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Background: Platelet-rich fibrin (PRF) blood concentrates are used in oral implantology and defect surgery to promote osteoneogen-
esis in Bone Marrow Defects in Jawbone (BMDJ), according to the morphology of fatty-degenerative osteonecrosis also called FDOJ.
Question: Can the benefit of PRF on alveolar osteoneogenesis be confirmed by cytokine analysis?.

Methods: The cytokine expressions of the PRF samples in 26 patients undergoing BMDJ/FDOIJ surgery in the same session were
analysed for seven cytokines (RANTES/CCLS; FGF-2; IL-1RA; I11-6; IL-8; MCP-1; TNF-a) by multiplex (Luminex). The FDOJ
samples of these 26 BMDJ/FDOJ patients were analysed for the RANTES/CCLS5 expression only.

Results: Cytokine expression in PRF is compared to reference values for healthy medullary bone of the jaw and BMDJ/FDOJ and
shows that the cytokine expressions of the PRF samples do not compensate or counteract prima vista for the cytokine dysregulations
present in the BMDJ/FDOI areas.

Discussion: To define the aid of cytokines studied in PRF in the restoration of the immunological dysregulation in areas of BMDJ/
FDOJ, literature is reviewed comparing RANTES/CCLS5, IL-1ra, TNF-a. and MCP-1/CCL2 expression in PRF and BMDJ/FDOJ.
Immunoregulatory properties of PRF in alveolar bone restoration are evaluated.

Summary: PRF was mistakenly thought to be a cure for bone healing, which is here shown to be incorrect. Enoral Ultrasound
Sonography of bone density is available for the clinical measurement of individually developed osteoneogenesis by PRF.
Conclusion: The multiplex analysis of PRF shows a dynamic and cytokine-based interaction with osteoneogenesis that is not yet fully
clarified.
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Introduction
Osteoimmunology of Wound Healing

Bone regeneration is an important pillar of wound healing in oral surgery and implantology procedures in dentistry. The tissues
involved in wound healing may be regarded as an immunologically active microenvironment whose immunological parameters
are primarily modulated by macrophages and T cells. An initial immune-mediated and controlled inflammatory response is
essential.' The relationship between inflammation, the immune system and bone has led to a new field that may be termed
“maxillo-mandibular osteoimmunology”* and encompasses the science related to osteoclast development and osteoneogenesis in
the jawbone.® Alveolar macrophages also play a special role during the early stages of the osseointegration of implants.* In the
case of immune and inflammatory reactions to biomaterials, “inflammation” is associated with an undesirable defence. At the
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same time, however, inflammatory reactions are necessary initial processes in the regulation of wound healing and osteoneogen-
esis. The primary phase of inflammation is therefore of critical importance to a successful osteoimmunological dynamic.’
However, an osteo-immune dysbalance may result not only from local and systemic oxidative stress,®’ but also from undesirable
immune responses that are connected to the failure of wound healing in implantology.8

Blood Concentrates in Osteoimmunology

Blood concentrates are increasingly being used in oral surgery as autologous products to support wound healing and bone
regeneration. These concentrates are prepared by centrifugation of the patient’s own peripheral blood.” To date, there has
been research into the composition of cells and growth factors found in these blood-derived products and scientific
explanations of their respective bioactivity. The platelet-rich fibrin (PRF) procedure is considered to be an entirely
autologous system. PRF is the body’s own fibrin-rich matrix, which is an important component of blood and is obtained
by centrifuging the patient’s own blood.'® The protein fibrin serves as a natural protective barrier against germs and
contributes to blood clotting. When closing wounds, fibrin acts as a kind of natural adhesive. The matrix also contains
a particularly large number of white blood cells which store information for tissue regeneration.'’ In addition, PRF
contains platelets, whose growth factors promote wound healing.'? It has been shown that the bioactivity and composi-
tion of blood concentrates depend directly on the centrifugal force applied. By reducing the centrifugal force, both
leukocytes and thrombocytes are concentrated in the PRF matrix, thereby increasing the bioactivity of PRF. Leukocytes
and their subgroups play an important role in initial wound healing and can therefore accelerate and support
regeneration.'>!'* The innovative concept for improved wound healing by the application of PRF was developed in
2001 by Dr Joseph Choukroun and his colleagues'® and has become established in the daily practice of oral surgery and
implantology based on evidence-based practice.'® Previous research on PRF has mainly focussed on tissue regeneration
via M1/M2 macrophage activity.
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Bone Marrow Defects and Fatty-Degenerative Osteonecrosis of the Jawbone

The death of local bone marrow cells due to chronic stimulation resulting from unfavourable factors such as inflammation of
the jawbone may lead to chronic osteoimmune dysregulation. In previous publications, we defined this chronic inflammatory
process in bone marrow defects of the jaw (BMDJ) as fatty-degenerative osteonecrosis of the jaw (FDOJ) that is associated
with chronic overexpression of the proinflammatory cytokine RANTES/CCL5 (R/C)."”"'° BMDIJ/FDOYJ is also primarily
defined in the literature as “bone marrow edema” or silent or subclinical inflammation, without the typical signs of acute
inflammation.”>*' Figure 1 shows one of the tissue samples obtained during a surgical procedure to excise a bone marrow
defect of the jaw.'” We also further investigated 128 additional BMDJ/FDOJ samples to measure the levels of various
cytokines using a cytokine panel consisting of FGF-2, IL-1ra, IL-8, IL-6, IL-10, MCP-1, TNF-o. and R/C (Figure 1)."® It is
clinically remarkable that, with the exception of cases of atypical facial pain and trigeminal neuralgia, BMDJ/FDOJ does not
elicit pain in most patients. The absence of a painful inflammatory response may be explained by the decreased expression of
TNF-a and IL-6 in BMDIJ/FDOJ, with TNF-a expression reduced by one-third and IL-6 expression reduced by one-tenth
compared to the expression levels of 19 samples of healthy bone marrow. Thus, the levels of these acute inflammatory
mediators are insufficient to drive acute and painful inflammation for proper wound healing in most cases of BMDJ/FDOJ."
Graphical statistics of Figure 1 in Figure 2 show the the mean value of the respective cytokine in 128 BMDJ/FDOJ samples
(MV FDOJ, n = 128) and the mean value of each cytokine in 19 healthy jaw bone samples (Norm = 19) including the standard
deviation (StDEv+)."”

The Aim of the Application of PRF in Osteoimmunology
Ideally, the aim of the application of PRF in osteoimmunology following the excision of BMDJ/FDOJ is to compensate
for the dysregulated cytokine patterns that are characteristic of this condition in order to induce optimal wound healing
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Figure | Legend: Columns in red (MV) show the mean value of the respective cytokine in 128 BMD)/FDQOJ samples; columns in blue (Norm) show the mean value of each cytokine
in 19 healthy jaw bone samples. The distribution of the multiplex analyses of 128 BMD)/FDOJ samples shows marked singular overexpression of R/C, mild overexpression of IL-Ira
(red arrows) and highly downregulated TNF-a and IL-6 expression (blue arrows). (*) Indicate medium values of cytokine expressions in BMD)/FDO] samples. The inset image shows
one of the characteristic samples of fatty-degenerative osteonecrosis of the jaw (FDOJ) which was evaluated using a cytokine panel analysis.'®

FGF-2 Il-lra -6  Il-8  MCP-1 TNFa  RANTES
MV FDOJ (n=128)781,5 731 5,5 3,5 121,1 5,2 5.188
Norm (n=19) 27,6 1955 1010 7,5 203 11 149,9
StDev+ 717,41 9796 11,5 48,9 1188 10,1  3.004,7

Figure 2 Graphical statistics of. Figure |: MV FDOJ = 128 show the mean value of the respective cytokine in 128 BMDJ/FDO) samples; Norm = |9 show the mean value of
each cytokine in 19 healthy jaw bone samples.'9
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and neogenesis in jawbone. Wound healing in bone begins with an inflammatory response which is usually the response
of vascularized living tissue to trauma.”? The consistent lack of proinflammatory cytokines found in samples of fatty-
degenerative BMD]J indicates failed wound healing.'®'? This is so since inflammation is considered to be a useful
mechanism in the early days of bone healing. When the inflammatory process is prolonged, however, the beneficial effect
is reversed and the process becomes detrimental.®> In jawbone samples that were previously investigated, the down-
regulation of angiogenic cytokines resulted in the absence of angiogenesis, finally resulting in ischemia and hypoxia in
the BMDJ/FDOJ areas concerned.”**> In contrast there has been very limited research into the osteoimmunological
effects of PRF application in surgery of the jaw. In addition to macrophages, CD4+ T helper cells with cell-specific
secreted cytokines play a key role in the osteoimmunology of bone regeneration. To clarify the cytokine release in PRF
blood concentrate, we investigated this in patients’ individual PRF centrifugate.

Objectives
To wheather serve the cytokine levels present in PRF samples to compensate for the pathological expression patterns of
BMDIJ/FDOJ? Does the PRF cytokine concentration measured provide the expected positive osteoimmunological
regeneration stimulus at the surgical site in comparison with BMDJ/FDOJ cytokine concentration?

Hitherto no cytokine analysis of PRF in comparison to cytokine expression in BMDJ/FDOJ has been published. We
try to enlighten this in this paper (see graphical abstract).

Materials and Method

Preparation of PRF Samples

For each of the 26 patients, 10mL of venous blood was drawn from a peripheral vein into PRF blood tubes via a butterfly
needle (Figure 3). Centrifugation was performed using a PRF Duo Centrifuge (Mectron) according to the instructions. In
this study, the low-speed centrifugation concept (LSCC) was used to precisely determine the PRF composition (UPM =
1300; RCF = 208g; 8 min).

Following this, the PRF clot was taken in a standardised manner immediately after phase separation from the yellow
PRF layer, directly adjacent to the phase transition.'>*® On collection, pea-sized lumps of PRF samples samples were
immediately placed in a sterile collection vessel (Sarstedt Micro-Tube Ref. 72.692.005) and hermetically sealed. Each
sample was stored at —20°C until transported individually to the laboratory for Multiplex analysis (Luminex) for a seven
cytokine panel (RANTES/CCLS, FGF-2, IL1-RA, 11-6, IL-8, MCP-1, and TNF-a. (See Figure 3).

PRF Cytokine

______ Buffy . Panel
Luminex-

SRR
Lab RANTES/
Analysis ccLs

FGF-2
IL1-RA
I-6
IL-8
MCP-1

TNF-a
N

Figure 3 From left to right: PRF clot frozen transport to laboratory for Multiplex analysis (Luminex) for a seven cytokine panel (RANTES/CCLS5, FGF-2, ILI-RA, II-6, IL-8,
MCP-1, and TNF-a: See Figure 2).
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Preparation and Laboratory Analyses of PRF and BMDJ/FDQO]J Samples

Pea-sized lumps of PRF samples from each of the 26 participants were sent frozen from our clinic, as well as
corresponding samples of BMDIJ/FDOJ from same patients to a laboratory (IMD-Berlin*) for analysis using
a cytokine panel of FGF-2, IL1-RA, IL-6, IL-8, MCP-1, TNF-0, RANTES (R/C). On collection, PRF and BMDJ/
FDOJ samples were immediately placed in a sterile collection vessel (Sarstedt Micro-Tube Ref. 72.692.005) and
hermetically sealed. Each sample was stored at —20°C until transported individually to the laboratory where the tissue
material was mechanically processed in 200 uL of protease buffer (Complete Mini Protease Inhibitor Cocktail, Roche, D)
and homogenized. The homogenate was centrifuged for 15 minutes at 13,400 rpm and the supernatant was then removed
and centrifuged for an additional 25 minutes at 13,400 rpm. The quantification of R/C was determined in the supernatant
of the tissue homogenate using the Human Cytokine/Chemokine Panel I (HCYTOMAG-60K, Merck KGaA, Darmstadt,
D) according to the manufacturer’s protocol and using Luminex 200™ with xPonent© software (Luminex, Austin,
TX, USA).

Patient Cohort
The clinical samples of BMDJ/FDOIJ obtained in this study were provided by 26 patients who underwent surgical
treatment at the authors’ clinic. All of the participants in this study had chronic immune diseases and were referred to the
authors’ clinic following appropriate specialist diagnoses. These patients sought to resolve chronic inflammatory bone
defects of the jaw by restoring these immunologically altered BMDJ/FDOJ areas. The elimination and resolution of the
chronic inflammatory cascades occurring in these regions was also associated with the prospect of reversing the patients’
systemic immune imbalance and associated symptom relief.>” The potential links between BMDJ/FDOJ and R/C-driven
immune diseases, particularly those associated with the singular overexpression of R/C, have been presented in previous
studies. 71919

All patients gave written informed consent (as described in the PLOS informed consent form) to participate in this
study and for publication of the results. All patient data were de-identified. Each patient expressed an interest in
determining whether chronic inflammation in the jawbone was present and, if so, associated with a diagnosis of chronic
immune dysfunction or systemic disease. All investigations of the samples obtained from human participants in this study
were performed and approved by the forensically accredited Institute for Medical Diagnostics, Nikolaistr. 22, D-12247
Berlin (IMD-Berlin). The approval decision was reached independently of Dr. Volker vonBaehr by IMD Berlin, in
accordance with DIN EN 15198/DIN EN 17025 and in compliance with the Declaration of Helsinki of 1975 as amended
in 2013 or comparable ethical standards. Figure 4 shows a tissue sample obtained in the course of a surgical procedure to
remove a bone marrow defect of the jaw (BMDJ). In previous publications, we described the pathological morphology

alteration of such areas.'®!’

Figure 4 Areas of BMD)/FDO). The left panel shows a hollow cavity in areas 38-39 after curettage of a softened, spongy bone marrow defect of the jaw (BMD)). The right
panel shows a clump of tissue displaying fatty degeneration of bone marrow (FDQJ) with the typical yellowish coloring characteristic of this fatty transformation.
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Results

Cytokines in PRF

For comparison with the available cytokine profiles for samples of BMDJ/FDOJ, the laboratory (IMD-Berlin*) assessed
the PRF samples from the patient cohort provided with a cytokine panel including RANTES/CCLS, FGF-2, IL1-RA, 11-6,
IL-8, MCP-1, and TNF-a (Figure 5).

RANTES/CCLS in PRF (n = 26) and in BMDJ/FDO] (n = 26)

Portions of PRF samples were collected from the same 26 patients after preoperative blood sampling, and immediately sent
frozen for laboratory analysis. Afterwards, the corresponding patient's BMDJ/FDOJ area was opened intraoperatively and
the BMDJ/FDOJ sample was also sent frozen for laboratory analysis. Figure 6 shows the results of R/C expression for the 26
PRF samples from Figure 5 on the left and the R/C expression from 26 BMDJ/FDOJ samples on the right.

Statistical Analysis

The quantitative data of the new research were analyzed using descriptive statistics, which was calculated using IBM
SPSS, version 19 (IBM Corporation, Armonk, NY, USA). The median, the arithmetic mean value, and data distribution
were calculated. Differences between cohorts were computed with Student’s #-test or Spearman’s rho. The two-sided
unpaired #-test was used to determine differences within groups, whereas Spearman’s coefficient was used to analyze

correlations among the results of the cytokine profile analyses. The significance level was set at P<0.05.

Proband RANTES {pg/ml) | FGF-2 (pa/ml) | ILIRA (pa/ml) | IL-6 (pa/ml) | IL-8 (pg/ml) | MCP-1 (pg/ml) | TNFa (pa/mi)
1 7380,0 770 3914 3,20 59,3 658 14,4
2 3360,0 701 2584 3,8 64,3 416 17,5
3 9600,0 307 1482 3,20 35,7 983 10,7
4 6600,0 71 591 3,20 27,8 352 5,7
5 30000,0 223 2505 3,20 42,4 369 15,1
6 7395,0 398 2684 11,1 50,2 230 10,3
7 10290,0 278 1682 3,20 38,4 217 10,1
8 11415,0 259 5795 3,20 124 358 12,7
9 9480,0 289 1482 3,20 28,3 332 4,9
10 10995,0 289 7009 3,20 203 386 21,9
11 4380,0 127 1172 3,20 14,3 370 13,0
12 9885,0 149 1371 3,20 80,5 283 13,0
13 11430,0 134 3344 3,20 104 309 22,8
14 9240,0 220 1983 14,7 73,8 523 19,1
15 7785,0 236 1947 3,20 83,8 360 12,5
16 29760,0 390 2049 33,4 65,4 858 14,5
17 3780,0 93,4 10,7 3,20 8,2 383 15,0
18 5865,0 108 447 3,20 25,6 281 15,1
19 18600,0 281 7202 3,5 225 221 11,7
20 10440,0 186 5042 3,20 166 300 21,1
il 5415,0 91,3 1328 16,4 92,1 315 12,6
22 10440,0 328 623 53,8 102 529 20,4
23 5790,0 146 537 3,20 30,0 196 19,0
24 69,00 99,5 1521 149,0 224 288 6,4
25 42,00 46,1 593 3,20 26,3 641 5,6
26 81,00 137 601 3,20 16,2 271 10,1

MV (pg/ml) 9212,2 245 2288 35,7 77,3 401 13,7

Figure 5 Distribution of cytokine expression of PRF samples from 26 patients as determined by multiplex analysis of the following cytokines in pg/mL: R/C, FGF-2, ILI-RA,
IL-6, IL-8, MCP-1 and TNF-q.
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Figure 6 Graphical statistics to Figure 5: Left picture: Results of RANTES/CCLS5 expression in 26 PRF samples (MV = 9.212,19 pg/mL; StDev = £7.352,03 pg/mL). Right
picture: Results of RANTES/CCL5 expression in 26 BMD)/FDO)J samples of same patients as PRF (MV = 2.766,88 pg/mL; StDev = +3.399,78 pg/mL).

Discussion

The increasing prevalence of the application of PRF in oral surgery attests to the obvious benefits of this technique for
tissue regeneration. The results of this study therefore challenge us to reconsider the clinical evidence with the conflicting
laboratory data.

Cytokines in BMDJ/FDO]|

As shown in Bone Marrow Defects and Fatty-Degenerative Osteonecrosis of the Jawbone BMDIJ/FDOJ areas show an
absence of the classic markers of inflammation and their significantly reduced expression in the cytokine pattern (see
Figure 1). On average, TNF-a is downregulated to one-third, and IL-6 to one-tenth, of the levels found in healthy cancellous
bone. This feature of BMDJ/FDOJ'® impedes an appropriate inflammatory defense response. At the same time, the lack of
acute medullary tissue reaction may lead to the cryptic symptomatology that is often characteristic of BMDJ/FDOJ, namely
the failure to elicit a pain response in most patients. The reduced expression of TNF-a and IL-6, however, contrasts with the
singular overexpression of the proinflammatory chemokine R/C that is found in BMDJ/FDOJ.

Comparison of Cytokines in PRF to Reference Values for Healthy Medullary Bone of
the Jaw and BMDJ/FDOQO)]

The hypothetical mechanism of the postoperative application of PRF blood concentrate is to aid in the restoration of the
immunological dysbalance in areas of BMDJ/FDOJ. One way in which this may occur is that the pattern of PRF cytokine
expression counteracts the effects of both the up- and down-regulated cytokines found in BMDJ/FDOJ and thus leads to
the immunological revision of the inflammatory dysregulation in the jawbone defects (see Figure 1). Ideally, this would
lead to optimal wound healing in osteoimmunological and osseointegrative procedures. Figure 7 compares the cytokine
analyses of PRF samples (blue columns) with previously collected data from 128 BMDJ/FDOJ samples, where we added
the new R/C of 26 actually debrided BMDJ/FDOJ samples (red columns) and 19 samples of healthy medullary bone of
the jaw (green columns).'”"°

Figure 7 clearly shows that the cytokines R/C and IL-1RA, which are already elevated in the bone marrow defects,
are expressed at even nearly double higher levels in the PRF. In contrast, the desired initial starter function for osteogenic

wound healing of TNF-a, MCP-1 and IL-6 is only slightly promoted.
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Figure 7 Comparison of cytokine expression patterns observed in the 7-cytokine panel for |9 samples of healthy medullary bone of the jaw (green columns), for 128 BMD)/
FDOJ samples where we added the new R/C of 26 actually debrided BMDJ/FDO]J samples (red columns), and 26 PRF samples (blue columns).

9,221.0 2,288

x10 &
v ¢¢*$¢

245
357 773 13.7
RANTES FGF-2 IL-1RA IL-6 IL-8 MCP-1 TNFa
x10  (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml)

(pg/ml)

Figure 8 Hypothetical mechanism of aim of PRF (yellow columns), ie, balancing the pathological cytokine profile of BMDJ/FDQOJ by upregulating TH-1 acute cytokines IL-6,
MCP-1 and TNF-q, (red arrows), and downregulating TH-2 cytokines, (blue arrows).

Lack of Counteraction to Cytokine Imbalance in BMDJ/FDQOJ in PRF

One of the hypothetical aims in applying PRF postoperatively in this context is to counteract the effects of the
pathogenetic BMDJ/FDOIJ cytokine patterns with the introduction of compensatory cytokine concentrates present in
PRF (see Figure 8). a) The downregulated TH-1 acute cytokines IL-6, MCP-1 and TNF-a should be upregulated (red
arrows) by PRF application (yellow columns); b) the upregulated TH-2 cytokines should be downregulated (blue
arrows); ¢) However, this is clearly not the case (Figure 8).

Osteoneogenetic Effect of RANTES/CCL5 Overexpression in PRF

Our data show that the PRF samples have an R/C expression of 9.221 pg/mL, a level twice as high as that found
postoperatively in the corresponding BMDIJ/FDOJ areas, ie, 5.218 pg/mL. At first glance, this could mean that with the
application of PRF, the chemokine R/C is reintroduced in BMDJ/FDOJ surgical sites - or prepared implant sites - in double the
concentration. From this perspective, the purpose of PRF application following the surgical removal of an area of chronic R/C
expression due to BMDJ/FDOJ appears to be called into question. Interestingly, an increase in R/C has been associated with
decreased vitamin D levels.”**® An increased level of R/C in PRF may, therefore, be associated with reduced osteoneogenesis.

What, then, is the evidence against this obvious conclusion? On the one hand, R/C alone is highly expressed in PRF,
which is not surprising given the concentrated number of platelets. However, it should be borne in mind that R/C present
in PRF has different osteoimmunological significance than R/C found in BMDIJ/FDOJ tissue which has been expressed
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continuously over years. In BMDJ/FDOJ areas, which are characterised by chronic impaired wound healing, the
chemotactic advantage of R/C with respect to immunological rebalancing does not apply. The question remains as to
why the high level of R/C in BMDJ/FDOJ is unable to resolve the chronic osteoimmune disorder found in these areas,
even over years.”’ The one-off application of PRF with an extremely high concentration of R/C contrasts with the chronic
expression of R/C in BMDIJ/FDOJ areas, which is also strikingly elevated.

Research shows that suppression of endogenous CCL5 expression inhibits osteogenesis.”> Downregulation of the
chemokine receptors CCR1 and CCL5 receptors significantly reduces the osteogenesis of human mesenchymal stem cells
(MSCs).** Both R/C and the associated receptors (CCR1/CCRS5) are required for the osteogenesis of MSCs. However,
the function of R/C in osteogenesis, especially the effects of R/C on the process of differentiation of MSC into
osteoblasts, has not yet been investigated in human cells and the regulatory mechanisms of R/C in the osteogenesis of
human MSC are still unknown.>® Higher levels of R/C are associated with normal wound healing? and both MCP-1 and
R/C recruit macrophages to the site of injury.>' R/C has also been shown to be significantly increased in the wounds of
younger burn patients compared to older patients.*> R/C thus appears to have two sides: At the same time, R/C is
fundamentally required for osteogenesis and the high expression of this chemokine is generally regarded as conducive to
positive wound healing.'*°>® Thus, the favourable effects of PRF application may be since the R/C concentration is
increased and osteoneogenesis is promoted.

Literature Review Comparing IL-lra Expression in PRF and BMDJ/FDO)]

IL-1, a key proinflammatory cytokine, triggers the induction of a broad spectrum of other proinflammatory cytokines,
including IL-6.%"* Interleukin 1 mediates bone resorption and cartilage destruction. The cytokines IL-1 and TNF-a (see
section 5.6) are the main proinflammatory signaling agents. These two cytokines are released by tissue macrophages when
exposed to an inflammatory stimulus (such as bacteria, fungi and autoantigens, as well as foreign substances).>> The main
proinflammatory effects of IL-1 and TNF-a are stimulation of T- and B- cells and macrophages, activation of the vascular
endothelium and induction of the acute phase response.*® Research shows that the interleukin 1 (IL-1)-interleukin 1 receptor
antagonist (IL-1ra) is an anti-inflammatory cytokine that selectively inhibits the effect of IL1, ie, IL-1ra blocks IL1-mediated
inflammatory reactions.**>”

In this study, upregulated IL-1ra in PRF counteracts the activities of proinflammatory triggers IL-1 and IL-6 that are
necessary for osteoneogenetic wound healing. Our data show that PRF has an IL-1ra expression of 2.346 pg/mL, an
approximately 3-fold increase compared to the level in BMDJ/FDOJ (731 pg/mL).'® The overexpressed concentration of
IL-1ra in PRF (2.346 pg/mL) appears to be counterproductive to optimal wound healing with an initial promotion of
inflammation in the context of osseointegration and osteoimmunological rebalancing.

Literature Review Comparing TNF-a Expression in PRF and BMDJ/FDO)]

The inflammatory response plays a crucial role in the early phase of fracture healing. In a fracture, the immune cells, eg
macrophages, lead to the secretion of inflammatory cytokines such as tumour necrosis factor-alpha (TNF-a), which
controls the healing processes mediated by MSCs. In the first 24 hours after fracture, TNF-a expression is significantly
increased under normal conditions and its influence on the concentration of MSCs and cell differentiation becomes
significant three days after fracture.>’ The absence of TNF-a signalling reduces the concentration of MSC in the callus by
more than 20%. Thus, an optimal TNF-a concentration is required to promote the early phase of healing. Excessive or
insufficient secretion of TNF-0. may significantly hinder this process.*®*” The initial stage of BMDJ/FDOJ is charac-
terised by having only one third of the TNF-a activity as healthy cancellous bone of the jaw. As TNF-a plays an essential
role in promoting wound healing in the early phase of osteoneogenesis,”*~* the reduced TNF-a activity in BMDJ/FDOJ
explains the deficient ossification present in these areas of the jaw.

Our data show a threefold increase in TNF-o expression in PRF compared to the level determined in the cytokine
panel for previously obtained BMDJ/FDOJ samples.'® Overall, however, with a value of only 13.7 pg/mL, TNF-a
expression in PRF appears to be rather under-regulated compared to the initial phase of osteoneogenesis in healthy
jawbone (11,0 pg/mL)."
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Literature Review Comparing MCP-1/CCL2 Expression in PRF and BMDJ/FDO]

MCP-1/CCL2 is a chemokine classically associated with the recruitment of macrophages and monocytes during angiogen-
esis and also required for the normal progression of wound healing.***° MCP-1/CCL2 is CCL2-KO mice exhibited reduced
re-epithelialisation associated with reduced macrophage infiltration of wounds.?'*® Acute MCP-1/CCL2 stimulation may
facilitate osteogenesis during the initial phase of bone healing, promoting macrophage-MSC crosstalk and, subsequently,
by the activation or licensing of MSCs by proinflammatory macrophage cytokines.*” This study demonstrates that MSC-
derived MCP-1/CCL2 is required for MSC-induced accelerated wound healing.*® MCP-1/CCL2 expression also promotes
osteogenesis. In coincidence with the above research our data show that MCP-1/CCL2 has a level of 397 pg/mL in PRF,
which is a threefold higher activation of this inflammatory signal compared to that of BMDJ/FDOJ with 121.5 pg/mL. As
a result, MCP-1/CCL2 in PRF may induce osteoneogenesis and compensate for the original deficit of MCP-1/CCL2
expression in BMDJ/FDOJ.

Limitations of the Study

This research is a singular observation, as the question remains open as to whether it may be precisely this mixture of
pro- and anti-inflammatory mediators that leads to the activation of osteogenesis in PRF. Since cytokines always interact
with each other, their individual effects should not be overestimated in the interpretation of the results of this study. Of
course, the individual cytokines in the centrifuged plasma of PRF only have a positive or negative effect on the
osteomodulatory target to the extent that the corresponding receptors are also present in the PRF. The question of
whether PRF from FDOJ patients could prove a positive effect of PRF in promoting bone healing and osteoimmuno-
logical balance and the clinical observation of the application of PRF in the surgery of FDOJ patients need to be analysed
in further studies.

Conclusion

Wound healing is an immune-inflammatory process that, ideally, could be stabilised by the application of PRF and
brought into osteoimmunological balance. Unfortunately, PRF was mistakenly thought to be a cure for bone healing,
which is here shown to be incorrect. Blood concentrates alone cannot heal bone. The centrifugation of serum and the PRF
prepared in this way are only restricted capable of triggering a target-orientated dynamic for cytokine regulated
osteoneogenesis that has not yet been fully clarified. The positive evidence and widespread use of PRF in dental
practices nevertheless necessitates further research into the immune processes associated with PRF. The use of
ultrasound-guided measurement of PRF-induced bone density and alveolar osteoneogenesis for the purpose of evaluation
and clinical verification is an available and practical chairside technology. The currently available methods of radio-
graphic monitoring do not appear to fulfil these requirements.

The aim of PRF application is to initiate a process of immune surveillance that contributes to the restoration of tissue
homeostasis after oral surgery. Previous studies show that the high platelet content of plasma results in an increase in
positive growth factors.''~'*"'> Under the premises established in Osteoimmunology of Wound Healing, the results of our
PRF analysis may be confusing or disappointing. At first glance, the expected immune inducing and counteracting effect
of PRF on BMDJ/FDOJ areas does not appear to be direct or immediate. The imbalanced distribution of underexpressed
TH-1 cytokines, such as IFN-g, TNF-0, MCP-1/CCL2 and IL-1, compared to overexpressed TH-2 cytokines, such as R/C
and IL-1ra, that is originally present in BMDIJ/FDOIJ also persists in PRF rather than offsetting that distribution. The
changing osteoimmunological effects of the cytokines present in PRF that were analysed in this study make it difficult to
draw a clear conclusion, but they contribute to the knowledge base on osteoimmunology in jawbone. It is important to
acknowledge that the data collected in this study with respect to the analysis of PRF only represent the initial findings
regarding the early phase of an osteoimmunological process that takes place over a longer period of time.

Nonetheless a method is necessary for the documentation of success or failure in the application of PRF, preferably in
a practical manner and with precise scaling, of the stages of osteoneogenesis and implant osseointegration induced by
PRF. Radiation-free trans-alveolar ultrasonography, which is not stressful for the patient, is suitable for this purpose.*'***
This could provide further necessary scientific findings concerning the clinical effects of PRF.**
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