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ABSTRACT Platelet-rich plasma (PRP) is used in medicine as a source of au-
tologous growth factors in different indications. At present, PRP is applied 
increasingly frequently in aesthetic medicine with the aim of skin revital-
ization. Until now, the mechanisms of PRP effects in healthy human skin 
treated with aesthetic goals have not been identified in detail. This study 
aimed to examine PRP effects on the synthesis of procollagen type I in hu-
man skin. This study was a prospective, single-center, single-dose, open-la-
bel, non-randomized controlled clinical study. The study was conducted on 
a group of 10 volunteers in whom forearm skin was injected with PRP, while 
the placebo control group received injections of 0.9% NaCl. Expression of 
procollagen type I was examined after 21 days using immunohistochem-
istry. The study demonstrated that skin fragments subjected therapy using 
PRP demonstrated a significantly higher expression of procollagen than that 
which was observed in placebo controls. The study demonstrated that PRP 
stimulated collagen expression in healthy human skin. 

KEY WORDS: platelet-rich plasma, skin, collagen, immunohistochemistry, 
aesthetic medicine

INTRODUCTION
Platelet-rich plasma (PRP) represents a concen-

trate of autologous platelets of a patient, containing 
around 1 mln. thrombocytes in 1 mm3, an admixture 
of other blood cells, and proteins, fibrin, fibronectin, 
and vitronectin. Activated platelets are release by de-
granulation of numerous growth factors, which are 
used to initiate wound healing. Until now, around 30 
various types have been isolated and estimated, con-
tained in granules of the α of thrombocytes. The most 
clearly identified among them include PDGF, TGF-β, 
VEGF, EGF, KGF, IGF, etc. (1-4). 

Clinically, PRP has been applied for around 20 
years. At the beginning, PRP was applied in maxillo-
facial surgery, in which it clearly accelerated heal-
ing of post-procedural wounds and provided a very 
good method for filling tissue defects. Good results 
were also obtained in orthodontics in the treatment 
of periodontitis. In orthopedics, PRP is used in the 
treatment of tendon traumas, particularly to the 
Achilles tendon but also for other tendons. Promis-
ing data point to better healing of diabetic foot and 
other chronic, difficult to heal wounds following  
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application of PRP. Clinical application of PRP is linked 
to its favorable effect on wound healing, particularly 
for chronic wounds, reduced incidence of infections 
and post-operative pain, and reduced blood loss fol-
lowing procedures of various type (5-12). In plastic 
surgery, application of growth factors from autolo-
gous blood initially focused mainly on application 
of fibrin-based tissue glues, employed to improve 
hemostasis, to ensure better attachment of grafted 
tissue flaps, and as a factor improving fat grafting 
outcomes (13-16). 

In recent years, the application PRP has been in-
troduced to aesthetic medicine on order to revital-
ize healthy skin. The widespread clinical use of PRP 
in aesthetic medicine is not supported by either bio-
logical studies on the effects of PRP on healthy hu-
man skin or clinical studies on statistically significant 
differences between patient groups. In experimental 
conditions, PRP was found to reduce formation of 
wrinkles under effect of UVB radiation (17). PRP has 
also been show to increase expression of TGF-β pro-
tein in the skin of patients with melasma (18). In vitro 
studies have shown that PRP can stimulate fibroblast 
proliferation and migration (19), collagen and β1-
integrin receptors (20), that it induces increased ex-
pression of G1 cell cycle regulators, type I collagen, 
and matrix metalloproteinase-1 in human skin fibro-
blasts (21), and that it promotes fibroblasts viability, 
migration, spreading, proliferation, and mRNA levels 
of known mediators of dermal biology, including 
PDGF, TGF-beta, and fibronectin (22). Based on histo-
logical evidence, PRP injected in the deep dermis and 
immediate subdermis induces soft-tissue augmenta-
tion, activation of fibroblasts, and new collagen de-
position, as well as new blood vessels and adipose 
tissue formation (23,24). Few clinical studies have 
been conducted on the effects of PRP on healthy 
human skin. In 2010 PRP was found to significantly 
improve skin traits subjectively evaluated by patients 
and measured using several scales (25). Other stud-
ies, performed on 31 (26), 11 (27), 27 (28), and 20 (29) 
patients have shown clinical improvement after dif-
ferent PRP procedures in aesthetic indications. 

There are many different PRP harvesting kits avail-
able on the market today. They have been classified 
into leukocyte-poor, leukocyte and fibrin-poor PRP, 
leukocyte-poor PRF, and leukocyte- and fibrin-rich 
PRF (30). In addition, the kits differ in anticoagulants, 
percent of platelet recovery, platelet viability, and dif-
ferent concentrations of growth factors. Presence of 
growth factors and cytokines and their clinical activ-
ity depends on the concentration of the proteins in 
platelets, the technique of PRP preparation, and on 

the methods by which activity of the factors is mea-
sured (31,32). It has been demonstrated that these 
parameters can significantly influence their biologi-
cal activity. It seems to be necessary to determine the 
precise effects of the individual types of kits (33). 

Type I collagen plays a crucial role in the skin. It 
provides structural support, helps maintain skin firm-
ness, and contributes to its elasticity. This type of col-
lagen is responsible for the overall strength and re-
silience of the dermis, making it a key component in 
preventing wrinkles and sagging. Given that the aim 
of this study was to study the induction of collagen 
expression, our study assessed the expression of type 
I procollagen. The aim of this study was to investigate 
the effect of PRP from one of the popular commer-
cially available kits on the synthesis of type I procol-
lagen in healthy human skin. 

PATIENTS AND METHODS

Patients
This study was a prospective, single-center, sin-

gle-dose, open-label, non-randomized controlled 
clinical study. The study was performed on a group 
of 10 volunteers (Table 1). The patients provided in-
formed consent before their inclusion into the study. 
The study protocol conformed to the ethical guide-
lines of the Declaration of Helsinki as reflected in 
approval by the institution’s human research review 
committee. PRP and placebo (0.9% NaCl) were placed 
in a 1 mL syringe (Luer Lock, BD®), coupled to the 30 G 
needle. The application was performed in a subder-
mal plane in an area of 1 cm. 1 mL of autologous PRP 
was injected intradermally into the skin of the left 
forearm, while 1 mL of placebo was injected into the 
skin of the right forearm. 

Table 1. Characteristics of volunteers

No

 

Sex Age Menopausal 
status

Signs of 
photoaging

1 Male 39 - None
2 Female 45 premenopausal None
3 Female 49 postmenopausal None
4 Female 33 premenopausal Yes
5 Male 34 - None

6 Female 43 premenopausal None
7 Female 38 premenopausal None
8 Female 44 premenopausal None
9 Male 29 - None
10 Female 31 premenopausal None
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PRP preparation and application
All the PRP was obtained using the commercially 

available Regeneris Kit (Lea Futur, Poland). Blood from 
the basilic vein was sampled using a vacutainer. The 
kit was equipped with a butterfly 21 G needle, a vacu-
tainer kit, calcium chloride, a 2 mL syringe and a 30 G 
needle. An 8 mL blood sample was aspirated from a 
patient’s peripheral vein in tubes containing sodium 
citrate anticoagulant. The special 8 mL test tube was 
prepared. The tubes were equipped with a separator 
that centrifugally separated red and white cells from 
PRP. The test tube was centrifuged at 3,000 rpm over 
5 minutes. The separating gel yielded around 4 mL of 
plasma supernatant and a cellular sediment. Using a 
1 mL syringe, 0.9 ml PRP was sampled from the tube 
and mixed in the same syringe with 0.1 mL of 10% 
calcium gluconate. The obtained suspension was 
carefully mixed, and the entire content of the syringe 
was intradermally injected into the skin of the fore-
arm, previously anaesthetized with EMLA cream. The 
skin of the other forearm, also anaesthetized, was in-
jected with sterile 0.9% NaCl (placebo control) using 
an analogous needle and syringe.

Skin biopsies
Twenty-one days later, punch biopsies of the in-

jected sites were performed. Two biopsies were ob-
tained under local anesthesia from each patient. The 
biopsies were obtained using disposable sterile biop-
sy punches of a standard type (Miltex Inc, CITO Inno-
vative Solutions, Poland). Subsequently, the material 
was fixed in 10% buffered formalin and embedded in 
paraffin.

Immunohistochemistry
Formalin-fixed, paraffin embedded tissue was 

freshly cut (4 µm). The sections were mounted on 
Superfrost slides (Menzel Gläser, Germany), dewaxed 
with xylene, and gradually rehydrated. Activity of en-
dogenous peroxidase was blocked by 30 min incuba-
tion in 1% H2O2. The sections were boiled for 15 min 
in a microwave oven at 250W in Antigen Retrieval 

Solution (DakoCytomation, Denmark). This was fol-
lowed by immunohistochemical reactions using the 
monoclonal mouse antibody against procollagen 
type I (clone Pc8-7; LifeSpan BioSciences, Seattle, 
WA, USA). The antibodies were diluted 1:100 in the 
Antibody Diluent, Background Reducing (DakoCyto-
mation, Denmark). Tested sections were incubated 
with antibodies for 1 h at room temperature. Subse-
quent incubations involved biotinylated antibodies 
(15 min, room temperature) and streptavidin-bioti-
nylated peroxidase complex (15 min, room tempera-
ture) (LSAB+, HRP, DakoCytomation, Denmark). DAB 
liquid+ (DakoCytomation, Denmark) was used as a 
chromogen (7 min, at room temperature). All the sec-
tions were counterstained with Meyer’s hematoxy-
lin. In every case, control reactions were included, in 
which a specific antibody was substituted with the 
Primary Mouse Negative Control (DakoCytomation, 
Denmark).

Scoring of immunostaining results
The intensity of the immunohistochemical reac-

tions was appraised using the semi-quantitative im-
munoreactive score (34), in which the intensity of the 
reaction and the percentage of positive cells were 
considered. The final result represented a product 
of scores given for individual traits and ranged from 
0 to 12. The intensity of the reactions was evaluated 
independently by two pathologists. In case of diver-
gences, the evaluation was repeated using a double-
headed microscope (Table 2).

Statistics
Statistical analysis of the results was performed 

using Statistica 2007 PL (Statsoft, Kraków, Poland) 
software. In order to compare the intensity of pro-
collagen expression on PRP-injected skin and in the  

Table 2. Evaluation criteria of procollagen type I 
expression using IRS (ImmunoReactive Score) 

Percentage of 
positive cells

Points Intensity of 
reaction

Points

No positive cells 0 No reaction 0
<10% positive cells 1 Weak reaction 1
10-50% positive cells 2 Moderate reaction 2
51-80% positive cells 3 Intense reaction 3
>80% positive cells 4    
 

Figure 1. Immunohistochemical localization of procolla-
gen type I expression (brown color) in: (A) placebo-treated 
skin; (B) PRP-treated skin of the same patient. 
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placebo control and to compare the intensity be-
tween individual clinical subgroups treated with PRP, 
Mann-Whitney U-tests of and Kruskal-Wallis ANOVA 
rank tests were employed. P values <0.05 were con-
sidered to indicate significant differences. 

RESULTS
The conducted immunohistochemical reactions 

resulted in a color reaction located in the cytoplasm 
of fibroblasts. The intensity of the reaction varied be-
tween the preparations. In the PRP-treated group, 
mean intensity of the reaction was to 9.28±1.84 SD 
in the IRS score, while in the placebo group it was 
2.02±2.54 SD (IRS score) (Figure 1).

The intensity of procollagen type I expression 
proved to be higher in the papillary dermis compared 
with the reticular dermis (Figure 2).

Statistical analysis demonstrated that expression 
of procollagen type I was significantly more pro-
nounced in the skin samples subjected to autolo-
gous PRP compared with the placebo-treated skin 
(P=0.0012) (Figure 3).

Analysis of the relationships between the intensi-
ty of the studied protein expression on one hand and 
age or sex on the other demonstrated no significant 
differences. However, due to the very small sample of 
examined individuals, the result cannot be regarded 
as reliable.

No unfavorable effects were observed in any of 
the examined cases. The patients only complained of 
a slight discomfort at the site of administration, per-
sisting for a few hours. Additionally, reddening and 
a slight edema on the injection site lasting for a few 
hours after administration were noted.

DISCUSSION
In aesthetic medicine, PRP is currently used to 

stimulate regenerative processes in the skin and 
to achieve a revitalization effect. Few experimen-
tal studies point to a potential for skin-targeted ef-
fects of PRP. Krasna et al. found that PRP stimulates 
proliferation of fibroblasts in vitro (35). Other studies 
demonstrated in vitro that PRP stimulates collagen 
expression in cultured cells of anterior cruciate liga-
ment (36,37). Kim et al. (38) used cultured human der-
mal fibroblasts to show that PRP induces cell prolif-
eration. Additionally, PRP increased the expression of 
type I collagen, MMP-1 protein, and mRNA in human 
dermal fibroblasts. Cho et al. also performed a cell 
culture experiment (21) showing that PRP treatment 
induced increased rates of cell proliferation and cell 
migration. In addition, expression of Rb, cyclin E, and 
cyclin-dependent kinase 4 proteins was increased by 
a high concentration (5%) of PRP-treated human skin 
fibroblasts. High concentration of PRP induced an 
up-regulation of type I collagen, MMP-1, and MMP-2 
expression in studied fibroblasts. 

In treatments aimed at improving the quality of 
the skin, PRP is used either as monotherapy or in 
combination therapy. In the case of monotherapy, 
PRP is administered in the form of mesotherapy, i.e. 
numerous microinjections into the treated area. An 
interesting observation arose in the work of Redae-
lli et al. (20). This study on the effectiveness of PRP 
monotherapy carried out on a group of 23 patients 

Figure 3. Mean expression of procollagen type I in PRP-
treated skin and in placebo-treated skin.

Figure 2. Immunohistochemical localization of procolla-
gen type I in PRP-treated skin. The expression is more pro-
nounced in the papillary dermis compared with the reticu-
lar dermis.

Surowiak et al. Acta Dermatovenerol Croat
PRP stimulates collagen type I synthesis in human skin 2023;31(4):171-177



ACTA DERMATOVENEROLOGICA CROATICA 175

yielded interesting results. Patient satisfaction with 
the procedure performed was higher than that of the 
physician. These data show that patient satisfaction is 
important in assessing the effectiveness of this type 
of therapy, because this parameter is related to the 
subjective feelings of the patient that are not measur-
able for the physician. Significantly more data exist 
when PRP is used in combination with other meth-
ods, mainly with procedures based on the produc-
tion of microtraumas. In this type of surgery, PRP was 
usually used to treat atrophic scars and stretch marks. 
Significantly higher effectiveness of treatments com-
bined with PRP compared with monotherapy with 
the use of microneedling or various fractional lasers 
was described (39-43).

As mentioned above, due to the large differences 
between individual PRP kits, each should be tested 
separately. In the case of studied kit, the study by 
Abuaf et al. (24) showed that after 28 days from the 
injection, the skin of patients had a greater amount 
of collagen fibers compared with the placebo group. 
Collagen was detected by Masson’s thichrome histo-
logical staining. 

We studied the procollagen expression 3 weeks 
after injection because procollagen type I appears 
in the early stages of the wound healing process, 
typically within the first few days following injury or 
surgery. It is a form of collagen produced in response 
to skin or tissue damage. Pro-collagen is later trans-
formed into mature collagen, which is crucial for re-
building tissue structure and restoring full strength. 
The wound healing process is complex and involves 
multiple stages, with collagen type I playing a key 
role in the formation of new collagenous tissue and 
the restoration of skin integrity. Already in the early 
phase of inflammation, fibroblasts begin to synthe-
size new collagen under the influence of TGF and 
PDGF. It is believed that the process of synthesis of 
this component of the extracellular matrix begins 4 to 
5 days after injury. In the 3rd week, the process of syn-
thesis is intensified in most cases. Taking into account 
the fact that we determined the expression of procol-
lagen in our study, the time of biopsy seems to be ad-
equate. In our work, based on immunocytochemistry 
performed 21 days after injection, we showed signifi-
cantly higher expression of type I procollagen in the 
skin of patients treated with PRP compared with pla-
cebo. The phenomenon has been documented in all 
patients. Due to the limited size of the group, no re-
lationships could be documented between age, sex, 
and menopausal status on one hand and sensitivity 
to PRP on the other. No serious undesirable effects of 
PRP were detected in the present study. Determina-
tion of procollagen is better evidence of the stimula-

tion of collagen expression in comparison with classi-
cal histological tests, especially in such small groups 
of patients. Expression of procollagen type I in PRP-
induced skin has been found to be more pronounced 
in papillary dermis as compared with reticular dermis. 
The phenomenon most probably reflectes the fact 
that papillary dermis contains less differentiated cells, 
with potentially higher sensitivity to growth factors 
(44). 

CONCLUSION
In summary, we have demonstrated that PRP ob-

tained from the studied kit stimulated expression of 
procollagen type I in the human skin. The study indi-
cated that PRP injections may represent an interest-
ing skin-revitalizing procedure. For an appropriate 
clinical application, examination of a few additional 
aspects the method is required:
-  the relationships between the technique of the 

procedure, volume of injected PRP, and the effi-
cacy of the procedure

-  the relationship between patient age and the ef-
ficacy of PRP

-  determination of PRP dosage: how frequently and 
how many times the procedure should be applied 
in a series to obtain the desired effects

-  in the next study, biopsies should be taken in the 
treated area 3 months and not 3 weeks after the 
treatment, since most of the new collagen needs 
a fairly long time to develop. We cannot be sure if 
the symptoms of the start of new collagen produc-
tion result in a clinical improvement. If such a study 
is performed, visualization using OCT, ultrasound, 
or confocal microscopy could also help evaluate 
the collagen increase in a non-invasive way.

References:
1. Wadhwa M, Seghatchian MJ, Lubenko A, Contre-

ras M, Dilger P, Bird C, et al. Cytokine levels in pla-
telet concentrates: quantitation by bioassays and 
immunoassays. Br J Haematol. 1996;93:225-34.

2. Ledent E, Wasteson A, Berlin G. Growth factor re-
lease during preparation and storage of platelet 
concentrates. Vox Sang. 1995;68:205-9.

3. Lorente-Pérez-Sierra A, Ortega-Aranegui R, 
Martín-Ares M, López-Quiles-Martínez J, Martí-
nez-González JM. Quantification of growth fac-
tors by using a new system for obtaining pla-
telet-rich plasma. Med Oral Patol Oral Cir Bucal. 
2011;6:e614-8.

4. Pierce GF, Mustoe TA, Altrock BW, Deuel TF, Tho-
mason A. Role of Platelet Derived Growth Factor 

Surowiak et al. Acta Dermatovenerol Croat
PRP stimulates collagen type I synthesis in human skin 2023;31(4):171-177



176 ACTA DERMATOVENEROLOGICA CROATICA

in Wound Healing. J Cell Biochem. 1991;45:319-
26. 

5. Welsh WJ. Autologous Platelet Gel - Clinical Fun-
ction and Usage in Plastic Surgery. Cosmetic Der-
matology. 2000;5:13-8. 

6. Carroll CMA, Carroll SM. Augmentation of Ske-
letal Muscle Flap Survival using Platelet Derived 
Growth Factor. Plastic and Reconstructive Surge-
ry. 1998;E102:407-15. 

7. Pierce GF, Vande Berg J, Rudolph R, Tarpley J, 
Mustoe TA. Platelet-derived growth factor-BB 
and transforming growth factor beta 1 selecti-
vely modulate glycosaminoglycans, collagen, 
and myofibroblasts in excisional wounds. Am J 
Pathol. 1991;138:629-46.

8. Pierce GF, Tarpley JE, Yanagihara D, Mustoe TA, Fox 
GM, Thomason A. Detection of Platelet Derived 
Growth Factor (PDGF-AA) in Actively Healing Hu-
man Wounds Treated with Recombinant PDGF-
BB and Absence of GDGF in Healing Wounds. 
Journal Clinical Investigation. 1995;96:1336-50. 

9. Folkman J. Is There a Field of Wound Pharmaco-
logy? Annals of Surgery. 1992;244:1-2. 

10. Paoloni J, De Vos RJ, Hamilton B, Murrell GA, 
Orchard J. Platelet-rich plasma treatment for li-
gament and tendon injuries. Clin J Sport Med. 
2011;21:37-45.

11. Scimeca CL, Bharara M, Fisher TK, Kimbriel H, 
Armstrong DG. Novel use of platelet-rich plasma 
to augment curative diabetic foot surgery. J Dia-
betes Sci Technol. 2010;4:1121-6.

12. Frykberg RG, Driver VR, Carman D, Lucero B, Borr-
is-Hale C, Fylling CP, et al. Chronic wounds trea-
ted with a physiologically relevant concentration 
of platelet-rich plasma gel: a prospective case se-
ries. Ostomy Wound Manage. 2010;56:36-44.

13. Man D, Posker H, Winland-Brown A, Jill E. The 
Use of Autologous Platelet-Rich Plasma (Platelet 
Gel) and Autologous Platelet-Poor Plasma (Fibrin 
Glue) in Cosmetic Surgery. Plastic and Recon-
structive Surgery. 2001;3:229-39. 

14. Green DM. Platelet Gel as an Intraoperatively 
Procured Platelet-Based Alternative to Fib-
rin Glue. Plastic and Reconstructive Surgery. 
1998;101:1161-2. 

15. Chai J, Ge J, Zou J. Effect of Autologous Platelet-
Rich Plasma Gel on Skin Flap Survival. Med Sci 
Monit. 2019;25:1611-20.

16. Luck J, Smith OJ, Mosahebi A. A Systematic Re-
view of Autologous Platelet-Rich Plasma and Fat 
Graft Preparation Methods. Plast Reconstr Surg 
Glob Open. 2017;5:e1596.

17. Cho JM, Lee YH, Baek RM, Lee SW. Effect of pla-
telet-rich plasma on ultraviolet b-induced skin 
wrinkles in nude mice. J Plast Reconstr Aesthet 
Surg. 2011;64:e31-9.

18. Hofny ERM, Hussein MRA, Ghazally A, Ahmed 
AM, Abdel-Motaleb AA. Increased expression of 
TGF-β protein in the lesional skins of melasma 
patients following treatment with platelet-rich 
plasma. J Cosmet Laser Ther. 2019;21:382-9.

19. Cho EB, Park GS, Park SS, Jang YJ, Kim KH, Kim KJ, 
et al. Effect of platelet-rich plasma on prolifera-
tion and migration in human dermal fibroblasts. 
J Cosmet Dermatol. 2019;18:1105-12.

20. Guszczyn T, Surażyński A, Zaręba I, Rysiak E, 
Popko J, Pałka J. Differential effect of platelet-
rich plasma fractions on β1-integrin signaling, 
collagen biosynthesis, and prolidase activity in 
human skin fibroblasts. Drug Des Devel Ther. 
2017;11:1849-57.

21. Cho JW, Kim SA, Lee KS. Platelet-rich plasma in-
duces increased expression of G1 cell cycle regu-
lators, type I collagen, and matrix metalloprotei-
nase-1 in human skin fibroblasts. Int J Mol Med. 
2012;29:32-6.

22. Wang X, Yang Y, Zhang Y, Miron RJ. Fluid platelet-
rich fibrin stimulates greater dermal skin fibro-
blast cell migration, proliferation, and collagen 
synthesis when compared to platelet-rich plas-
ma. J Cosmet Dermatol. 2019;18:2004-10.

23. Sclafani AP, McCormick SA: Induction of dermal 
collagenesis, angiogenesis, and adipogenesis in 
human skin by injection of platelet-rich fibrin 
matrix. Arch Facial Plast Surg. 2012;14:132-6.

24. Abuaf OK, Yildiz H, Baloglu H, Bilgili ME, Simsek 
HA, Dogan B. Histologic Evidence of New Col-
lagen Formulation Using Platelet Rich Plasma 
in Skin Rejuvenation: A Prospective Controlled 
Clinical Study. Ann Dermatol. 2016;28:718-24.

25. Redaelli A, Romano D, Marcianó A. Face and neck 
revitalization with platelet-rich plasma (PRP): 
clinical outcome in a series of 23 consecutively 
treated patients. J Drugs Dermatol. 2010;9:466-
72.

26. Lee ZH, Sinno S, Poudrier G, Motosko CC, Chiodo 
M, Saia W, et al. Platelet rich plasma for photoda-
maged skin: A pilot study. J Cosmet Dermatol. 
2019;18:77-83. 

27. Everts PA, Pinto PC, Girão L. Autologous pure pla-
telet-rich plasma injections for facial skin rejuve-
nation: Biometric instrumental evaluations and 
patient-reported outcomes to support antiaging 
effects. J Cosmet Dermatol. 2019;18:985-95.

Surowiak et al. Acta Dermatovenerol Croat
PRP stimulates collagen type I synthesis in human skin 2023;31(4):171-177



177ACTA DERMATOVENEROLOGICA CROATICA

28. Alam M, Hughart R, Champlain A, Geisler A, Pa-
ghdal K, Whiting D, et al. Effect of Platelet-Rich 
Plasma Injection for Rejuvenation of Photoaged 
Facial Skin: A Randomized Clinical Trial. JAMA 
Dermatol. 2018;154:1447-52.

29. Aust M, Pototschnig H, Jamchi S, Busch KH. Plate-
let-rich Plasma for Skin Rejuvenation and Treat-
ment of Actinic Elastosis in the Lower Eyelid Area. 
Cureus. 2018;10:e2999.

30. Kaux JF, Bruyere O, Croisier JL, Forthomme B, Leo 
Goff C, Crielaard JM. One-year fol-low-up of pla-
te-rich plasma infiltration to treat chronic proxi-
mal patellar tendinopathies. Acta Orthop Belg. 
2015;81:251-6.

31. Mazzucco L, Balbo V, Cattana E, Guaschino R, Bor-
zini P. Not every PRP-gel is born equal. Evaluation 
of growth factor availability for tissues through 
four PRP-gel preparations: Fibrinet, RegenPRP-
Kit, Plateltex and one manual procedure. Vox 
Sang. 2009;97:110-8.

32. Weibrich G, Kleis WK, Hitzler WE, Hafner G. Com-
parison of the platelet concentrate collection sys-
tem with the plasma-rich-in-growth-factors kit to 
produce platelet-rich plasma: a technical report. 
Int J Oral Maxillofac Implants. 2005;20:118-23.

33. Graziani F, Ivanovski S, Cei S, Ducci F, Tonetti M, 
Gabriele M. The in vitro effect of different PRP 
concentrations on osteoblasts and fibroblasts. 
Clin Oral Implants Res. 2006;17:212-9.

34. Remmele W, Stegner HE. Recommendation for 
uniform definition of an immunoreactive score 
(IRS) for immunohistochemical estrogen recep-
tor detection (ER-ICA) in breast cancer tissue. 
Pathology. 1987;8:138-40.

35. Krasna M, Domanović D, Tomsic A, Svajger U, Je-
ras M. Platelet gel stimulates proliferation of hu-
man dermal fibroblasts in vitro. Acta Dermatove-
nerol Alp Panonica Adriat. 2007;16:105-10.

36. Fallouh L, Nakagawa K, Sasho T, Arai M, Kitahara 
S, Wada Y, et al. Effects of autologous platelet-rich 
plasma on cell viability and collagen synthesis in 

injured human anterior cruciate ligament. J Bone 
Joint Surg Am. 2010;92:2909-16.

37. Cheng M, Wang H, Yoshida R, Murray MM. Pla-
telets and plasma proteins are both required to 
stimulate collagen gene expression by anterior 
cruciate ligament cells in three-dimensional cul-
ture. Tissue Eng Part A. 2010;16:1479-89.

38. Kim DH, Je YJ, Kim CD, Lee YH, Seo YJ, Lee JH, et 
al. Can Platelet-rich Plasma Be Used for Skin Re-
juvenation? Evaluation of Effects of Platelet-rich 
Plasma on Human Dermal Fibroblast. Ann Der-
matol. 2011;23:424-31.

39. Porwal S, Chahar YS, Singh PK. A Comparative 
Study of Combined Dermaroller and Platelet-Rich 
Plasma Versus Dermaroller Alone in Acne Scars 
and Assessment of Quality of Life Before and Af-
ter Treatment. Indian J Dermatol. 2018;63:403-8.

40. Asif M, Kanodia S, Singh K. Combined autologous 
platelet-rich plasma with microneedling verses 
microneedling with distilled water in the treat-
ment of atrophic acne scars: a concurrent split-
face study. J Cosmet Dermatol. 2016;15:434-43.

41. Ibrahim MK, Ibrahim SM, Salem AM. Skin micro-
needling plus platelet-rich plasma versus skin 
microneedling alone in the treatment of atrophic 
post acne scars: a split face comparative study. J 
Dermatolog Treat. 2018;29:281-6. 

42. Cai J, Tian J, Chen K, Cheng LH, Xuan M, Cheng B. 
Erbium fractional laser irradiation combined with 
autologous platelet-rich plasma and platelet-
poor plasma application for facial rejuvenation. 
J Cosmet Dermatol. 2020;19:1975-9.

43. Araco A. A prospective study comparing topic 
platelet-rich plasma vs. placebo on reducing su-
perficial perioral wrinkles and restore dermal ma-
trix. J Cosmet Laser Ther. 2019;21:309-15.

44. Mine S, Fortunel NO, Pageon H, Asselineau D. 
Aging alters functionally human dermal papilla-
ry fibroblasts but not reticular fibroblasts: a new 
view of skin morphogenesis and aging. PLoS 
One. 2008;3:e4066.

Surowiak et al. Acta Dermatovenerol Croat
PRP stimulates collagen type I synthesis in human skin 2023;31(4):171-177


