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Abstract

Platelet-rich plasma (PRP) has been investigated to promote wound healing in a vari-

ety of tissues. Thrombin, another essential component of wound healing, is some-

times combined with PRP to generate a fibrin clot in order to retain the sample at the

delivery site and to stimulate growth factor release. Using a fully autologous

approach, autologous serum (AS) with thrombin activity can be prepared using a one-

step procedure by supplementing with ethanol (E+AS) to prolong room temperature

stability or prepared ethanol free (E−AS) by utilizing a two-step procedure to prolong

stability. The objective of this study was to evaluate potential wound healing mecha-

nisms of these two preparations using commercially available devices. A variety of

tests were conducted to assess biocompatibility and growth factor release from PRP

at various ratios. It was found that E−AS contained greater leukocyte viability in the

product (97.1 ± 2.0% compared to 41.8 ± 11.5%), supported greater bone marrow

mesenchymal stem cell proliferation (3.7× vs 0.8× at a 1:4 ratio and 3.6× vs 1.6× at a

1:10 ratio), and stimulated release of growth factors and cytokines from PRP to a

greater extent than E+AS. Of the 36 growth factors and cytokines evaluated, release

of 27 of them were significantly reduced by the presence of ethanol in at least one

of the tested configurations. It is concluded that the high concentrations of ethanol

needed to stabilize point of care autologous thrombin preparations could be detri-

mental to normal wound healing processes.

1 | INTRODUCTION

There has been much investigation toward understanding the mecha-

nisms of platelet-rich plasma (PRP) to promote wound healing and

pain reduction in hard and soft tissue injuries. In addition to platelet

and leukocyte count, several recently proposed classification systems

consider activation and/or the presence of fibrin as one factor that

can influence the efficacy of PRP.1-4 Activation of PRP is typically per-

formed by the addition of calcium or exogenous thrombin.

Thrombin performs several essential functions in wound healing.

It is the central enzyme involved in blood coagulation through conver-

sion of fibrinogen to fibrin, as well as being a mitogen and secreta-

gogue for a variety of cell types.5 Proteomics has demonstrated that

in response to activation by thrombin, human platelets release more

than 300 different proteins including growth factors, cytokines, adhe-

sion, and other molecules.6 When thrombin is combined with PRP,

soluble fibrinogen in the plasma is enzymatically converted to fibrin

and cross-linked. The final result is the gelation of the platelet concen-

trate often for the purposes of improved handling or retention of cells

and growth factors at the delivery site.7,8 It may also be desired to use

the resultant fibrin as a scaffold for cell growth and remodeling within

a larger defect.9

Major sources of thrombin for clinical use are bovine thrombin,

pooled plasma derived human thrombin, and recombinant derived

thrombin. Due to safety concerns for these products including risks of

immunogenicity and transmission of infectious agents10,11 a desire for
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a safer source of thrombin has led to the commercialization of medical

devices that generate autologous thrombin from a patient's own

blood. A fully autologous approach is an attractive option to employ

in the regenerative medicine setting to avoid the aforementioned

risks. Although there are more than 20 cell separation devices licensed

by the FDA for PRP preparation, there are only a few devices being

currently marketed for preparing autologous activated sera (AS) with

thrombin activity at the point of care from a small sample of whole

blood or blood fraction. AS is typically comprised of fluid derived from

a clot that is formed within the device (serum), plasma proteins, and

cytokines eluted from activated cells and platelets and depending on

the source blood fraction used, may contain cells (red and/or white

blood cells). AS can be categorized into two groups: ethanol sup-

plemented (E+AS) or ethanol free (E−AS, Table 1).

Ethanol in substantial amounts (≥17% v/v) has been known to

prolong the clotting activity of AS.12 Ethanol containing devices are

typically one step and allow room temperature storage to prolong AS

thrombin activity within 60% of its original activity over the typical

time frame of 4 hours for clinical reinjection. Alternatively, an ethanol

free device needs to be used immediately or be stored on ice so as to

maintain 25% of its original activity within a 4 hour time frame. Newer

devices can use a two-step procedure (where the second step takes

less than 2 minutes at the time of need) to maintain full activity over

4 hours.13 Autologous devices typically produce more physiological

concentrations of thrombin, which can be beneficial for a fibrin clot

structure conducive to cell infiltration, viability, and wound

closure.14,15

Ethanol in quantities obtainable by consumption of alcohol

(<0.2%) has been well researched to inhibit various stages of wound

healing both in vitro and in vivo models by blocking leukocyte recruit-

ment and response, endothelial cell activation, and even platelet

aggregation.16-19 Minimal investigation into the effects of ethanol in

autologous therapies have been performed, but reduced platelet func-

tion, altered coagulation characteristics, and cytotoxicity are all identi-

fied as potential concerns.20,21

Therefore, the hypothesis of this study was that the presence of

ethanol in commercial preparations of autologous thrombin could

affect wound healing through altered biocompatibility or growth fac-

tor release from PRP. Toward this, two commercially available devices

that produce AS for wound healing applications were evaluated. An

E+AS device (Clotalyst, Zimmer-Biomet, Warsaw, Indiana) and an

E−AS device (Thrombinator System, Arthrex Inc, Naples, Florida) were

used. Previous studies have evaluated thrombin activity of AS when

using whole blood and both devices produce similar autologous

thrombin activity when using whole blood (~20 U/mL).13 Therefore, a

variety of tests were conducted to assess biocompatibility and the

potential of each AS to stimulate growth factor release from PRP

(Figure 1).

2 | METHODS

2.1 | Blood donors and PRP preparation

Whole blood donations (n = 6) were acquired from Stem Express

(Folsom, California) with informed consent and Institutional Review

Board (IRB) approval (WIRB-Copernicus Group, Princeton, NJ, IRB

No. 20152875). All testing was performed within 8 hours of phlebot-

omy. There were two males and four females in the study that ranged

in age from 24 to 69 years. A unit of blood was collected at 8%

ACD-A for use with the Zimmer Biomet Clotalyst System (rec-

ommended per instructions for use), and ACD-A was added back to

the whole blood unit to create 13% ACD-A anticoagulated blood for

use with the Arthrex Thrombinator System and Arthrex Angel Platelet

Rich Plasma (cPRP) System. The Angel System was used to process

360 mL whole blood to produce 40 mL of PRP needed for elution

experiments. Cell counts were performed on the whole blood and

PRP using a Horiba Micro60 Analyzer Model M60CS (Irvine,

California).

2.2 | Preparation of E+AS and E−AS

E+AS was prepared using the Zimmer Biomet Clotalyst device

according to the manufacturer's instructions. Briefly, the method con-

sisted of adding 4 mL of the Clotalyst Reagent containing ethanol

(66%) and calcium to 12 mL of 8% ACDA whole blood. This mixture

was injected into the device and incubated for 15 minutes. At the end

of the incubation, the E+AS was harvested, with a theoretical final

concentration of 16.5% ethanol. Ethanol concentration was assayed

with a QuantiChrom Kit (BioAssay Systems) per manufacturer instruc-

tions. E−AS was prepared using the Arthrex Thrombinator device

according to the manufacturer's instructions. The method consisted of

activating the device with 0.1 mL of 10% calcium chloride reagent and

TABLE 1 Commercial devices for preparing AS

Trade name Manufacturer

Ethanol (EtOH) added to

whole blood ratio (v/v)

*ActivAT Cytomedix 2.4 mL of 100% EtOH to

12 mL of PPP (16.7%

final)

*Harvest

Autologous

Thrombin (HAT)

Kit

Harvest Terumo 2 mL of 100% EtOH to

10 mL of WB (16.7%

final)

*Thrombin

Processing

Device (TPD)

ThermoGenesis 4 mL of 66% EtOH to

12 mL of WB (16.5%

final)

Clotalyst Zimmer Biomet 4 mL of 66% EtOH to

12 mL of WB (16.5%

final)

Thrombinator

System

Arthrex Inc No EtOH added to 12 mL

WB, PPP, or PRP

RegenATS Tube RegenLab No EtOH added to 8 mL

WB

Note: Not all devices are still in commercial use (designated with an *).
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4 mL of 13% ACD-A whole blood. Once a gelling reaction occurred,

indicating successful activation, E−AS was produced with an additional

0.2 mL of 10% calcium chloride reagent and 8 mL of 13% ACD-A

whole blood.

2.3 | Cell count and viability of leukocytes in AS

Leukocyte absolute cell count and viability in E−AS and E+AS were com-

pared at 0 and 4 hours of storage (n = 6 donors). The E−AS was stored

on ice (4�C) while the E+AS was stored at room temperature (18-22�C),

per the manufacturer instructions. The assessment of leukocyte number

and viability was measured using Via1 Cassettes with a Chemometec

NC-3000 Image Cytometer (Chemometec, Allerod, Denmark) wherein

cells are stained with acridine orange (dead and alive cells) and DAPI

(dead cells only). The stained cells are counted using an automated

image cytometer. The AS were diluted 1:10 in PBS immediately before

analysis to prevent red blood cell interference in cell counting.

2.4 | Bone marrow derived mesenchymal cell
proliferation in AS

The effect of the E+AS and E−AS on bone marrow derived mesenchy-

mal stem cell (MSC; BM-MSC, ATCC, Gaithersburg, Maryland) prolif-

eration was determined by culturing the cells in serum free media

(MSC Basal Media, ATCC) containing AS. To prepare serum for the

assay, the AS (n = 4 donors) were centrifuged 1 hour after production

at 1,500g for 10 minutes, and the supernatant was collected and

stored at −80�C until testing. BM-MSC were seeded (15,000 cells/

well) into 24-well plate and serum-starved for 2 hours at 37�C and 5%

CO2. Serum (E+AS, E−AS, or FBS) was added to the wells at 1:4 or

1:10 final dilution with some cultures remaining serum free as a con-

trol. The cells were allowed to proliferate at 37�C and 5% CO2 for

2 days. After 2 days, the cells were removed from the wells using

TrypLE (Gibco) and counted using the Chemometec NC3000 Image

Cytometer as described previously to determine total cell number and

viability.

Additional testing was performed to objectively quantify the

effects of thrombin preparations on MSC proliferation. BM-MSC

were stained with a CFSE dye (Sigma Aldrich) at a concentration of

0.125 μM CFSE per 0.5 × 106 cells. CSFE stained and unstained

(control) cells were seeded in 24 well plates at a seeded density of

15,000 cells per well. The MSC were incubated at 37�C and 5%

CO2 for 16 hours to ensure the MSC adherence and a small por-

tion of cells were trypsinized and analyzed using a BD Accuri C6

flow cytometer to determine initial MFI values. Cells were serum

starved for 2 hours and treated with serum (E+AS, E−AS, or FBS) at

1:4 or 1:10 final dilution (v/v) with some cultures remaining serum

free as a control. The sera treated MSC cells were incubated at

37�C and 5% CO2 for 4 days. The MSC were trypsinized and a

total of 2,000 CFSE positive events were collected for each sam-

ple. Average MFI of the populations was calculated. MFI of the

unstained, but treated, cells was also collected and subtracted

from MFI of the stained treated cells. Theoretical population dou-

blings were calculated by assuming MFI decreases by a factor of

two for each doubling.

2.5 | Cytokine concentrations in AS and
platelet gels

After production, the sera (n = 6) were aliquoted and stored for 0.5

and 4 hours per manufacturer instructions. After storage, the sera

were centrifuged at 1500g for 10 minutes. The supernatant was col-

lected and stored at −80�C for cytokine quantification. In addition,

platelet gels were prepared by mixing PRP with AS at v/v ratios of

1:1, 1:4, and 1:10 AS:PRP. Gels were incubated 0.5 and 4 hours at

37�C. After incubation, the platelet gels were centrifuged at 1500g

for 10 minutes. The supernatant was collected and stored at −80�C

until it could be analyzed for cytokine content.

AS and platelet gel supernatants were analyzed for a broad

spectrum of cytokines and chemokines. The Discovery Assay

Human Cytokine Array/Chemokine Array 42-Plex (Eve Technologies

Corp, Calgary, AB, Canada) was used. The 42-plex consisted of the

following analytes; EGF, Eotaxin-1, FGF-2, Flt-3L, Fractalkine,

F IGURE 1 Both ethanol and
nonethanol containing AS was prepared
in two commercially available devices and
systematically compared
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G-CSF, GM-CSF, GRO(alpha), IFNα2, IFNγ, IL-1α, IL-1β, IL-1ra, IL-2,

IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12 (p40), IL-12 (p70),

IL-13, IL-15, IL-17A, IL-18, IP-10, MCP-1, MCP-3, MDC, MIP-1α,

MIP-1β, PDGF-AA, PDGF-AB/BB, RANTES, sCD40L, TGFα, TNFα,

TNFβ, and VEGF-A. An additional TGFβ 3-plex discovery panel was

performed with the following analytes; TGFβ1, TGFβ2, and TGFβ3.

A Bio-Plex 200 system (BioRad Laboratories, Inc., Hercules, Califor-

nia) was used. The kits were sourced from Milliplex (Millipore,

St. Charles, Missouri).

2.6 | Data analysis and statistics

Where appropriate, mean and standard deviations were calculated,

wherein each donor served as a replicate. Statistics were performed in

Minitab 18.1 using General Liner Models (GLM). Donors were treated

as random variables with other variables such as the presence of etha-

nol, time, or ratio treated as fixed factors. Main and interaction effects

were evaluated. When significance was indicated, pairwise post hoc

Tukey tests were performed to determine significant differences

(α = .05). Of the 45 growth factors and cytokines evaluated, several

were excluded from analysis including Flt-3L, Fractalkine, GRO(alpha),

MCP-3, TGFα, TNFβ, IL-5, IL-13, and IL-15 due to more than 20% of

the values being out of range of the assay.

3 | RESULTS

3.1 | Ethanol concentration, comparison of
leukocyte viability and number in E+AS and E−AS

Concentration of ethanol in the E+AS serum was found to be 17.5

± 0.9% and ranged from 15.8% to 18.5%. Leukocyte viability in the

AS was tested immediately after harvest from the devices and again

after 4 hours of storage per manufacturer's instructions. Viability of

the leukocytes was significantly lower in E+AS as compared to E−AS

(P < .001, Figure 2). In addition, there were approximately 30% less

total leukocytes detected in E+AS relative to the E−AS, as well as sig-

nificantly less total viable leukocytes (P < .001, Figure 2). Immediately

after harvest from the devices, an average of only 41.8 ± 11.5% of

the leukocytes were viable in E+AS. In contrast, the E−AS had an aver-

age leukocyte viability of 97.1 ± 2.0%. This trend was maintained out

to 4 hours.

3.2 | Comparison of bone marrow derived
mesenchymal cell proliferation in AS

All BM-MSCs recovered from wells had greater than 90% viability, as

expected, since processing to trypsinize adherent cells would results

F IGURE 2 A, Average leukocyte number and viability in different AS preparations over time. B, Comparison of cell populations of the
different preparations after 4 hours
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in loss of on nonviable/non adherent cells. Bone marrow derived

MSCs were evaluated in the presence of various sera which was

shown to significantly affect proliferation and subsequently the num-

ber of viable cells recovered (P < .001, Figure 3). Cells cultured in

serum free media did not proliferate over the two-day culture period

(1.0 ± 0.3× of seeding density). Addition of E+AS to culture media at

both a 1:4 and 1:10 ratio failed to result in appreciable proliferation of

MSC, although the overall average number of cells was increased

when a 1:10 ratio was used (1.6 ± 0.5×) compared to a 1:4 ratio (0.8

± 0.5×). In contrast, cells cultured in FBS proliferated 3.9 ± 0.4 (1:4

ratio) and 3.3 ± 0.2× (1:10 ratio) over baseline seeding density. Addi-

tion of E−AS to culture media resulted in similar levels of BM-MSC

proliferation as compared to FBS at both a 1:4 and 1:10 ratio (3.7

± 0.4× and 3.6 ± 0.2×, respectively). Testing to quantify population

doublings over 96 hours identified differences among serum groups,

but not among different ratios (P < .001, Figure 4). Namely, E−AS

groups had the highest number of doubling, followed by FBS, E+AS,

and then serum free groups.

3.3 | Cytokines and growth factors in AS

Cytokine and GF content in AS was not significantly impacted by stor-

age time (Table 2). Concentrations of EGF, Eotaxin-1, IP-10, MCP-1,

MDC, MIP-1b, PDGF-AA, PDGF-BB, sCD40L, TGF-b1, TGF-b2, and

TNFa were all significantly increased in E−AS (P < .05) whereas IL-18,

IL-1ra, and RANTES were significantly increased in E+AS (P < .05).

3.4 | Growth factors released from platelet gels
contacting AS

The PRP used to evaluate growth factor release was on average 6.8

± 0.4× platelet and 2.5 ± 0.6× WBC over baseline with a 4.9 ± 0.8%

hematocrit. The presence of ethanol, ratio of AS:PRP, duration of

contact, and interaction thereof played a significant role in the release

of many of the platelet- and hematopoietic-derived (Table S1) and

immunomodulatory factors and chemokines (Table S2). Of the 36 fac-

tors, release of 27 of them were negatively affected by the presence

of ethanol in at least one of the tested configurations (Figure 5). Only

one factor, IP-10 was significantly increased with the addition of etha-

nol which was driven by a strong effect when used at a 1:1 ratio.

4 | DISCUSSION

The primary objective of this study was to compare the biocompatibil-

ity and functionality of two different AS formulations, with the pre-

dominant difference being the addition of ethanol (17.5%, final) into

the milieu. This was investigated by characterizing AS derived from

whole blood (cell health, growth factor content, effect on a BM-MSC

line) and growth factor release from platelet gels. The most important

finding of this study was that E+AS negatively affected the viability of

leukocytes and the release of the majority of growth factors from PRP

gels while E−AS did not. In addition, E−AS presence in culture media

resulted in higher proliferation of BM-MSC compared to E+AS.

Viability of leukocytes in the different AS preparations was

assessed. The average viability of leukocytes present in E−AS were

>95%, whereas the average leukocyte viability in the E+ AS was less

than 50% indicating cytotoxicity and cell lysis. Further, the average

number of total leukocytes was 30% lower in the E+AS than the E−AS.

High concentrations of alcohol primarily causes sudden cell death via

the necrotic pathway instead of the physiologic pathway of

aptotosis.22 Apoptosis includes cellular shrinking, chromatin conden-

sation, and margination at the nuclear periphery with the eventual for-

mation of membrane-bound apoptotic bodies that contain organelles,

cytosol, and nuclear fragments that are phagocytosed without trigger-

ing an inflammatory process. A necrotic cell swells, becomes leaky,

and releases its contents into the surrounding tissue resulting in

inflammation.23 The clinical significance, if any, of the observed loss

of cell viability is unknown, but the potential for increased amounts of

necrotic cell debris in E+AS would be expected to promote additional

inflammation at the point of injection. In addition, the high ethanol

content carries risk for cytotoxicity to directly contacted cells.

This was further investigated by the ability of AS supernatant to

support bone marrow-derived MSC proliferation. MSC were selected

because AS is frequently combined with bone marrow concentrate

and autograft or allograft bone to form bone graft composites. AS

were diluted 1:4 and 1:10 in tissue culture media before the MSC

were contacted. Fetal bovine serum was employed as the positive

control and culture media without any serum added was the negative

control. Over 48 hours, E−AS induced an MSC proliferation factor of

>3.5× at both the 1:4 and 1:10 dilution after 2 days in culture, similar

to the positive control (FBS). In contrast, the E+AS did not support

MSC proliferation, and cell concentrations were not significantly dif-

ferent than the negative control (serum free). To further explore this,

CSFE staining was used to quantify population doublings over

96 hours in the same groups. This similarly trended with the

F IGURE 3 Effect of AS on mesenchymal stem cell proliferation
over 48 hours. Dashed line indicates initial seeding density of
mesenchymal cells. Fetal bovine serum (FBS) was the positive control
and serum free culture media (SF) was the negative control. Groups
sharing the same letter are not significantly different
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proliferation results seen at 2 days, however similar doublings for the

1:10 and 1:4 E+AS groups indicates some degree of cytotoxicity at the

higher E+AS ratio played a role in total number of cells recovered. Sev-

eral cytokines and platelet derived factors were higher in E−AS sera

including PDGF and TGFβ which likely played a role in supporting the

proliferation of MSC observed.

Generally, growth factors in the AS preparations were consistent

over the storage period evaluated (4 hours). This is not surprising as

the majority of cell stimulation would have occurred during produc-

tion of the AS while the sample remained in contact with the materials

of the device. The loss of leukocyte membrane integrity that occurred

in E+AS, likely led to a release of intracellular molecules into the super-

natant. This could explain the increase of some cytokines in E+AS

preparations. For example, IL-18 is synthesized as an inactive precur-

sor and stored intracellularly.24 It is possible the ELISA detected an

epitope on this not yet functional precursor which would have been

released upon cell lysis. Similarly there are also intracellular IL-1ra

(icIL-1ra) isoforms different from secreted IL-1ra (sIL-1ra) that act

independently of IL-1 modulation.25 Lower concentrations of growth

factors could also be explained by degradation or denaturation of

growth factors and the identifiable epitopes.

Wound healing is a complex series of orchestrated events gener-

ally divided into coagulation, inflammation, proliferation, and remo-

deling. Attempting to derive the effect that would occur with a

difference of one specific factor is nearly impossible. However, it

could be assumed that ethanol would likely be a detriment to the nor-

mal healing process due to the observed lesser release of around 70%

of the growth factors and cytokines evaluated. For example, platelet

derived factors released upon initial degranulation, such as PDGF's

and TGF-β's, play a chemotactic role to attract cells to the wound bed

F IGURE 4 Effect of AS on mesenchymal stem cell population doublings over 96 hours. Fetal bovine serum (FBS) was the positive control and
serum free culture media (SF) was the negative control. Groups sharing the same letter are not significantly different. Representative fluorescent
intensity curves for CSFE staining are shown [Color figure can be viewed at wileyonlinelibrary.com]

MATUSKA ET AL. 149

http://wileyonlinelibrary.com


along with stimulating proliferation.26 Other factors, such as EGF, FGF,

and VEGF, are known to stimulate migration, proliferation, and matrix

deposition. Studies have shown decreased levels of these factors are

associated with chronic wounds.27 All of these factors were released to

a lesser degree in platelet gels activated with E+AS. IP-10 was the only

factor with significantly more secretion in E+AS platelet gels (specifically

at a 1:1 ratio), and this factor is typically associated with inflammatory

disease states.28 Longer incubation (ie, 24 hours) could have detected

additional differences in secreted factors that are part of later stages of

wound healing. While a leukocyte rich PRP formulation was used to

generate the platelet gels, growth factor release from other formula-

tions, including utilizing AS prepared from PPP and leukocyte reduced

PRP would be expected to alter growth factor release profiles.

There have already been many technological advancements in

preparing and understanding the various types of autologous blood

products that can be prepared at the point of care. In this study, two

sources of AS containing thrombin activity were evaluated. It was

found that E−AS promoted greater cell viability, supported cell prolif-

eration, and stimulated release of growth factors and cytokines from

TABLE 2 Comparison of cytokines and growth factor
concentrations in in AS (concentrations in pg/ml)

Factor

Storage

time (H) E+AS E−AS P-value

EGF 0.5 32.1 ± 20.0 96.6 ± 52.0 <.001

4 54.5 ± 24.2 92.6 ± 53.5

Eotaxin-1 0.5 21.8 ± 9.1 95.9 ± 47.2 <.001

4 28.6 ± 13.8 90.3 ± 50.5

FGF-2 0.5 157.9 ± 43.0 147.4 ± 99.3 .16

4 179.9 ± 58.4 119.7 ± 41.2

G-CSF 0.5 0.1 ± 0.1 8.0 ± 18.8 .26

4 0.4 ± 0.9 1.3 ± 2.2

GM-CSF 0.5 4.3 ± 4.3 27.6 ± 51.4 .19

4 4.8 ± 3.9 9.3 ± 5.4

IFNα2 0.5 11.2 ± 8.4 67.2 ± 129.5 .20

4 10.2 ± 9.4 21.3 ± 17.6

IFNy 0.5 0.3 ± 0.4 22.2 ± 46.6 .16

4 0.7 ± 1.0 5.8 ± 9.4

IL-10 0.5 7.3 ± 16.9 14.9 ± 32.9 .08

4 4.5 ± 10.0 13.4 ± 29.7

IL-12P40 0.5 7.7 ± 10.2 33.0 ± 61.4 .18

4 7.5 ± 8.1 13.3 ± 16.2

IL-12P70 0.5 2.3 ± 3.6 22.2 ± 47.6 .16

4 2.0 ± 2.6 7.6 ± 12.4

IL-17A 0.5 3.0 ± 5.0 12.0 ± 22.6 .14

4 2.4 ± 3.5 5.1 ± 6.1

IL-18 0.5 568.0 ± 167.2 196.2 ± 92.0 <.001

4 590.8 ± 236.9 195.8 ± 74.0

IL-1α 0.5 7.6 ± 12.3 51.6 ± 110.2 .21

4 4.8 ± 6.8 15.0 ± 22.5

IL-1β 0.5 0.7 ± 0.4 3.8 ± 6.8 .21

4 0.9 ± 0.4 1.4 ± 1.4

IL-1ra 0.5 1120.1 ± 530.0 84.3 ± 22.1 <.001

4 1239.6 ± 586.5 79.5 ± 11.1

IL-2 0.5 0.4 ± 0.4 4.7 ± 9.3 .17

4 0.2 ± 0.2 1.1 ± 1.5

IL-3 0.5 0.6 ± 0.3 0.6 ± 0.3 .047

4 0.7 ± 0.3 0.5 ± 0.2

IL-4 0.5 7.9 ± 2.0 27.5 ± 30.5 .08

4 13.9 ± 9.5 18.0 ± 13.6

IL-6 0.5 1.7 ± 2.0 4.2 ± 5.5 .04

4 1.6 ± 1.5 3.3 ± 4.1

IL-7 0.5 2.7 ± 5.4 6.4 ± 8.2 .01

4 3.2 ± 4.7 5.5 ± 9.6

IL-8 0.5 13.9 ± 10.1 13.2 ± 12.5 .24

4 18.4 ± 12.4 9.8 ± 6.6

IL-9 0.5 0.4 ± 0.2 1.3 ± 1.7 .11

4 0.5 ± 0.2 0.7 ± 0.4

IP-10 0.5 108.8 ± 85.1 149.1 ± 117.7 .01

TABLE 2 (Continued)

Factor

Storage

time (H) E+AS E−AS P-value

4 116.2 ± 63.2 150.4 ± 121.8

MCP-1 0.5 185.9 ± 77.9 431.3 ± 260.7 <.001

4 271.3 ± 119.6 437.1 ± 277.6

MDC 0.5 82.7 ± 67.7 592.7 ± 495.5 <.001

4 70.2 ± 38.1 448.6 ± 186.3

MIP-1α 0.5 3.2 ± 3.3 8.5 ± 13.0 .09

4 2.7 ± 3.5 5.6 ± 5.1

MIP-1β 0.5 28.0 ± 23.6 67.0 ± 41.2 .01

4 31.4 ± 20.7 56.0 ± 16.7

PDGF-AA 0.5 306.6 ± 156.2 4301.0 ± 6928.7 .03

4 385.9 ± 197.0 4036.6 ± 6254.1

PDGF-BB 0.5 557.7 ± 343.1 4021.1 ± 1721.6 <.001

4 354.2 ± 354.1 3677.6 ± 1409.1

RANTES 0.5 2488.8 ± 3686.6 280.1 ± 74.9 .02

4 2595.0 ± 3636.5 256.3 ± 71.5

sCD40L 0.5 0.9 ± 1.5 835.5 ± 328.9 <.001

4 0.6 ± 0.9 823.5 ± 349.0

TGF-β1 0.5 13 013.4 ± 4646.3 37 515.9 ± 21 306.0 <.001

4 12 587.3 ± 7038.3 44 062.4 ± 11 159.8

TGF-β2 0.5 579.6 ± 292.5 1643.5 ± 972.4 <.001

4 537.4 ± 332.2 1868.4 ± 578.1

TGF-β3 0.5 95.8 ± 45.6 97.9 ± 44.0 .07

4 58.9 ± 27.4 108.1 ± 64.3

TNFα 0.5 4.4 ± 2.8 24.5 ± 13.5 <.001

4 2.8 ± 3.0 19.9 ± 5.3

VEGF 0.5 98.1 ± 31.5 118.6 ± 75.5 .78

4 114.9 ± 31.0 102.4 ± 70.0
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PRP to a greater extent than E+AS. The insert provided with E+AS did

not provide any warning statements related to the ethanol content of

the AS produced or the need for its dilution to a certain percentage

prior to the application to the body. The data supports the concept of

developing autologous systems that do not employ ethanol reagents

in order to prolong room temperature storage of the final product.

Further clinical investigations would be needed to determine optimal

ratios, proportions, and formulations for specific treatments.
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