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Comparative transcriptomic analysis of human mesenchymal stem cells 

derived from dental pulp and adipose tissues 
Introduction 

 

Synthetic materials frequently utilized as fillers of aging skin 

tissue through injection include hyaluronic acid (HA). Hyaluronic 

acid is a glycosaminoglycan, a natural substance in the body 

comprised of disaccharide units. There are advantages and 

limitations of HA skin injections. HA is able to restore volume 

and elevate the amount of collagen in the dermis through 

fibroblast stimulation. This re-volumization also causes water 

retention at various levels, increasing turgor and skin hydration. 

However, HA is mere temporary in collagen and elastin volume 

replacement that continues to disappear and fail to make it 

revert[1]. 

 

These HA preparations possess no durability properties when 

injected, so this HA gel material needs to be modified [2,3]. With 

crosslinking, HA will persist longer, for around 6 to 12 months. 

The optimal degree of HA crosslinking currently has not been 

identified. Very high crosslinking degrees were reported to 

potentially affect filler biocompatibility and lead to rejection or 

encapsulation[3,4]. 

 

In addition to the HA dermal filler, other aging skin therapies are 

using platelet-rich plasma (PRP) material. Recently, a simpler 

method has been developed to obtain platelet-rich material from 

peripheral blood, using platelet-rich fibrin (PRF). By using only 

single centrifugation, platelet lysates from PRF (PRF 

Lysate=PRF-L) can be obtained[5]. It was proven that  PRF-L was  
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Abstract 

 

Introduction: Various therapeutic materials such as hyaluronic acid (HA) and platelet-rich fibrin lysate (PRF-L) have been represented to 

improve chronic fibroblast ulcers and premature aging. HA crosslinking is the most popular dermal filler presently in the therapy of aging skin. 

With the PRF-L properties that are rich in growth factors (GF), the combination of these materials is expected to produce synergistic and 

potentiation effects. 

Objective: This study aimed to determine the effect of various degrees of HA crosslinking on GF levels in PRF-L. 

Materials and Methods: PRF-L was obtained from PRF of healthy adult venous blood with 72 hours of incubation. HA was taken from 

preparations with 3 crosslinking degrees of 3%, 4%, and 10%. Measurement of GF levels was performed using sandwich ELISA method. 

Results: The GF levels released in PRF-L increased with the addition of HA crosslinking. The lower HA crosslinking degree (3%) triggered 

greater release of GF by PRF-L compared to higher HA crosslinking degree (4% & 10%). 

Conclusion: Low degree HA crosslinking elevated all measured GF levels in PRF-L. The lower HA crosslinking degree provoked higher 

release of GF. 

 

also affluent in growth factors (GF). Wirohadidjojo et al., reported 

that PRF-L was able to repair fibroblasts in aging skin due to 

exposure to ultraviolet-A (UVA) rays in vitro[6,7]. 

 

Dermal filler HA crosslinking has been utilized for longer than 15 

years and is considered to be well tolerated. HA possess structural 

properties similar to the original tissue with decent tissue 

integration[8]. The factors influencing the nature of HA as dermal 

filler preparation are concentration, crosslinking, cohesiveness and 

particle size[9]. 

 

Naturally, HA that enters the body will be rapidly damaged by 

hyaluronidase with a half-life of about 12 hours and eliminated 

through the spleen system with hepatic metabolism to become 

carbon dioxide and water. It is very important to fabricate HA gel 

preparations that are durable after being injected. Crosslinking is a 

chemical process in which two or more molecules are joined by 

covalent bonds. The number of cross ties is reported as a percentage 

or degree. This shows the disaccharide ratio with crosslinkers in the 

formulation[2,9]. 

 

The combination of HA and GF derived from PRP has been 

published several times, both for the treatment of skin aging, and in 

the case of osteoarthritis[10]. HA can be utilized as a scaffold in tissue 

techniques to provide three-dimensional templates to improve cell 

growth and GF supply[11]. Combining HA filler with PRP can 

provide a synergistic effect, because HA acts as a scaffold and PRP 

is   inducing   collagen and  generates  fat  cells.   When  injected  in  
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combination with conventional filler in animal models, this PRP 

exhibited both effects, namely the effect of augmentation and 

maintaining the effects of tissue volumization[12]. 

 

This study aimed to determine the effect of HA mixture with various 

degrees of crosslinking on GF levels in PRF-L. 

 

Materials and Methods 

 

This in vitro experimental study was conducted with a post-test 

control group design, at the Research Laboratory of Dermatology and 

Venereology Department, Faculty of Medicine, Gadjah Mada 

University, Yogyakarta, Indonesia. This study had obtained approval 

from the ethics committee of the Faculty of Medicine, Gadjah Mada 

University (Ref: KE/FK/0845/EC/2018). 

 

Preparation of PRF Lysate (PRF-L) 

 

The inclusion criteria for PRF donors were healthy men over the age 

of 17 and willing to undergo venous blood withdrawal. The exclusion 

criteria for PRF donors were donors who consumed drugs influencing 

blood clotting. Consents from participants were obtained and 

legitimated by signing an informed consent. PRF-L sample was taken 

from venous blood of 1 healthy adult. PRF-L was a lysate obtained 

from PRF isolated from volunteer blood with 50% levels dissolved in 

Dulbecco’s minimal essential medium (DMEM) + fetal bovine serum 

(FBS) 1% (Gibco™, Massachusetts, USA)[13]. 

 

PRF was isolated from volunteer blood using a technique developed by 

Choukroun et al.,[6] In brief, PRF isolation was carried out as follows: 

from the volunteer cubital vein, 20 ml of peripheral blood was 

withdrawn without anticoagulants, using a single-use syringe made 

from polystyrene. Blood withdrawal should be done quickly, in less 

than 2 minutes to prevent clotting. The peripheral blood was 

immediately transferred into a sterile glass tube, centrifuged for 10 

minutes in room temperature at 400 G. After 5 minutes and the blood 

clotting process was about to complete, two layers would be formed in 

the tube, the upper layer was PRF jelly with erythrocytes at the below. 

By using sterile tweezers, the jelly was pulled out of the tube and cut 

using sterile scissors on the border of the PRF jelly with erythrocytes. 

The jelly was immediately transferred into a new sterile glass tube.  The  

 

 

PRF jelly was then incubated for 72 hours at 4º C. After it was 

confirmed that the remaining fibrin was attached to the bottom of the  

tube, the supernatant was sucked and transferred into a 2 ml eppendorf 

tube and stored at -20º C until used. This supernatant was the platelet 

lysate. 

 

HA Crosslinking Combination 

 

Crosslinked HA was obtained from dermal filler preparations 

(Teosyal®, Teoxane Laboratories, Switzerland) readily available from 

the market with 3 degrees of crosslinking (3%, 4%, 10%). Each HA 

was available in the form of a sterile gel in a 1 ml preparation in 

injection syringe. HA preparations were from Staphylococus equine 

bacterial fermentation (non-animal stabilized hyaluronic 

acid/NASHA). Mixtures of HA crosslinking (3%, 4%, 10%) with PRF-

L 50% were made using the three-way connecting syringe method 

mixed repeatedly until homogeneous. The HA used in this combination 

was 30% preparation concentration in PRF-L. Comparison of HA and 

PRF-L was 0.3cc HA plus 0.7cc PRF-L.  

 

Growth Factor (GF) Levels Measurement 

 

The measured GF were the ones closely related to the improvement 

of aging skin fibroblasts, namely transforming growth factor-β1 

(TGF-β1), platelet-derived growth factor (PDGF-BB), and basic 

fibroblast growth factor (bFGF). Measurement of GF levels was 

performed using sandwich ELISA (Bio-Rad® Laboratories Ltd., 

California, USA) immediately following the combining of HA 

crosslinking and PRF-L. Samples were centrifuged for 20 minutes at 

1,000 × g. The supernatant was collected and the assay was carried 

out based on the protocol provided by the producer of anti-GF 

antibodies (Cloud-Clone Corp®, Texas, USA). Optical density was 

measured at 450 nm. Measurement of GF levels was done by 3 times 

replication. The optical density obtained was then transformed to unit 

of pg/ml based on the standard solution curves of each GF. 

 

Statistical Analysis 

 

Data were processed with SPSS 21.0 (SPSS Inc., Chicago, USA) and 

presented descriptively in the form of mean + SD. 
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Table 1. Growth factor levels of PRF-L. 

 
Group TGF-β1 (pg/ml) 

Mean ± SD 

PDGF-BB (pg/ml) 

Mean ± SD 

bFGF (pg/ml) 

Mean ± SD 

PRF-L 50 562.16 ± 56.30 279.33 ± 17.12 93.19 ± 20.96 

HA 3 + PRF-L 1178.63 ± 159.17 356.24 ± 36.84 121.05 ± 15.68 

HA 4 + PRF-L 881.92 ± 84.89 186.10 ± 15.39 88.49 ± 10.03 

HA 10 + PRF-L 803.04 ± 52.07 174.26 ± 49.29 145.10  ± 6.20 

 

PRF-L 50: platelet-rich fibrin lysate 50%; HA 3 + PRF-L: hyaluronic acid crosslinking grade 3% with PRF-L; HA 4 + PRF-L: hyaluronic 

acid crosslinking grade 4% with PRF-L; HA 10 + PRF-L: hyaluronic acid crosslinking grade 10% with PRF-L 
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Figure 1.  Growth factor levels of PRF-L. 

 

 

 Results 

 

As exhibited in Table 1, PRF-L with low degree HA crosslinking 

resulted in higher GF release. In PRF-L without HA crosslinking, the 

levels of TGF-β1 was 562.16±56.30 pg/ml, PDGF-BB 279.33±17.12 

pg/ml, and bFGF 93.19±20.96 pg/ml. In group with low degree HA 

crosslinking (3%), the release of GF level was greater than the higher 

degree crosslinking groups (4% and 10%), with TGF-β1 level being 

1178.63±159.17 pg/ml, PDGF-BB 356.24±36.84 pg/ml, and bFGF 

121.05±15.68 pg/ml. As seen in Figure 1, low degree HA crosslinking 

elevated all GF levels compared to higher degree of crosslinking and 

without crosslinking. 

 

PRF-L with 4% HA crosslinking resulted in higher TGF-β1 release 

than the group without HA crosslinking, but lower than 3% HA 

crosslinking group, with TGF-β1 level of 881.92±84.89 pg/ml. For 

other GF levels in the 4% HA crosslinking group, all were lower than 

the group without HA crosslinking and 3% HA crosslinking, namely 

PDGF-BB 186.10±15.39 pg/ml, and bFGF 88.49±10.03 pg/ml. 

 

PRF-L with 10% HA crosslinking resulted in higher TGF-β1 release 

than without HA crosslinking, but lower than the HA crosslinking 

group of 3% and 4%, with TGF-β1 level being 803.04±52.07 pg/ml. 

For other GF levels in the 10% HA crosslinking group, PDGF-BB 

was at the lowest level out of entire groups at 174.26±49.29 pg/ml, 

and bFGF was the highest at 145.10±6.20 pg/ml. 

 

Discussion 

 

Azyenela et al., proved that the addition of HA to PRF improved the 

ability of skin fibroblasts made senescence by the starvation 

method[13]. The hypothesis in this study was that by adding HA 

crosslinking to PRF-L, there would be an elevated GF release in PRF-

L.  The lower crosslinking degree of HA, the greater the release of GF 

by PRF-L[14]. HA is absorbed by selective platelet permeable so it can 

enter the alpha granule and cause GF release.  Hu et al., showed that 

P-selectin expression increased dramatically after PRP interacted with 

biomacromolecule   complex  (HA collagen (I)/chitosan)  films. 

HA which bound to CD44 caused an increase in mitogen-activated 

protein (MAP) kinase and increased the TGF-β receptor to lipid 

association, which facilitated an elevated receptor turnover and 

attenuation of TGF-β1-dependent changes in proximal tubular cell 

function[15]. Further investigation is required to explain the 

mechanism for increasing GF levels. Fibrin tissue is formed by 

fibrinogen conversion. Different fibrin diameters, mass/length ratios, 

density, porosity, and permeability of fibrin tissue can alter cell 

adhesion and migration. Perez et al., found that different PRP 

preparations made different fibrin networks[16]. In the study by Lio et 

al., small fibrin clots were observed in the HA group compared to 

other groups. Viscosuplement with HA inhibited platelet aggregation 

and affected GF release[10]. These results can be applied to the 

clinical application of a mixture of PRP and HA which may be more 

effective than PRP or HA alone for certain tissues. 

 

In this study, it was found that GF levels in PRF-L increased in their 

mixtures with HA crosslinking. GF levels in PRF-L would be 

increased in HA with the lowest crosslinking level of 3%, and 

decreased with increasing crosslinking degree of HA. This was due 

to the ability of HA to trigger the release of GF from platelet 

granules, and the ability of HA to absorb water content in PRF-L so 

that the lower the crosslinking degree of HA produced more 

absorbed water content; this yielded an increase in GF levels in PRF-

L[10]. 

 

With this increased crosslinking of HA, the viscosity and durability 

of HA tend to be more persistent. But the increase in HA 

crosslinking that exceeds a certain point or excessive can cause 

biocompatibility and produce foreign reactions in the body. In a 

recent study, it was found that cytocompatibility was very dependent 

on the type and concentration of crosslinkers and on the composition 

of solvents[8]. The higher concentration of crosslinker used, the more 

rigid the hydrogel properties of HA would be produced, followed by 

the lower ratio of swelling when injected into the skin[17]. The 

optimal degree of crosslinking today has not been identified. A very 

high degree of crosslinking reduced the ability of water to bind HA 

and therefore, increased the volume of tissue. Very high crosslinking 

degrees were reported to potentially affect filler biocompatibility and 
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could cause rejection or encapsulation[3,4]. This was consistent with 

the results of this study where the GF content of PRF-L showed the 

highest number in HA mixtures with the lowest crosslinking degree 

(3%), this may be due to the ability of water withdrawal from PRF-L 

with low HA crosslinking degree, greater than HA with high 

crosslinking degree. Study by Lio et al., proved that HA could 

increase the release of TGF-β1 and PDGF-AA from PRP on day 5[10]. 

The limitation of this study was the examined GF were only three out 

of many potential GF. TGF-β1, PDGF-BB and bFGF were selected 

for analysis due to being the most important growth factors of 

fibroblasts in the aging skin. This study was conducted using lysates 

from PRF due to its practicality, with no requirement of additional 

substances such as PRP, and more GF production than PRP. A study 

by He et al. exhibited the effect of PRP and PRF on proliferation and 

differentiation of rat osteoblasts. Quantitative differences in GF and 

cytokines were observed in different procedures of platelet products. 

The PRP released the highest number of TGF-β1 and PDGF-AB on 

the first day, followed by the release which decreased significantly at 

next time point. PRF released the highest number of TGF-β1 on day 

14 and the highest number of PDGF-AB on day 7. PRF released the 

autologic growth factor gradually and showed stronger and more 

durable effect on the proliferation and differentiation of mouse 

osteoblasts than PRP[18]. In PRF, the isolated platelets were active 

platelets, and therefore, the GF content in the PRF lysate was higher 

even though the release took place more slowly. Platelet activation 

through the stimulated thrombin causes greater release of GF in 

fibroblast growth. Procedures of PRP yield better release of PDGF 

and  Chemokine (C-C motif) Ligand 5 (CCL5), with the possible 

mechanim was platelet degranulation facilitated through the higher 

enrichment in platelets following the  preparation and the  activation  

with  thrombin  and calcium.  Meanwhile,  procedures  of PRF 

efficiently yield  the bFGF, vascular endothelial growth factor 

(VEGF), TGF-β1, and cytokines, derived from leukocytes and 

circulating progenitor cells adhered to the clot of fibrin[18-19]. 

 

Conclusion 

 

Low degree HA crosslinking elevated all GF levels of TGF-β1, 

PDGF-BB, and bFGF in PRF-L. The lower HA crosslinking degree 

provoked higher release of GF in PRF-L. 
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Abbreviations 

 

bFGF  : Basic fibroblast growth factor 

CCL5  : Chemokine (C-C motif) ligand 5 

DMEM  : Dulbecco’s minimal essential medium 

ELISA  : Enzyme-linked immunosorbent assay 

FBS  : Fetal bovine serum 

GF  : Growth factor 

HA  : Hyaluronic acid 

NASHA  : Non-Animal stabilized hyaluronic acid 

PDGF-BB : Platelet derived growth factor-BB 

PRF  : Platelet rich fibrin 

PRF-L  : Platelet rich fibrin-lysate 

PRP  : Platelet rich plasma 

TGF-b1  : Transforming growth factor-b1 

UVA  : Ultraviolet-A 

VEGF  : Vascular endothelial growth factor 
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