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ABSTRACT

Background: Leukocyte-platelet-rich plasma (L-PRP) is considered an important source of growth factors, especially
Transforming growth factor B 1 (TGF-B1), which modulates the proliferation and regulation of mesenchymal cells, and also
exerts an influence on the hematopoiesis, osteogenesis, and adipogenesis in bone microenvironment. Thus, the aim of this
study was to evaluate the effect of L-PRP on the calvarial bone repair and compare its results on the presence of TGF-1,
CD34, CD45, bone morphogenetic protein 2 (BMP2), BMPR1B, and Runx2 proteins detected by immunohistochemistry.

Material and Methods: Four bone defects were created on the calvaria of 23 rabbits. The defects were treated with autograft,
L-PRP alone, and L-PRP mixed with autograft. The animals were euthanized at 2, 4, and 6 weeks post-surgery.

Results: Unlike autograft and sham groups, the defects treated with L-PRP demonstrated significant positivity to TGF-p1,
while the BMP2 was scarce. These results coincided with the lower bone matrix deposited and larger medullary area, which
were composed of fibrosis, when treated with only L-PRP, or intense adiposity on defects filled with L-PRP mixed with
autograft. The fibrosis that occurred was associated with a minor percentage of osteoproteins, intense presence of
CD34*CD45" cells, and significant expression of TGF-B1 in all time periods analyzed. The adiposity occurred from the
major presence of osteoprogenitor BMPR1B* Runx2* cells simultaneously to BMP2 TGE-f1* and CD34*CD45"" expres-
sions predominantly on the earlier period.

Conclusion: From this study, it can be concluded that the L-PRP used alone or mixed to autograft hindered the osteoneo-
genesis due to suppression of immunoexpression of BMP2, while the immunopositivity of TGF-B1 was intense. When used
alone, the L-PRP induced a fibrotic condition associated with TGF-B1 presence and lack of osteoproteins, but when L-PRP
was mixed to autograft, it induced the presence of the osteolineage cells (BMPR1B*Runx2*), but also inhibited the terminal
osteoblastic maturation associated with the lack of BMP2 and the presence of TGF-B17, a fact that contributed to cellular
transdifferentiation into fat cells.
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morphogenesis and differentiation, while also contrib-
uting to enhanced bone formation.*” Despite this attrac-
tive rationale, some clinical results and analysis of the
animal research have not revealed consistent and reliable
results, generating confusion regarding the real benefi-
cial effect of PRP in the bone repair.* "’

Actually, the difference of opinion about the effect
of PRP on the osteoneogenesis has been speculated
upon, especially in the variations in the PRP confec-
tions. In recent review, Arnoczky and colleagues' indi-
cate that PRP preparations may include white blood
cells (leukocytes) in their final product. The presence of
the white blood cells is known to play a key role in the
initial phases of inflammation and there is significant
doubt about the real potential benefits of the white
blood cells in PRP preparations, a fact that may contrib-
ute to the variation of results found in the literature
when PRP is used. In fact, a clear definition of what
qualifies the PRP as leukocyte poor or leukocyte rich
does not yet exist. Commonly, when most authors refer
to leukocyte-poor PRP, they describe a product that has
had leukocytes intentionally removed from the collected
blood solution,'? as performed by Marx and col-
leagues."”” However, most studies do not mention this
leukocyte removal during the PRP production. In these
cases, the PRP has been considered only as a fraction of
the buffy coat (rich in platelet and leukocytes) associated
with small amounts of plasma obtained during the cen-
trifugation process.'™'? Thus, studies using leukocytes-
rich PRP (L-PRP) remain a likely alternative to study of
the bone repair. This hypothesis has been considered
since the fraction that contains white blood cells may
also contain considerable quantities of the CD34+ stem
cells, which is a progenitor cell derived from medullary
lineage. A recent study reported by Giovanini and col-
leagues' revealed inhibited bone healing in a PRP-
treated rabbit calvarial defect model despite elevated
levels of CD34+ cells.

Apart from this, the presence of the CD34+ cells is
also expected when the L-PRP is used, since platelets
induce the chemotaxy of the CD34 stem cells. In this
work, we hypothesized that the L-PRP could alter the
biology of the calvaria bone repair, changing the biology
of the CD34+ cells differentiation.

This hypothesis is plausible since CD34 originates
in the hematopoietic cells, adipose, and bone. Yet, the
development for each tissue that compounds the bone/
medullary tissue is a complex process, given that the

bone marrow and bone are anatomically contiguous
tissues."””™ They share an ordinary growth factor
(Transforming growth factor [TGF]-B1) in their devel-
opment or inhibition.'®"* In addition, the lineage of the
CD34 cell may be functionally different, and be defined
as multipotent hematopoietic stem cells when associated
with a lack of CD45 (CD34*CD45™ lineage) or long-
term self-renewal cells, which have the ability to give
themselves only, when CD34" cells are co-expressed with
a CD45 immunophenotype (CD34"CD45" lineage).”

The hematopoiesis is associated with primitive stem
cell proliferation and differentiation. It involves a suffi-
cient and constant production of bone marrow matur-
ing cells, which includes both erythroid and myeloid
lineages.*"** All leukocytes and nucleated hematopoietic
cells are characterized by unique cell surface expression
CD45, which has been shown to regulate and express in
all stages of both myeloid and lymphoid maturation.*

Other proteins are also commonly expressed and
they have an important impact on cellular differentiation
from CD34 stem cells. For example, the activation of
some of the proteins and transcription factors and, con-
sequently, the repression of others is essential for the
commitment of cells to a specific differentiation lineage.
The presence of these proteins may indicate the pattern
characteristic for the particular type of cells, especially in
bone development, while the adipose differentiation
pathways are inhibited.'*® In this way, the bone morpho-
genetic protein 2 (BMP2) is a crucial participant in post-
natal skeletal homeostasis, and the signal provided by this
protein is required for the inherent reparative capacity of
bone.”* In calvarias, the biological activities of BMP2
are mediated through binding to active receptors sub-
units (BMPRs), especially BMPR1B.”® When BMP2 and
BMPRI1B interact, it stimulates the Runt-related tran-
scription factor-2 (Runx2), a transcription factor neces-
sary for early differentiation of osteoblasts.””*'~*’

On the other hand, BMPRIB is a TGF receptor
family of serine/threonine kinases that also may interact
with TGF-B1 cytokine that, similarly to BMP2, also
induces the Runx2 expression. Nevertheless, some
studies have shown that the osteoneogenesis may be
inhibited when either BMP2 — BMPR1B — Runx2 signal
failure or the BMPRIB is trunked or overexpressed,
favoring adipose development,™ while other studies
indicate that the presence of BMPRIB and Runx2
induced by highest levels of TGF-B1 not only increases

bone deposition but also occurs more quickly."?



Thus, based on principle that TGF-B1 influences in
the hematopoiesis, osteogenesis, and adipogenesis,” the
aim of this study was to evaluate the effect of L-PRP on
the calvaria bone repair and compare its results on the
presence of TGF-f1, CD34, CD45, BMP2, BMPR1B, and
Runx2 proteins detected by immunohistochemistry.

MATERIALS AND METHODS

Twenty-three New Zealand female rabbits, ranging in
age from 350 to 370 days and weighing 2.75 to 4.60 kg,
and with no previous disease, were used following a
protocol approved by the Institutional Animal Care and
Use Committee of Positivo University (Curitiba, PR,
Brazil). The rabbits were kept in a room with a con-
trolled temperature (approximately 22°C) and main-
tained under a 12-hour light/dark cycle.

PRP Fabrication and Its Quantification

A 15-ml sample of autologous blood was collected from
each animal through cannulation of the ear vein into a
syringe containing 1.48 ml of 10% sodium citrate. The
blood samples were centrifuged at 200x g for 20
minutes at room temperature to separate the plasma
containing the platelets from the red cells (Beckman
J-6 M Induction Drive Centrifuge; Beckman Instru-
ments Inc., Palo Alto, CA, USA). The plasma fraction
was collected from the top of the supernatant. The
remaining fractions were centrifuged once more at
room temperature for 10 minutes at 400 X g to separate
the platelets. The platelet-poor plasma was removed
from the upper level of the supernatant, leaving the PRP
and bufty coat. Both the PRP (1.0 ml) and the bufty coat
were resuspended and activated with a mixture of 10%
calcium chloride (0.05 ml/ml of PRP). They were then
added to the previously prepared L-PRP and mixed for
approximately 1 minute until they formed a gel.

The platelets and leukocytes on the L-PRP were
measured after centrifugation using a Coulter STKS
hematology-counting machine (Beckman-Coulter,
Chicago, IL, USA). An average of 2.414x10°%
1.547 x 10° platelets/ul was achieved. In addition, the
morphological integrity and concentration of more than
five times enrichment of L-PRP were confirmed, whereas
initial values accounted for approximately 3.014 X
10° £ 1.056 x 10’ platelets/ul. Simultaneously, an average
of 4.383 x10*%0.817 X 10* leukocytes/ul were mea-
sured in the L-PRP, while the initial blood values account
were 9.381 X 10° + 0.108 X 10 leukocytes/pl.
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Surgical Procedure

The rabbits were anesthetized by an intramuscular
injection of xylazine (5 mg/kg) and ketamine (70 mg/
kg). The surgical region was shaved and aseptically pre-
pared, and sterile barriers were created to limit the
surgical area. A 5-cm midline dermo-periosteal incision
was made to expose the calvarial surface. Four circular
artificial defects of 8 mm in diameter X 2 mm in depth
were created with a trephine (Biomedic Research Instru-
ments Inc., Silver Springs, MD, USA) under abundant
saline solution irrigation.

Bone fragments removed from the calvarias defects
were particulated and used for autograft. One defect was
filled with 0.01 ml of autograft (group 1), another was
filled with 0.01 ml of autograft associated with 100 ul of
L-PRP (group II), and a third was filled with 100 ul of
L-PRP alone (group III). The control animals (sham)
underwent the same surgical procedures without the use
of any grafting material (group IV). Soft tissues were
repositioned and sutured to achieve primary closure
(4.0 silk, Ethicon, Sao Paulo, SP, Brazil). Each animal
received a prophylactic intramuscular injection of
24,000 IU of penicillin G benzathine.

Euthanasia Procedure and Tissue Processing

The animals were euthanized by brief exposure in a CO,
chamber until they ceased moving after 2 weeks (eight
animals), 4 weeks (eight animals), and 6 weeks (seven
animals) post-surgery. The skull caps of the animals were
removed in blocks, using an inverted cone bur. Necrop-
sied calvaria specimens were fixed in 10% buffered for-
malin for 48 hours and decalcified in 20% formic acid
and sodium citrate for 7 days. The specimens were
washed with tap water, dehydrated, diafanized, and
embedded in paraffin. Serial sections of 3-um perpen-
diculars to the midsagittal suture were cut from the
center of each defect, using a microtome (RM2155, Leica
Microsystems GmbH, Nussloch, Germany) and stained
with Masson’s trichrome to permit histomorphological
and histomorphometric evaluation.

Immunohistochemistry Processing

Three-micrometer thicknesses of each specimen were
deparaffinized and subjected to antigen retrieval in 1%
trypsin solution (pH 6.8) for 60 minutes at 37°C for the
anti-BMP2, BMPR1B, Runx2, and TGF-B1 antibodies
and in 10 mM citrate solution (pH 6.0) for 45 minutes
in a double-boiler at 95°C for the anti-CD34 and CD45
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antibodies. The slides containing the histological speci-
mens were immersed in 3% hydrogen peroxide for 30
minutes to eliminate endogenous peroxidase activity,
followed by incubation with 1% phosphate-buffered
saline (pH 7.4). The sections were incubated with the
primary antibody anti-TGF-B1 (200 pg/ml, Santa Cruz
Biotechnology Inc., sc 146, CA, USA) with a dilution
factor of 1:200, anti-BMP2 (0.5 mg/ml, Abcam, Cam-
bridge, UK, ab 6285) with a dilution factor of 1:150,
anti-BMPRIB (200 pig/ml, Santa Cruz Biotechnology
Inc., sc 25455) with a dilution factor of 1:300, anti-
Runx2 (100 ug at 1 mg/ml, Abcam, ab 23981, Cam-
bridge, UK) anti-CD34 (0.9 mg/ml Clone QBEnd
10 — DAKO, Glostrup, Denmark) with a dilution factor
of 1:200, and CD45 (1.0 mg/ml, Clone 2D1 — DAKO,
Glostrup, Denmark) diluted 1:250. The labeled strepta-
vidin biotin antibody-binding detection system (Uni-
versal HRP immunostaining kit — Diagnostic Byosystem
Universal HRP Immunostaining Kit, Diagnostic Byosys-
tem, Foster City, CA, USA) was employed to detect the
primary antibodies. The immune reaction was observed
with the diaminobenzidine tetrachloride chromogen
solution (Universal HRP Immunostaining Kit, Diagnos-
tic Byosystem, Foster City, CA, USA), which produced a
brown precipitate at the antigen site. The specimens
were counterstained with Mayer’s hematoxylin. A nega-
tive control was performed for all samples, using rabbit
polyclonal isotype IgG (2 pug/ml, Abcam, ab 27472,
Cambridge, UK) for 10 minutes at room temperature as
a primary antibody. For each specimen, three slides were
utilized for incubation with each antibody.

Image Analysis

The images of both the histological and immunohis-
tochemistry sections were captured by a digital camera
(SDC-310, Samsung, South Korea)
coupled at a light microscope (Zeiss, Germany) with an

Kyungki-Do,

original magnification of x200. Each digital image was
gathered and preserved with 600 dpi resolution, produc-
ing a virtual frame of 117 x 80 cm. Because it was not
possible to capture the entire defect in one image at the
magnification level used, a composite digital image of
the whole defect was then constructed by combining
two smaller images based on histomorphological refer-
ence structures, especially the deposited bone trabeculae
and blood vessels.

All histomorphometric and immunohistochemical
measurements were completed using the software

Image] (National Institute of Health, Bethesda, MD,
USA). An image of 1-mm slide was used to calibrate
all measurements. The histomorphometric data were
counted manually and expressed as areas (mm?). The
perimeters of the deposited histological bone matrix
and each bone marrow areas were carefully traced, all
areas were computed, and their values were trans-
formed into percentages (each area measured/total
area). At the same time, the percentage of positive
CD34 and CD45 cells/mm* was manually counted and
tagged, while the percentage of positivity to BMP2,
BMPRIB, Runx2, and TGF-P1 was accounted by auto-
mation, following the protocol established by Di
Cataldo and colleagues.” This automated counting
allowed counting only the percentage of protein
present in the whole defect; it is not possible to distin-
guish their genuine immunostaining in cells or bone
matrix.

Statistical Analysis

Each parameter was evaluated within the monitoring
period. An analysis of variance was used to determine if
there were significant differences among groups, fol-
lowed by Student—Newman—Keul’s nonparametric test.
A p value of less than .05 was considered to be statisti-
cally significant.

RESULTS
Light Microscopic Analysis

The quantitative data of the histomorphometric analysis
is demonstrated in Figure 1. A brief description of the
microscopic characteristics found among groups is pro-
vided as follows and demonstrated in Figure 2.

Group I (Autograft). On the 2nd week post-operative,
both bone fragments exhibiting basophilic reversal lines
and new bone formation from the autograft bone were
present. In addition, a few granulation tissues were
observed. Some leukocytes and myeloid cells, as well as
adipocytes, were present in the medullary area formed.
On the 4th week post-surgery, a new compact haversian
bone formed was identified. Furthermore, areas com-
posed of scarce fibrous tissue were present, and they
were restricted in both well-formed bone marrow and
periosteum. From the 4th to the 6th post-surgery week,
insignificant changes were noted in both the bone depo-
sition and the medullary area.
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Figure 1 Graphical comparison among the groups analyzed. Graphics A, B, and C give the mean and standard deviation of the
histomorphometric data in percentage. D, E, and F reveal the mean and standard deviation of the immunohistochemistry data in
percentage. Bars followed by the same superscript are statistically similar, p > .05, while Roman numerals correspond each group

(I-1V).

Group IT (L-PRP Mixed with Autograft). On the 2nd
week post-surgery, inserted bone fragments were
detected surrounded by rich mesenchymal cellular
tissue. From the 2nd to the 4th post-surgery week, the
amount of deposited bone matrix increased slightly, and
a substantial quantity of fat cells was found. Interest-
ingly, on the 6th week post-surgery, the amount of both
bone matrix area and adipose tissue was similar to that
found on the 4th week post-surgery.

Group IIT (L-PRP). Histological analysis conducted
after the 2nd post-surgery week revealed intensive
mesenchymal tissue. Discrete immature bone tissue in
the adjacent host bone area located peripherally to the
defect completed the histological frame. On the 4th
post-surgery week, the microscopic analysis revealed an
increase in immature bone tissue located peripherally to
the surgical bed. However, a larger quantity of fibrous
tissue was found on the 4th and 6th week post-surgery.
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Autograft

2 weeks

PRP +Autograft

Figure 2 Histological features of all studied groups in the all time period. Micrographs A, E, and I reveal the histological illustration
of group I (autograft) and demonstrate robust new haversian bone formation (arrows), respectively, on 2nd, 4th, and 6th week
post-operative. The micrographs B, F, and J show the repair in group II (PRP mixed to autograft), respectively, on the 2nd, 4th, and
6th week post-operative. Identify the bone grafted (arrows) and the significant adiposity development (chevron) similarly to
osteoporotic bone. The histological features of the group that received only PRP (group III) are present on the micrographs C, G,
and K, respectively, on the 2nd, 4th, and 6th week. This group reveals intensive fibrosis in all period analyzed (Notched arrow) with
lower bone matrix deposition (arrows). D, H, and L micrographs demonstrate the bone repair in the sham group (control) on the
2nd, 4th, and 6th week post-operative. This group demonstrated a significant haversian bone matrix, especially on the 4th and 6th
week post-surgery (All micrograph stained with Masson’s trichrome, at original magnification x40).

Group IV (Control — Sham). On the 2nd week post-
surgery, the microscopic analysis revealed areas of
granulation tissue composed of collagen and mesen-
chymal cells in the larger part of the defect. Further-
more, there was evidence of newly formed immature
bone that mimicked intramembranous ossification.
Four weeks after surgery, granulation tissue was
detected around a substantial quantity of both mature
and immature haversian bone tissue. From the 4th to
the 6th week post-operative, significant haversian bone
was detected.

Immunohistochemical Results

A percentage of the quantitative data of the immuno-
histochemistry is given in Figurel (p<.05). In
summary, the results can be described as follows.

TGF-B1. On the 2nd week post-surgery, all groups ana-
lyzed demonstrated positivity to TGF-B1, as seen in
Figure 3. In the groups filled with L-PRP (groups II and
III), the immunopositivity was intense and the percent-
age of positivity of TGF-B1 was considerably higher
than in the L-PRP-free groups (Figure 1). On the 4th
and 6th post-operative weeks, the pattern of TGF-f1

expression in group III (only L-PRP) remained similar
to the 2nd week post-surgery, while the percentage of
TGF-B1 decreased significantly in the both L-PRP-free
and L-PRP mixed with autograft groups between the 4th
and the 6th post-surgery weeks.

BMP2. On the 2nd week post-surgery, all groups dem-
onstrated positivity to BMP2 (Figure 4). Furthermore,
the percentage of positivity to BMP2 was markedly
higher in the L-PRP-free group. The highest values of
this protein were observed in the control group and
occupied whole mesenchymal tissue, while in group I
(autograft), the protein was concentrated in the adja-
cencies of the engraft bone. In contrast, in groups
II (L-PRP associated with autograft) and III (only
L-PRP), few cells and matrix exhibited positivity to
BMP2 and they were restricted to adjacencies on the
bone grafted or concentrated peripherally to the host
bone. They were scarce around the artificial defect and
among the grafted bone fragments. A similar pattern
was observed either on the 4th or 6th (Figure 5) week
post-surgery; therefore, their values decreased as soon
as fatty cells, hematopoietic cells, or when the bone
matrix appeared.
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PRP Sham

Autograft

PRP + Autograft

A

Figure 3 The TGF-B1 analysis. The immunoexpression (brownish colored) among the groups analyzed are demonstrated in the
micrographs A to H. Micrographs A to D reveal respectively the presence of the TGF-B1 in the autograft, p-PRP mixed with
autograft and alone and sham groups on 2nd week post-surgery. The immunohistochemistry analysis demonstrates higher presence
to the cytokine in the p-PRP groups (B and C), while in the control and autograft groups, the presence of TGF-B1 is scarce. The
micrographs E, F, and H show the decreased of the immunoexpression to TGF-B1 in the autograft, p-PRP mixed with autograft and
sham group on the 4th week post-surgery, while the expression to the cytokine is significant on the group p-PRP alone on the 6th
week post-operative (G) (magnification x40, except E and F, x100).

BMPRIB. All groups exhibited positivity to BMPRIB in
the earlier period, as seen in Figure 4. On the 2nd post-
surgery week, the expressions were evident in the
L-PRP-free groups, especially in the cellular matrix that
surrounded the bone fragment grafted (group I) or
spread across the artificial defect (group IV). However,

Autograft

BMP 2

BMPR1B

Runx 2

Figure 4 The osteoproteins analysis on 2nd week post-surgery. A to D show the quantities of the presence of the BMP2 in whole

PRP +Autograft

the groups that received L-PRP treatment demonstrated
different results when associated with autograft (group
II) and L-PRP alone (group III). The group that received
only L-PRP (group III) showed scarce positivity to
BMPRI1B among the mesenchymal tissue. On the other
hand, a higher quantity of cells that exhibited positivity

PRP Sham

defect, while E to H and I to L reveal respectively the characteristics of the BMPR1B and Runx2 immunoexpression in each group

(magnification x40, except A, B and E, x100).
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Autograft
BMP 2

BMPR1B

PRP + Autograft PRP

- Z &

Figure 5 The osteoproteins analysis on 6th week post-surgery. A to D show the quantities of the presence of the BMP2 in whole
defect, while E to H and I to L reveal respectively the characteristics of the BMPR1B and Runx2 immunoexpression in each group

(magnification x40, except B and I, x100).

to BMPRI1B were found in group II, and they occupied
the entire defect around the grafted bone fragment. On
the 4th and 6th (Figure 5) week post-surgery, the quan-
tity of BMPRI1B+ cells decreased significantly, while a
fibrotic (group III) or adipose tissues (group II) were
formed in the L-PRP groups. Yet, groups I and II dem-
onstrated positivity to BMPR1B concentrated to bone
matrix deposited.

Runx2. All groups demonstrated positivity to Runx2
protein (Figure 4) on the 2nd week post-surgery. In this
period, the highest quantity of this protein was detected
on group IV (sham) and was present in the whole defect.
The occupancy rates of Runx2 in the autograft (group I)
and PRP associated with autograft (group II) were
similar and occupied the area that surrounded the bone
graft; in contrast, in group III, the positivity to Runx2
occurred in the scarce cells among the mesenchymal
tissue. Furthermore, in all groups, the percentage to
Runx2 decreased significantly on the 4th and 6th
(Figure 5) post-surgery week as soon as bone matrix,
fibrosis, or adipose tissues were formed.

CD34. CD34 cells were present in all groups at 2 weeks
post-surgery (Figure 6A). The L-PRP-treated groups
demonstrated the highest percentage of CD34* cells,
which occupied the entire area between the grafted bone

fragment in group IT and forming spindle cells in fibrous
tissue on group III. The L-PRP-free groups presented a
lower percentage of CD34 cells. They were concentrated
in the mature medullary area and/or expressed in the
endothelial cells. On the 4th and 6th post-operative
weeks, the immunopositivity of the CD34 showed a
similar pattern in all groups, although the ratio of the
positive cells decreased while the fibrosis or fat cells
appeared.

CD45. CD45-positive cells were identified, especially in
groups I, II, and IV (Figure 6B). In the L-PRP-free
groups, they were seen only in the medullary tissue and
in cells that exhibited lymphoid and myeloid morphol-
ogy in all periods analyzed. In contrast, in the group
with L-PRP associated with autograft, a substantial
number of immunostained cells were present, occupy-
ing the entire area surrounding the grafted bone frag-
ment on the 2nd post-operative week. The percentage of
CD45" cells decreased significantly on the 4th and 6th
post-surgery weeks as soon as the bone matrix or
adipose tissues were found.

DISCUSSION

The premise regarding the use of PRP in bone repair is
based on the significant number of platelets that synthe-
sizes a variety of active growth factors in response to
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Figure 6 Micrograph A give the immunohistochemical features of the CD34 in the specimens. Micrograph a and b demonstrate the
immunopositiviy to autograft and sham group on 2nd week post-surgery. The ¢ and d micrograph reveal the immunopositivity of
the CD34 in the autograft mixed o PRP group on 2nd and 6th week post-surgery, respectively, while e and f reveal the CD34+ cells in
the group treated with only PRP on the 2nd and 6th week post-surgery. The micrograph B shows the immunohistochemical features
of the CD45. Micrographs a and b show the immunopositiviy to CD45 in autograft and sham group on 2nd week post-surgery. The
micrograph ¢ and d reveal the immunostain of the CD34 in the autograft mixed to PRP group on the 2nd and 6th week
post-surgery, while E and F reveal the CD45+ cells in the group treated with only PRP on 2nd and 6th week post-surgery

(magnification x40, except Aa and Ba, x100).

indirect collagen interactions at the injured site, regard-
less of whether it is natural or artificial.*>*® These
growth factors can have a major impact on chemotaxy,
proliferation, regulation, and differentiation of mesen-
chymal cells.>®*7*

Despite the fact that activation of these growth
factors by platelets also contribute to osteoneogenesis,
results demonstrating that PRP may increase local bone

133 is in controversy and have not been con-

formation
firmed by other groups.*>*' The lack of agreement about
the positive effect of PRP on osteoneogenesis is related
to the fact that PRP usually is combined with potentially
osteoconductive biomaterials, as, for example, autograft,
obscuring any real effect of PRP.** Also, variations in the
PRP preparations that could alter the platelet quality
and/or quantity would result in differences in the regen-
erative potential of PRP."

In fact, the method of PRP preparation, the activa-
tion of PRP, as well as the amount of the PRP inserted in
the bone defect seem to be important factors that
strongly influence the results of the bone repair and help
to explain differences in the results in osteogenesis
induced by PRP.

An issue that should be taken into consideration in
the variation in the PRP preparation is the possible pres-
ence or variation of the amount of leukocytes.'* There is
evidence in the literature to suggest that these white
blood cells in PRP may be beneficial in healing. In con-
trast, there is also evidence to suggest that the presence
of leukocytes in PRP will lead to increased inflammation
and localized fibrosis.*’ The possible negative effect trig-
gered by leukocytes comes from the hypothesis that
these white cells liberate proteases that could either
reduce the concentrations of growth factors, as occurs in
the usual granulation tissue, or increase the potential of
growth factors, producing an unfavorable response of
fibrosis, similarly to fibrotic disorders.***

Based on these hypotheses, herein, we studied the
microscopic effect of L-PRP alone and mixed to bone
autograft in a similar proportion that is considered as
an optimal ratio established in the study performed by
Nagata and colleagues.*®* To minimize the variation of
our results, the activation of the L-PRP was performed
similarly to other papers described in the literature,
that is, using 0.05 ml of 10% calcium chloride/ml of
PRP.46,47
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Nevertheless, the microscopic results presented in
this study did not reveal beneficial effects of L-PRP
(alone and associated with autograft) on bone forma-
tion. Rabbits treated with L-PRP revealed reduced bone
matrix deposition and enlarged medullary areas. These
findings coincided especially with expressive immu-
nopositivity of TGF-B1 both in cells and extracellular
matrix that occupied the entire defect. These results did
not corroborate the findings reported by Marx,"” who
demonstrated the expression of TGF-B1 only in bone
matrix and surrounding the blood vessel.

Thus, our results indicated that the intense expres-
sion of TGF-B1 in the groups with L-PRP might have
contributed to the impairment of the usual craniofacial
bone repair.

To recognize the effect of the bone repair that
occurred in the L-PRP group, it is necessary to interpret
the results that were found in groups I (autograft) and
IV (sham). In these groups, we observed the presence of
CD34 and CD45 isolated in all time periods. The CD34*
cells were primarily concentrated in the endothelium
that surrounded vascular tissue and/or spread across the
medullary area. The CD45" cells were identified in spe-
cific loci that coincided with apparent mature myeloid
and lymphoid cell lineage (Figure 4), suggesting a rapid
cellular maturation.***

At the same time, groups I and IV also demon-
strated a robust bone matrix deposition. These results
were consistent with the elevated percentage of BMP2
protein, concomitant to significant BMPR1B and Runx2
expressions, while the expression of the TGF-B1 was
scarce at all time periods analyzed. Thus, these findings
together support the hypothesis that bone repair might
have occurred through the BMP2 signaling, where the
association between this morphogenetic protein and its
receptor IB may propagate signals and induce osteoblas-
tic maturation via Runx2. The consequence of these
pathways is osteoblastic differentiation and the presence
of matrix minerals deposited similarly to typical calva-
rias bone repair.**!

In contrast, the groups filled with L-PRP demon-
strated a lower bone matrix deposited and enlargement
of the medullary area, which also mimicked a pathologi-
cal phenotype. Peculiarly, the medullary area formed on
the L-PRP groups demonstrated different histopheno-
types and also showed different proteins to calvaria bone
repair treated with only L-PRP when compared to
L-PRP mixed with autograft.

We identified on the rabbit calvaria treated only
with L-PRP (group III) prevalence to TGF-B1 expres-
sion among cells that presented spindle morphology on
the 2nd post-surgery week. In addition, the majority
cells of were shown to be CD34*CD45 phenotype, and
they were interpreted as multipotent stem cells. These
results together suggest that the L-PRP alone does not
induce an osteoconductor effect because it occurred in
the absence of significant presence of BMP2, but also
promoted the chemotaxis of multipotent hematopoietic
stem cell lineage in the earliest period of repair.>*>** So,
in thesis, these CD34*CD45 may have the capacity to
differentiate into any tissue, but in this study, these cells
failed in the bone development associated with lack of
the immunopositivity to BMP2. Thus, the reparative
frame produced herein coincided with fibrosis, pre-
sented on the 4th and 6th post-surgery weeks, on the
marked presence of the TGF-B1 protein in all time
periods.

The fibrotic frame induced by L-PRP was consistent
with the findings of previous studies.”*> Two different
hypotheses should be taken into consideration when
attempting to explain the results of this study. The first
hypothesis involves possible platelet—collagen interac-
tions mimicking a thrombogenic-like effect, given
that the activated platelets contain specific sites for
different types of collagen interaction in its cellular
membrane®® and also express TGF-B1. This hypoth-
esis was suggested recently by our group,'* who noted a
similar ratio between collagens I and III on the defect
treated with PRP in rabbit calvarias. Thus, the excess of
collagen IIT was highlighted as the fundamental issue
that contributed to a decrease of the bone matrix depos-
ited when PRP was used, given that collagen IIT is found
only at the endosteal surface of bone but never within
the bone matrix or surrounding or supporting the adhe-
sion of bone cells.”!

A second hypothesis that may help to explain the
fibrotic process when PRP is used involves the persistent
presence of TGF-B1 at the injury sites, given that this
growth factor is also a fibrogenic cytokine.®** Based on
this hypothesis, Giovanini and colleagues® studied the
craniofacial bone repair associated with PRP and found
a close relationship among the higher quantities of the
TGF-B (=18x higher in the PRP group), the largest pres-
ence of collagen III, and the greater number of myofi-
broblasts present in all time periods analyzed. The
authors indicated that these three factors acting together



would produce a feedforward event that led to a mecha-
nism coordinated by TGF-B which might promote and
maintain myofibroblast differentiation during the same
time that pathological fibrosis were built.

On other hand, in the defects treated with L-PRP
mixed with autograft (group II), we identified scarce
expression of the BMP2 concentrated to bone fragment
engrafted adjacencies, and a higher quantity of the cells
that expressed positivity to concomitant BMPRI1B,
Runx2, and TGF-B1 especially in the earlier stages of the
repair. Moreover, at the same time, these cells also exhib-
ited CD34*CD45"~ immunophenotype.

Intriguingly, the simultaneous presence of the
BMPRI1B" Runx2* and CD34'CD45"" proteins is an
uncommon finding because BMPRIB and Runx2
expressions are not present in either hematopoietic stem
cells or differentiated hematopoietic cells.”® Also, these
clusters of differentiation expressed simultaneously are
restricted to hematopoietic stem cell lineage.

The interpretation of these results suggest that, in
fact, L-PRP may increase the number of osteoprogenitor
cells (BMPRI1B* and Runx2* lineage) when associated
with bone fragments as a scaffold and in the presence of
the TGF-B1 in the early period of repair. However, the
L-PRP also hindered the final stages of bone develop-
ment, as evidenced herein by the failure in the bone
matrix deposited even in the presence of Runx2.

A likely explanation for these results could be an
antagonism expression between TGF-B1 and BMP2 on
the critical stage of the repair (2nd week). Consistent
with this hypothesis, Spinella-Jaegle and colleagues®’
reported that TGF-B1 and BMP2 did not seem to have
the same biological activities in cells of the osteoblastic
lineage. Furthermore, they found that their effects on
osteoblastic cell differentiation and maturation differed
substantially. In contrast, BMP2 induced the differen-
tiation of stem cells toward the osteoblastic lineage;
TGF-PB opposed the effect of BMPs on osteoblastic cell
maturation, thus hindering the terminal osteoblast
differentiation.

It is important to highlight the fact that BMP2 as
well as TGF-B1 even induces Runx2 expression via
BMPRI1B. Nevertheless, the findings published by Kang
and colleagues® demonstrated that, differently from
BMP2, the TGF-B1 suppresses the protein osteogenic
function of Runx2, preventing the production of alka-
line phosphatase and impairing the production of bone
tissue.
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Thus, these hypotheses together may be built in our
study, since we found intense TGF-f1*, concomitant to
BMPRI1B" and Runx2", and lack of BMP2 simultaneously
to the absence of robust bone matrix deposition.

Moreover, another important result in this study
involved the simultaneous expression between TGF1*
BMPRIB* Runx2" and both CD34*CD45"" lineages,
especially on the 2nd week post-surgery, associated with
adipose tissue development in the defect treated with
L-PRP associated with autograft on the 4th and 6th
weeks post-surgery. Based on these results (immunohis-
tochemical and histological), we suggested that the
fat cell development might have occurred by cellular
transdifferentiation from osteolineage cells (Runx2+)
through hematopoietic stem cell interconversion
(CD34"CD45%"),!51%% producing a bone phenotype
similarly to osteoporosis (Figure 1). This hypothesis is
supported by the findings published by Chen and col-
leagues® and Wan and colleagues,” who demonstrated
in vitro that overexpression signaling through BMPR1B
associated with the absence of BMP2 in osteoblastic
lineage not only dramatically impaired the osteoneogen-
esis but also contributed to adipocytes differentiation, a
fact that may be also correlated with the decrease of
TGF-B1, which is a natural adipose inhibitor.”

However, it is necessary to point out that this study
has some limitations. First, the initial analysis was com-
pleted after only 2 weeks; therefore, no conclusions
regarding the immediate effects of L-PRP can be drawn.
Second, immunohistochemistry staining only identifies
the presence or absence of proteins, regardless of the
time at which they were expressed and the effectiveness
of the differentiation process.”’ Third, the bone repair
associated with BMP2 and BMPRI1B is a usual pathway
to craniofacial repair and our results could not be
applied to appendicular or axial bone repair, given that
they express different proteins and are derived from
distinct embryological sources.”””” Nevertheless, the
present data may contribute to the discussion about the
clinical use of L-PRP.

CONCLUSION

Based on the results of this study, it can be concluded
that the use of L-PRP enriched 5x may hinder bone
matrix development since the BMP2 expression in the
specimens treated with L-PRP was scarce. In addition,
the use of L-PRP also induced a medullary pathological
phenotype distinct when used alone or mixed with
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autograft. When used alone, the L-PRP induced fibrosis
connected with intense positivity to TGF-BI in all time
periods analyzed. On other hand, when L-PRP was
mixed to autograft, it induced the presence of the osteo-
lineage cells (BMPR1B+ Runx2+), but also inhibited the
terminal osteoblastic maturation associated with the
lack of BMP2 and the presence of TGF-f 1+, facts that
contributed to cellular transdifferentiation into fat cells.
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