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Background: Platelet-rich plasma (PRP) is a plasma component of autologous blood containing a high concentration of platelets.
PRP is used to promote healing of damaged tissues. However, there are not many studies on the composition and expression pat-
terns of active proteins in PRP. The purpose of this study was to identify unknown factors that contribute to tissue healing by pro-
teomic analysis of proteins in PRP.

Methods: Three men in their 30s with no basal disease participated in this study. All identified proteins were classified for tissue
healing-related functions on the basis of the gene ontology analysis of adhesion molecule with Ig-like domain 2 (AmiGO2). PRP
was prepared by using the ACP kit and GPS Il kit.

Results: We identified a total of 125 proteins related to wound healing, along with three proteins for angiogenesis involved in
wound healing, two proteins for fibroblast migration, four proteins for collagen biosynthesis process, two proteins for glycosami-
noglycan biosynthesis process, and 13 proteins for glycosaminoglycan binding. So, in addition to the growth factors that have been
already known to be involved in tissue healing, 25 new proteins were identified.

Conclusions: We identified the unknown proteins associated with tissue healing in PRP. Our findings may serve as a foundation

for the establishment of basic medical evidence for PRP applications.
Keywords: Platelet-rich plasma, Wound healing, Proteome, Gene ontology

Platelet-rich plasma (PRP) was first used as a component
for the transfusion of allogenic blood in open-heart sur-
gery in 1987." In the beginning, PRP was used for the
preprosthetic procedure and implant placement in oral
surgery and as an adjuvant to aid in bone regeneration
in maxillofacial surgery. Thereafter, application of PRP
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has been reported in various fields of medicine including
dermatology, plastic surgery, otorhinolaryngology, urol-
ogy, and neurosurgery.” In orthopedics and sports medi-
cine, PRP is used to promote healing of damaged tissues
through a direct injection of PRP into injury sites. Further
studies investigated the use of PRP in acute ligament inju-
ries such as medial collateral ligament injury of the knee
and rupture of the lateral ligaments of the ankle and rota-
tor cuff tears, as well as in chronic tendon injury including
lateral epicondylitis, patellar tendinitis, plantar fasciitis,
Achilles tendinitis, and acute muscle ruptures.”

PRP is a plasma component of autologous blood
with large numbers of platelets. It generally has 3- to 5-fold
higher platelet concentrations than whole blood.” Plate-
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lets contain a-granules, dense granules, and lysosomal
granules, of which a-granules include a large quantity of
bioactive proteins (growth factors and cytokines) and are
known to play important roles in hemostasis and tissue
healing.*” Thus, the fact that PRP contains high con-
centrations of platelets with a large variety of bioactive
proteins suggests that PRP can accelerate the tissue regen-
eration and healing processes.” Growth factors such as
vascular endothelial growth factor, epidermal growth fac-
tor (EGF), platelet-derived growth factor (PDGF), insulin-
like growth factor, and transforming growth factor-beta
(TGEF-B) are involved in tissue healing, which are included
in a-granules of platelets. It has been revealed that PDGF
and TGEF-p levels increase as platelet levels become higher,
which has been the basis for the clinical use of PRP”'” In
such processes, growth factors promote 2- to 3-fold tissue
healing through angiogenesis, fibroblast activation, eleva-
tion of collagen, and glycosaminoglycan syntheses, as well
as cell migration and proliferation.””"”

However, little is known about the crucial factors
that determine the biological characteristics of PRP. There
have been a few studies on the composition of active pro-
teins and expression patterns in PRP itself.'""® Thus, the
purpose of this study is to analyze the unknown factors
that contribute to tissue healing on the basis of proteomic
analysis of proteins in PRP. Since PRP preparation meth-
ods and its characteristics are yet to be standardized, its
classification and standard also have not been clearly
established. Currently, PRP is classified by the kit and
the centrifuge used for preparation; level of concentrated
components such as platelets and leukocytes; and features
of supportive structures for generated products.lg'm PRP
types practically used can be largely divided into pure or
leukocyte poor (LP)-PRP and leukocyte rich (LR)-PRP?

Thus, to investigate the types and distributions of ex-
pressed proteins, we used ACP (Arthrex, Naples, FL, USA)
and GPS III (Biomet Biologics Co., Warsaw, IN, USA),
which are the most commonly used commercial prod-
ucts for LP-PRP and LR-PRP preparation, respectively, in
clinical practice.”” In this study, proteins were identified
through two-dimensional gel electrophoresis, followed by
gene ontology (GO) analysis.

METHODS

Subjects

We collected blood samples from three men who had no
underlying disease among the patients who came to our
hospital for health checkup. PRP was prepared simultane-
ously. A total of nine plasma samples (three per person)
were obtained (1 session/day) from three men by using the
Autologous Conditioned Plasma (ACP) Double Syringe
System (Arthrex) for LP-PRP and Gravitational Platelet
Separation System (GPS III, Biomet Biologics Co.) for
LR-PRP. We conducted this study in compliance with the
principles of the Declaration of Helsinki. This study was
approved by the Institutional Review Board of Kangnam
Sacred Heart Hospital (IRB No. 2012-12-115). All three
participants provided informed consent.

PRP Preparation

ACP Double Syringe System

Nine milliliters of venous blood was extracted from pa-
tients by using a double syringe from the ACP kit and
mixed with 1.5 mL of anticoagulant (acid citrate dextrose
solution A), which was followed by centrifugation at 380
g for 5 minutes.” The outer plunger of the double syringe
was slowly pressed while the inner plunger was slowly
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platelet separation system
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Fig. 1. ACP kit of Arthrex. RBC: red blood
cell, ACD-A: acid citrate dextrose solution A,
PRP: platelet-rich plasma.
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pulled to separate PRP appropriately. Three to five millili-
ters of generated ACP was moved to the inner syringe to
obtain PRP (Fig. 1). During this procedure, care was taken
to prevent plasma and erythrocytes from being mixed.

GPS 111 System
Six milliliters of anticoagulant (acid citrate dextrose solu-
tion A) was mixed with 54 mL of venous blood extracted
from each patient in each 60-mL syringe in the GPS kit,
which was followed by centrifugation at 750 g for 15 min-
utes.'” Transparent, yellow, platelet-poor plasma at the top
of the container was removed by using a syringe in the kit;
the remainder was well mixed by centrifugation for 30 sec-
onds, which resulted in about 6 mL of PRP (Fig. 2).
Immediately after collection, the obtained PRP was
subjected to a complete blood cell count (CBC) test to
investigate the cell composition including leukocytes and
platelets. A 1-mL sample of each PRP and blood specimen
were analyzed by a hematology analyzer (Siemens ADVIA
2120i; Siemens Healthcare Diagnostics, Erlangen, Germa-
ny). The platelet concentration, number of red blood cells,
and white blood cell differentiation were calculated. Lin-
earity was (10-1,000) x 10°/ uL for platelet count; (0.3-7.0)
x 10°%/ uL for red blood-cell count; and (0.1-100) x 10°/uL
for white blood cell count.

Protein Identification

Electrophoresis and In-gel Digestion

Isolated platelets were lysed and the extracted proteins
were size-fractionated by one-dimensional-sodium do-
decyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE). Fifteen micrograms of each protein sample was
separated by electrophoresis on a 12% SDS-PAGE gel at
100 V for 1.5 hours (Mini-Protean Bio-Rad, Hercules, CA,

USA), stained with Coomassie Blue R-250 (Bio-Rad), and
then destained with a destaining solution containing 10%
acetic acid and 30% methanol, which was followed by gel
imaging. After electrophoresis, the gel was divided into 10
regions by molecular weight, and then fragmented into an
1-mm” area. Each fragment was subjected to trypsin diges-
tion at 37°C for 16 hours after cysteine alkylation and re-
duction of each protein. The digested peptides were eluted
by an elution buffer (50 mM ammonium bicarbonate, 50%
acetonitrile, and 0.5% trifluoroacetic acid). The collected
peptide solution was completely dried by a vacuum dryer
(Heto Maxi Dry lyo; Thermo Scientific, Waltham, MA,
USA) for 24 hours, which was followed by resuspension in
10 uL of distilled water containing 0.1% formic acid.

Protein identification using liquid chromatography-tandem
mass spectrometry

LC-MS/MS analysis was performed by an online Nano-LC
system and Hybrid Quadrupole-Orbitrap Mass Spectrom-
etry in the Korea Basic Science Institute. Five microliters of
peptide samples were resolved by an Ultimate 300 UPLC
system (Dionex, Thermo Scientific), which was followed
by analysis using the Q-Exactive plus mass spectrometer
(Thermo Scientific) equipped with a nanoelectrospray
ion source (Dionex, Thermo Scientific). For peptide sepa-
ration, an Acclaim PepMap RSLC C18 reversed phase
(Thermo Scientific) 15 cm x 75 pm column was used in
a gradient of 0%-65% ACN at 300 nL/min inflow rate for
2 hours. All MS and MS/MS spectra were acquired in a
data-dependent top 10 mode using a Q Exactive plus or-
bitrap mass spectrometer (Thermo Scientific). The entire
MS scan range was 150-2,000 m/z, along with a resolu-
tion of 70,000 (m/z 200), an AGC target value of 1 x 10°,
and a dynamic exclusion of 30 seconds. Fragmentation
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Fig. 2. GPS kit of Biomet. PPP: platelet-
poor plasma, PRP: platelet-rich plasma,
RBC: red blood cell, ACD-A: acid citrate
dextrose solution A.
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was performed under higher-energy collisional dissocia-
tion (HCD) conditions of either 60 ms in fixed injection
times with fast scanning mode in a resolution of 17,500
or 120 ms in fixed injection times with a sensitive method
in a resolution of 35,000. The ionization spray voltage was
1.7 kV and capillary temperature was 280°C along with
25% of HCD collision energy. MS/MS spectra of peptides
were subjected to search using MASCOT (Matrix Science,
ver. 2.41, https://www.matrixscience.com), in which the
protein sequence database of UniprotHuman was used for
identification. Mass tolerance and fragmented ions were
10 ppm. Cysteine carbamidomethylation and methionine
oxidation were considered as variables of trypsin-digested
peptides in MS/MS analysis.

Protein Classification

GO analysis was performed to investigate the functions of
all identified proteins and classify them according to the
AmioGo2 GO database (https://www.AmiGO.geneontol-
ogy.org).” To classify the proteins in PRP by function, we
determined keywords, focusing on the healing process of
damaged tissues such as activation of angiogenesis and fi-
broblasts as well as increased biosynthesis of collagen and
glycosaminoglycan.”

Thus, wound healing, which comprehensively in-
cludes tissue healing in the GO of AmiGo2 was selected as
the main keyword for protein classification.”” In AmiGo2,
wound healing was defined as a series of events that re-
stores integrity to a damaged tissue after an injury, which
included 778 proteins. In addition, angiogenesis involved
in wound healing, fibroblast migration, collagen biosyn-
thetic process, glycosaminoglycan biosynthetic process,
and glycosaminoglycan binding were selected as keywords
that should specifically correspond to the tissue healing
process, which was limited only to Homo sapiens. AmiGo2
defined angiogenesis involved in wound healing as blood
vessel formation when new vessels emerge from the pro-

Table 1. White Blood Cell and Platelet Cell Count (><103/p|.)

liferation of preexisting blood vessels and contribute to the
series of events that restore integrity to a damaged tissue
after an injury, which included 23 proteins. Fibroblast mi-
gration was defined as cell migration that is accomplished
by extension and retraction of a fibroblast pseudopodium.
A fibroblast is a connective tissue cell, which secretes an
extracellular matrix rich in collagen and other macro-
molecules; it includes 30 proteins. Collagen biosynthetic
process was defined as the chemical reactions and path-
ways resulting in the formation of collagen, any of a group
of fibrous proteins of very high tensile strength that form
the main component of connective tissue in animals. Col-
lagen is highly enriched in glycine and proline, occurring
predominantly as 3-hydroxyproline, which included 47
proteins. Glycosaminoglycan biosynthetic process was
defined as the chemical reactions and pathways resulting
in the formation of glycosaminoglycan, any of a group
of polysaccharides that contain amino sugars, which in-
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Fig. 3. Separation into 10 fractions using sodium dodecy! sulfate-polyacryla-
mide gel electrophoresis.

Whole blood LP-PRP LR-PRP
Patient Sex/age (yr)
WBC PLT WBC PLT WBC PLT
1 Male/33 6.42 179 1.37 321 22.78 636
2 Male/32 4.65 210 0.47 323 41.77 682
3 Male/31 6.78 187 34 470 40.49 840
Average 595 192 1.75 371 35.01 719

LP: leukocyte poor, PRP: platelet-rich plasma, LR: leukocyte rich, WBC: white blood cell, PLT: platelet.
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Table 2. List of PRP Proteins Involved in Wound Healing

Accession Gene Description MW PI Log(LR/LP) LP-avg  LR-avg
P02679 FGG Fibrinogen gamma chain 51,479 5.37 0.2438

P13647 KRT5 Keratin, type Il cytoskeletal 5 62,340 7.59 —0.8210 0.0467 0.0071
P05155 SERPINGT  Plasma protease C1 inhibitor 55,119 6.09 0.0529

P61224-3 RAP1B Isoform 3 of Ras-related protein Rap-1b 18,767 8.72 0.0310

P18206 VCL Vinculin 123,722 55 0.0124

Q5HY54 FLNA Filamin-A 276,378 5.69 0.0056

B1AHL2 FBLNT Fibulin-1 78,277 523 0.0022

P07355-2 ANXA2 Isoform 2 of Annexin A2 40,386 8.53 0.0004
P52907 CAPZA1 F-actin-capping protein subunit alpha-1 32,902 5.45 0.0005
ABGNN80 ANXA6 Annexin 75,229 5.46 0.0001
J3QRS3 MYL12A Myosin regulatory light chain 12A 20,444 4.62 0.0018
075083 WDR1 WD repeat-containing protein 1 66,152 6.17 0.0002
P00740 F9 Coagulation factor IX 51,745 5.34 0.0003
P01042 KNGT Kininogen-1 71,912 6.34 0.0014
P02679-2 FGG Isoform Gamma-A of Fibrinogen gamma chain 49,465 5.7 0.0314
P11021 HSPA5 78 kDa glucose-regulated protein 72,288 5.07

P13224-2 GP1BB Isoform 2 of Platelet glycoprotein Ib beta chain 43,130 10.81 0.0001
P15153 RAC2 Ras-related C3 botulinum toxin substrate 2 21,415 7.52 0.0004
P18206-2 VCL Isoform 1 of Vinculin 116,649 5.83 0.0012
P20851 C4BPB C4b-binding protein beta chain 28,338 5.05 0.0008
P21333 FLNA Filamin-A 280,564 5.7 0.0013
P59998-2 ARPC4 Isoform 2 of Actin-related protein 2/3 complex subunit4 71,673 5.5 0.0001
P68366 TUBA4A Tubulin alpha-4A chain 49,892 4.95 0.0014
Q15084-5 PDIAG Isoform 5 of Protein disulfide-isomerase A6 53,228 5.35 0.0001
Q961Y4 CPB2 Carboxypeptidase B2 48,393 7.61 0.0003
HOYAS8 CLU Clusterin beta chain (fragment) 16,167 5.51 0.0616

B4E220 AQP1 Aquaporin-1 35,552 5.32 0.0001
E9PK25 CFLT Cofilin-1 22,714 8.51 0.0020
P00746 CFD Complement factor D 27,016 7.64 0.0003
P04899-4 GNAI2 Isoform sGi2 of Guanine nucleotide-binding protein G(i) 41,522 5.66 0.0003

subunit alpha-2

P05106 ITGB3 Integrin beta-3 87,000 5.09 0.0003
P08123 COL1AZ Collagen alpha-2(I) chain 129,235 9.08 0.0000
P13473-3 LAMPZ Isoform LAMP-2C of Lysosome-associated membrane 45,141 5.6 0.0001

glycoprotein 2
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Table 2. Continued

Accession Gene Description MW PI Log(LR/LP) LP-avg  LR-avg
P14770 GP9 Platelet glycoprotein IX 19,034 5.89 0.0005
P21291 CSRP1 Cysteine and glycine-rich protein 1 20,554 8.9 0.0002
P24844 MYL9 Myosin regulatory light polypeptide 9 19,814 48 0.0015
Q08495 DMTN Dematin 45,486 8.94 0.0004
U3KPS2 PRTN3 Myeloblastin 23,596 8.49 0.0007
B4E1FO SERPINGT  Plasma protease C1 inhibitor 55,734 5.97 0.0026
C9JB55 TF Serotransferrin (Fragment) 7,985 452 0.0092
E9PAV3 NACA Nascent polypeptide-associated complex subunit alpha, 205,295 9.6 0.0000

muscle-specific form

PRP: platelet-rich plasma, MW: molecular weight, PI: isoelectric point, LR: leukocyte rich, LP: leukocyte poor, avg: average.

Table 3. Angiogenesis Involved in Wound Healing

Accession Gene Description MW
P07203 GPX1 Glutathione peroxidase 1

H3BM21 H3BM21 Integrin beta (fragment)

P05106 ITGB3 Integrin beta-3

22,075
86,923
87,000

PI Log(LR/LP) LP-avg LR-avg
6.15 -0.9224 0.0066 0.0008
493 0.0092
5.09 0.0000

MW: molecular weight, PI: isoelectric point, LR: leukocyte rich, LP: leukocyte poor, avg: average.

cluded 166 proteins. Finally, glycosaminoglycan binding
was defined as interacting selectively and noncovalently
with any glycan (polysaccharide) containing a substantial
proportion of aminomonosaccharide residues, which in-
cluded 246 proteins.”*”

RESULTS

A CBC test was performed immediately after collection
to analyze the cell composition of LP-PRP and LR-PRP
extracted from whole blood of the three patients. The
average cell counts resulting from the test for blood com-
position were 5.95 (x10°/uL) leukocytes and 192 (x10°/uL)
platelets in whole blood; 1.75 (x10°/uL) leukocytes and
371 (x10°/ L) platelets were isolated from LP-PRP; and 35
(x10°/ uL) leukocytes and 719 (x10°/ uL) platelets were iso-
lated from LR-PRP (Table 1). In other words, platelets were
concentrated more than 2- to 3-fold in LP-PRP and 3- to
4-fold in LR-PRP than in whole blood on average. LP-PRP
has advantages of being an inexpensive system, which is
easy to use, whereas LR-PRP is advantageous to transfer
concentrated platelets to patients. For the proteome analy-
sis, a total of nine samples (three samples per each patient)

were first separated by electrophoresis, which were divided
into 10 fractions. Each sample was subjected to secondary
LC-MS/MS analysis in three repetitions (Fig. 3).

As a result, a total of 1,555 proteins were identified,
which included proteins identified at least once either
in LP-PRP or in LR-PRP. To increase the consistency of
samples, only proteins that were identified at least in two
of three samples from each patient and were present in at
least two patients were classified, which corresponded to
664 of the 1,555 proteins. In detail, the numbers of pro-
teins that were detected at least twice in the three repeti-
tions were 414, 369, and 407 in LP-PRP and 633, 587, and
750 in LR-PRP. Of them, 379 proteins in LP-PRP and 618
proteins in LR-PRP were identified in at least two samples,
and 333 proteins were commonly identified in both PRP
samples.

In AmiGo2, 778 proteins corresponded to the
keyword, wound healing, and 125 of the 664 identified
proteins in the present study were included in this cat-
egory. Forty-six proteins were analyzed only from LP-
PRP, of which eight proteins (FGG, SERPING1, RAP1B,
VCL, FLNA, Fblnl, and CLU) were related with wound
healing. A total of 285 proteins were analyzed only from
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LR-PRP, of which 36 proteins (ANXA2, CAPZA1, anxa6,
SERPINGI, TFE Naca, krt5, MYL12A, WDR1, F9, KNG1,
FGG, HSPA5, Gplbb, Rac2, VCL, C4BPB, FLNA, Arpc4,
TUBAA4A, Pdia6, CPB2, Aqpl, CFL1, CFD, GNAI2,
ITGB3, COL1A2, LAMP2, Gp9, CSRP1, MYL9, RAP1B,
CALM1, DMTN, PRTN3) were related to wound healing
(Table 2).

Three proteins were included in angiogenesis in-
volved in wound healing, of which one protein (GPX1)
and three proteins (GPX1, H3BM21, and ITGB3) were
identified in LP-PRP and LR-PRP, respectively (Table 3). A
total of two proteins corresponded to fibroblast migration,
of which one protein (THBSI1) and two proteins (THBS1
and DMTN) were identified in LP-PRP and LR-PRP, re-
spectively (Table 4).

A total of four proteins corresponded to colla-
gen biosynthetic process, of which three proteins (F2,
PRDX35, and SERPINF2) and four proteins (F2, PRDX5,
SERPINF2, and LTBP1) were identified in LP-PRP and
LR-PRP, respectively (Table 5). A total of two proteins cor-

Table 4. Fibroblast Migration

responded to glycosaminoglycan biosynthetic process, of
which one protein (LUM) and two proteins (LUM and
CLTC) were identified in LP-PRP and LR-PRP, respec-
tively (Table 6).

A total of 13 proteins corresponded to glycosami-
noglycan binding, of which 12 proteins (APOE, IGHM,
APOB, CFH, HRG, PF4, SERPIND1, VTN, THBSI, EL-
ANE, LPA, and HABP2) and 13 proteins (APOE, IGHM,
APOB, CFH, HRG, PF4, SERPIND1, VTN, THBSI1, EL-
ANE, LPA, HABP2, and AZU1) were identified in LP-PRP
and LR-PRP, respectively (Table 7).

DISCUSSION

Since the discovery of PRP, many researchers have report-
ed interesting results on PRP mechanism and its potential
in various areas.” Such research has helped produce results
on various proteins and expand the PRP research area.
Many preclinical studies and clinical trials also demon-
strated promising effects on muscular skeletal diseases.””

Accession Gene Description MW
P07996 THBS1 Thrombospondin-1 129,300
Q08495 DMTN Dematin 454,86

Pl Log(LR/LP) LP-avg LR-avg
47 -1.0377 0.0072 0.0007
8.94 0.0004

MW: molecular weight, PI: isoelectric point, LR: leukocyte rich, LP: leukocyte poor, avg: average.

Table 5. Collagen Biosynthesis Process

Accession Gene Description
P00734 F2 Prothrombin
P30044 PRDX5 Peroxiredoxin-5,mitochondrial
P08697 SERPINF2  Alpha-2-antiplasmin
014766 LTBP1 Latent-transforming growth factor beta-

binding protein 1

MW PI Log(LR/LP)  LP-avg LR-avg
69,992 5.64 -0.8933 0.0569 0.0073
22,073 8.93 ~1.2382 0.0133 0.0008
54,531 5.87 —~0.8600 0.0125 0.0017

186,673 5.63 0.0001

MW: molecular weight, PI: isoelectric point, LR: leukocyte rich, LP: leukocyte poor, avg: average.

Table 6. Glycosaminoglycan Biosynthesis Process

Accessions Gene Description MW
P51884 LUM Lumican 38,405
Q00610-2 CLTC Clathrin heavy chain 1 191,493

PI Log(LR/LP) LP-avg LR-avg
6.16 —1.2244 0.0175 0.0010
5.48 0.0001

MW: molecular weight, PI: isoelectric point, LR: leukocyte rich, LP: leukocyte poor, avg: average.
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Table 7. Glycosaminoglycan Binding

Accessions Gene Description MW Pl Log(LR/LP) LP-avg LR-avg
P02649 APOE Apolipoprotein E 36,132 5.65 -1.2883 0.0841 0.0043
P01871 IGHM Ig mu chain C region 49,276 6.35 -1.2318 0.1713 0.0042
P04114 APOB Apolipoprotein B-100 515,283 6.58 —1.1547 0.0768 0.0054
P08603 CFH Complement factor H 139,005 6.21 -1.1192 0.0408 0.0031
P04196 HRG Histidine-rich glycoprotein 59,541 7.09 -1.0939 0.0198 0.0016
P02776 PF4 Platelet factor 4 10,838 8.93 -1.3767 0.0406 0.0017
P05546 SERPIND1 Heparin cofactor 2 57,034 6.41 -1.1263 0.0214 0.0016
P04004 VIN Vitronectin 54,271 5515 -1.2602 0.0218 0.0012
P07996 THBS1 Thrombospodin-1 129,300 47 -1.0377 0.0072 0.0007
P08246 ELANE Neutrophil elastase 28,500 9.7 —1.4420 0.0120 0.0004
P08519 LPA Apolipoprotein(a) 500,995 5.58 —1.4881 0.0006 0.0000
P20160 AZU1 Azurocidin 26,869 9.75 0.0003
Q14520 HABPZ Hyaluronan-binding protein 2~ 62,630 6.09 -1.1242 0.0030 0.0002

MW: molecular weight, PI: isoelectric point, LR: leukocyte rich, LP: leukocyte poor, avg: average.

However, most of them lacked basic medical evidence, and
each study had different procedures for PRP from prepa-
ration to injection, making is difficult to compare results
of those reports. Thus, this area should be continuously
studied along with standardization of biological analysis
dependent on the preparation method, activation method,
and addition of leukocytes, as well as comparison of vari-
ous study results.

Despite recent studies on major growth factors in
PRP that are related to tissue healing including EGF and
PDGE, basic medical studies on their effects still remain
to be conducted.*"” In addition, the compositions and
expression patterns of active proteins in PRP need to be
studied. Rapidly identifying and analyzing proteins, which
used to be impossible, have become possible, and it be-
came easy to access GO databases. Thus, mutual growths
of various science fields have enabled such studies.

Shotgun proteomics can identify a large number of
proteins in a short time with a mass spectrometer.”**” This
method makes protein samples fragmented into peptides
and separates them by using C18 Reversed Phase Chroma-
tography that is connected to the liquid chromatography
instrument, along which the sample is simultaneously ana-
lyzed. This method requires the establishment of gene da-
tabases from complete genome analyses as well as the de-
velopment of identification programs enabled to perform
real-time large-scale analysis using the mass spectrometer.

The present study separated LP-PRP and LR-PRP of
human blood through ACP and GPS I1I, respectively, from
which proteins were extracted and resolved by SDS-PAGE
electrophoresis for identification. The SDS-PAGE gel was
subdivided into 10 fractions, followed by LC-MS/MS anal-
ysis, which resulted in the identification of many proteins
within a short period of time. To identify the functions
of the identified proteins, GO analysis was performed, in
which component proteins in PRP were classified by their
functions. This resulted in the identification of 125 pro-
teins related to wound healing when both LP-PRP and LR-
PRP proteins are combined, which included three proteins
for angiogenesis involved in wound healing, two proteins
for fibroblast migration, four proteins for collagen biosyn-
thesis process, two proteins for glycosaminoglycan bio-
synthesis process, and 13 proteins for glycosaminoglycan
binding. So new proteins, as well as growth factors that are
well-known to be related to tissue healing, were identified.

However, the present study also has limitations
such as the small number of subjects (three patients), dif-
ferences in composition and level of identified proteins
between the subjects, and differences in identified proteins
even within the same subject. Moreover, a follow-up study
should be performed on the interactions between the
identified proteins and on degrees of their efficacy in clini-
cal practice.

The results of the present study that is based on
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the analysis of vast proteomic data of PRP can be used as
fundamental data to scientifically identify those factors
(both previously known and currently unknown) that
are helpful for tissue healing. That is also our goal for a
follow-up study. In addition, the examination of the ef-
fects of PRP through such protein classification would be
the basis for treatment development in new areas based
on fundamental medical evidences. Previous proteomic
studies were partially focused on platelets such as platelets
without stimulation, activated platelets, secretory materials
of platelets, platelet membranes, and platelet-derived mic-
roparticles. In contrast, the present study performed pro-
teome analysis on PRP itself without activation by addition
of either CaCl, or thrombin, which is clinically significant.
In addition, the present study is also meaningful because
all proteins within the PRP such as a-granules were inves-

tigated without being limited to platelets and classified by
their functions in detail, followed by the identification of
potential functions of PRP, laying a foundation for basic
medical research on tissue healing to be further advanced.
PRP has a large potential, which, along with other biologi-
cal and biochemical advancements, is expected to offer
opportunities for more treatments in various areas. In the
future, proteomic study would be continued and system-
atic databases should be constructed, based on which the
present study would serve as a foundation for the estab-
lishment of basic medical evidence for PRP applications.
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