the duration 

of the centrifugation. We used a single spin technique, instead of a 

double-spin technique, because the first spin (a hard spin) separates 
the red blood cells from the plasma, the latter layer contains platelets, 

white blood cells, and clotting factors [24]. The usual technique carry 

out a second round (a soft ride) to separates platelets and white blood 

cells, but excluding white blood cells does not seem useful as they 

are important to the healing process. Some studies on MSCs show 
that they attenuate the inflammatory response of the immune system 

[25-27]. Although all clinical studies on PRP use these two steps, 

the second spin could have a detrimental impact on its composition 

by removing white blood cells and destroying MSCs. MSCs have 

probably not been observed previously in the PRP because the double 

centrifugation as well as high speeds and durations are deleterious for 
these cells. Our results could also be of interest in MSCs preparation 

techniques for cellular therapy. Today, the isolation and the culture 

of MSCs may require up to 3 centrifugations with a total duration of 

50 minutes [28,29]. The slow centrifugation method could be a way to 

improve their performances. 

Our results suggest that the “lo  speed centrifugation concept” 

provides a higher platelet and leukocyte concentration, as seen 

in a recent work [30]. These authors developed the “lo  speed 

centrifugation concept”. These findings are also in agreement 

with the observations of other studies [31,32], who reported that a 

lower centrifugation speed and time favoured platelet separation 

and thereby PRP enrichment. These parameters also allow better 

conservation of growth factors and cytokines [30,33]. Using low 

speeds and low time provides a platelet concentrate that does not 

need anticoagulant. Then the product obtained doesn’t interfere 

with hemostasis, one of the parts of the healing and is still liquid so 

that it can be injectable. As this PRP is rich in MSCs, we propose 

to call it plasma rich mesenchymal stem cells (PRMSC). Future 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 7: All evaluated samples showed this same curve progression. 
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research should investigate the best compromise between time and 

centrifugation rate to obtain the best cell activity and thus improve 

the regeneration potential of PRMSC. 

Concerning safety procedure, any concerns of immunogenic 

reactions or disease transfer are eliminated because PRP enriched with 

MSC is prepared from autologous blood. No studies have documented 

that PRP or mesenchymal stem cell infusion promotes adverse 

events including hyperplasia, carcinogenesis, or tumor growth [28- 

35]. Nevertheless, the use of PRP enriched with MSCs must respect 

usual contraindications including the presence of a tumor, metastatic 

disease, active infections, pregnancy or breastfeeding. 

Are plasma rich mesenchymal stem cells (PRMSC) a cellular 

therapy product? 

The presence of non-hematopoietic stem cells in the bone 

marrow (BM) was first suggested by Friedenstein [34]. Pittenger 

isolated MSC from BM by density gradient centrifugation to 

eliminate unwanted cell types and only 0.001% to 0.01% of the cells 

isolated from the density interface were mesenchymal stem cells [6]. 

These cells are able to differentiate into a number of mesenchymal 

phenotypes, including bone, cartilage, fat, myoblasts, neurons and 

astrocytes in vitro and in vivo. They are isolated in vitro by using 

their adhesion capacities on plastic of the culture flasks and by their 

strong proliferation potentials. So far, the majority of clinical studies 

have used high doses of MSCs by culturing bone marrow biopsies. 

MSCs have been studied for clinical research protocols in hematology 

to avoid transplant rejection after myeloablative therapy. Injections 

are given intravenously with doses between 1x106/kg and 10x106/ 

kg and combined with hematopoietic stem cells [35,28,36]. A MSCs 

dose between 25x106 to 125x106 was administered by intra-articular 

injection into the knee joint to test pain reduction in osteoarthritis and 

rheumatoid arthritis [37,38]. They have been studied intravenously at 

1  ×1 ⁶ cells/infusion for their anti-inflammatory effects in COPD 

[39], in patients with locally advanced or metastatic breast cancer 

[29] and in neuromyelitis optica spectrum disorder [40]. CMSs were 
also used to form the bone structure. In bone defect CMSs were 

placed on macroporous hydroxyapatite scaffolds, implanted at the 

lesion sites and in osteogenesis imperfect they were intravenously 

infused [41,42]. The highest doses of CSMs have been used to treat 

patients with stroke and myocardial infarction. One to ten billion 

cells were injected into the middle cerebral artery or intra-carotidally 

and by catheterization of the coronary artery respectively [43-45]. 

Nevertheless, the procedure of BM extraction is traumatic and the 

amount of material extracted is limited. Therefore, exploring new 

sources for obtaining such cells is of great interest. 

Other organs were used to obtain MSCs. Human umbilical cord 

blood-derived MSCs have often been used in clinical trials for aplastic 

anemia [46], Rheumatoid Arthritis [47] and atopic dermatitis [48]. 

Some studies report intra-articular injection of MSCs obtained from 

adipocytes in patients with knee osteoarthritis [49-51]. In the clinical 

trial of Saw and coworkers, autologous peripheral blood precursor 

cells were collected with an automated cell separator (apheresis) 

by central venous access in patients beforehand stimulated by 

hematopoietic growth factor and the product was injected into the 

operated knee joint [51,53]. With our method, the slow centrifugation 

can collect at mean 120 MSCs per 10 ml of peripheral blood. To our 

knowledge, only two clinical trials have tested the efficacy of stem 

cells taken from a simple peripheral blood sample without culture 

before intra-articular injection but they were isolated in a CS3000 

plus Fenwal (USA) separator which selected only CD34+ cells [54, 

55]. Although injected cells were not just MSCs, functionnal scores 

and imaging exams improved in across all scales. 

In bone marrow mesenchymal stem cells occur at very low 

frequencies of 2 to 5 MSCs/1x106 mononuclear cells. The number 

of cells isloated per blood sample is limited and ex-vivo expansion 

is imperative in order to reach clinically meaningful cell numbers. 

Faced with the growing interest of MSCs for regenerative medicine, 

the isolation and purification techniques have been improved [56- 

58]. Rapid proliferation of these cells in vitro allows its expansion by 

a factor of 103 within 14 to 21 days of culture [58]. If these methods 

improve, a simple blood sample could replace the others invasive 

collection methods to use MSCs as treatment. 

The cell multiplication technique is not necessary to make 

PRMSC. The number of MSCs remains low, but in a cell environment 

suitable to the repair of lesions. PRMSC could therefore be used 

routinely in the current indications of the PRP because it comes 

out of the definition of tools for cell therapy. Indeed, 1) there is 

no substantial manipulation of SMCs or cell multiplication, 2) the 

autologus product is injected directly after obtaining. Nevertheless, 

as MSCs are used to replace failing cells, bioethics laws should rule. 

Limitations 

Fibrinogen, the major component of the blood coagulation 

process, play a crucial role in tissue repair by providing an interim 

matrix that supports cell adhesion, proliferation and migration 

involved in wound repair. It has also been shown that fibrin binds 

MSCs with hight affinity [59]. In our study, we have focus on cellular 

components present in PRP, whereas it would have been easy to 

obtain fibrinogen concentration. 

The Growth Factors, major components of tissue healing, have 

not been measured, but Choukroun and Ghanaati proves that their 

concentrations follow the concentration of platelets [30]. Our method 

of soft centrifugation probably enriches PRP-based fluid matrices 

with growth factors. 

An important bias of our study was the need for rapid and 

prolonged centrifugation before switching to the flow cytometry, which 

could potentially have significantly decreased the number of MSCs. The 

number of MSCs obtained in our results is probably underestimated. 

The characteristics of MSCs has been defined by the International 

Society for Cellular Therapy. They include a set panel of cluster of 

differentiation, plastic adherence and differentiation capacity along 

the mesenchymal lineages. Surface markers CD29, CD44, CD73, 

CD90, CD105, CD166 are positifs and CD14, CD31, CD34, CD45 are 

negatifs [60]. Due to the limiting techniques of the flow cytometer, 

we have been constrained for the number of clusters to analyze. We 

characterized the expression of CD44, CD73, CD90, CD105, CD146 

as well as the lack or very low expression of CD11b or CD14, CD34, 

CD45. We did not focus about CD29 because CD90 is also a cell 

adhesion molecule [61]. We left CD31 because it was not in the criteria 

of Cesselli et al. who found the first CSMs in the peripheral blood [5]. 

CD34 and CD45 are almost ubiquitously related to hematopoietic 

cells [62,63]. Clinical studies used different differentiation clusters 

to characterize MSCs, but CD44+, CD73+, CD90+ and CD105 

are frequently choosen [28,64,37]. Many phenotypically distinct 

progenitor cells have been described in the peripheral blood MSCs 

in both laboratory animals and humans [65,66]. New subpopulation 

is progressively identified. For exemple, CD271+ MSCs have a 

greater chondrogenic potential [67] and CD106+ MSCs have a 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Mifune%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23044363
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greater immunoregulatory activity [68]. Knowledge about MSCs is 

constantly evolving and the determination of differentiation clusters 

is still in progress. Most importantly MSCs possess an ability to form 

colonies comprising non refringent spindle-shaped cells deriving from a 

single cell. We evaluated the cloning efficiency (number of CFU-F/5,000 

seeded cells) of MSCs obtained from peripheral blood and we obtained 

few fibroblastic colonies (3.5 ± 1.5 CFU-F/5,000 seeded cells), which is 

the obvious proof that these cells are indeed stem cells. 

Conclusions 

Our results suggest that peripheral blood could be considered as a 

source of MSCs for regenerative medicine. We develop the concept of 

“soft centrifugation” to obtain a higher concentration of MSCs in the 

PRP from a peripheral blood sample. Our study shows that injectable 

platelet rich fibrine with mesenchymal stromal cells (IPRF with MSC) 

is easy and cheap to produce with minimal effort and can be prepared 

at the point of care. Future studies are necessary to evaluate possible 

clinical benefits of PRMSC compared to classic PRP. 
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