Novel method of determining the periodontal regenerative capacity
of T-PRF and L-PRF: An immunohistochemical study
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Abstract

Background. Platelet-rich fibrin (PRF) plays an important role in the regeneration of the lost periodontal
tissues. Immunohistochemistry (IHC) is the most sensitive staining technique for the identification and
localization of specific cells. There are few studies in the available literature which use IHC to compare PRF
prepared from titanium and silica glass tubes.

Objectives. The aim of the study was to use IHC to evaluate and compare cells present in the PRF mem-
brane prepared from titanium and silica glass tubes.

Material and methods. Blood was drawn from 10 healthy volunteers and PRF was prepared from ti-
tanium and silica glass tubes. Inmunohistochemical staining for the localization, distribution and pattern
of cells present in PRF with the (D 3, (D 15, (D 20, (D 34, (D 61, and (D 163 antibodies was carried out.
A statistical analysis including the y test, independent t-test and unpaired t-test was performed to deter-
mine significant differences.

Results. There were significantly more T cells, B-lymphocytes and platelets, with a strongly positive stain-
ing in terms of the cell distribution and the labeling index in the T-PRF group in comparison with the L-PRF
group. However, in terms of localization, a stronger positive staining was obtained with platelets in the
T-PRF group and stem cells in the L-PRF group. In terms of the cell pattern, a significantly stronger positive
staining was obtained by neutrophils in the L-PRF group and B-lymphocytes in the T-PRF group.

Conclusions. Titanium PRF has the edge over PRF prepared from silica glass tubes, and emerged as
a better alternative for use in the field of periodontal regeneration.
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Introduction

The regeneration of the periodontium means restor-
ing the lost form and function of tissues so that they re-
semble the previously existing ones.! Various researchers
have conducted studies on achieving regeneration with
the help of different biomaterials.2 The use of autologous
blood products started with fibrin glue as an alterna-
tive for sutures, followed by platelet-rich plasma (PRP),
in which platelets, growth factors, fibrin, and leucocytes
are gathered in a gel that resembles an engineered tissue,
and added a new dimension to regenerative medicine.?
Due to concerns about antigenicity, a lengthy proto-
col and the inability of these products to deliver steady
amounts of growth factors, leucocyte- and platelet-rich
fibrin (L-PRF) was introduced by Choukroun et al.*
This preparation did not require anticoagulants and was
easily prepared by taking 10 mL of blood and centrifug-
ing it at 2,800 rpm for 12 min.> Studies such as those by
Agarwal et al.® and Pradeep et al.” used L-PRF as an ad-
junct to other biomaterials, such as a demineralized
freeze-dried bone allograft (DFDBA) and 1% metformin,
in the treatment of intrabony defects; they reported im-
provements in clinical parameters, such as a decreased
pocket depth, clinical attachment level gain and increased
bone fill, thus contributing to periodontal regeneration.
These results were supported by a systematic review con-
ducted by Verma et al. in 2017, in which L-PRF used as
an adjunct to biomaterials yielded promising results.®

Later, to increase the number and variety of cells that get
entrapped within the fibrin meshwork, researchers deve-
loped a low-speed centrifugation concept (1,500 rpm for
14 min), which led to the development of advanced platelet-
rich fibrin (A-PRF).° These PRF membranes release growth
factors at a constant rate, act as a good scaffold for cellular
attachment and resorb within 7-11 days.!° Still, this dura-
tion is not long enough to stimulate osteoblast cells for al-
veolar bone formation. Due to the prevailing controversies
regarding the contamination and adverse effects of silica
in either the short or long term, as O’Connell speculated,!!
there was again a search for a better biomaterial. During
this process, titanium has attracted researchers’ atten-
tion due to its hemocompatibility, the platelet-activating
nature similar to that of silica and its extensive use in the
medical field. The drawbacks of L-PRF and the advan-
tages of titanium have led to the introduction of titanium
tube-prepared platelet-rich fibrin (T-PRF) by Tunal et al.'?
The preparation is similar to that of L-PRF, but medical-
grade titanium tubes are used instead of glass tubes. The
membranes are formed by centrifuging 10 mL of blood for
a period of 15 min at 3,500 rpm.'? In T-PREF, titanium diox-
ide (TiO,) that is present on the inner surface of the tubes
helps to activate platelets, which results in the formation
of T-PRE. The studies conducted on rabbits revealed that
T-PRF stayed at the surgical site for a period of 21 days,
which was the key to periodontal tissue regeneration.'?
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Due to some constraints, such as a lack of surgical re-
entry, studying cellular distribution in the sections of the PRF
membranes could play an important role in determining
the activity of cells, leading to periodontal regeneration.!*
As PRF is prepared from human blood, it contains various
types of cells: T- and B-lymphocytes, monocytes, neutro-
phils, platelets, and stem/progenitor cells.”® An in vitro
study by He et al. showed that rat osteoblasts could differ-
entiate and proliferate when placed in PRF; these changes
were investigated at different time points with regard to
the release of transforming growth factor f (TGF-B) and
platelet-derived growth factor AB (PDGEF-AB) as well as
the activity of alkaline phosphatase (ALP).!® Other stu-
dies revealed the proliferation of gingival fibroblasts, pre-
adipocytes, dental pulp stem cells, and osteoblasts in PRE.!”
In their clinical applicability study, Mazor et al. detected
bone-forming potential at the implantation sites 6 months
after using PRF as a grafting material.'®

Immunohistochemistry (IHC) plays an important role in
identifying cells with their distribution in tissue, and is widely
used in various fields of medicine and dentistry for estab-
lishing the final diagnosis.” It utilizes antibody markers in
the form of proteins for identifying various specific cells. The
presence of various types of cells in the PRF membrane helps
to stimulate macrophages present at the tissue site, which in
turn encourages periodontal healing and regeneration.” To
our knowledge, no study has been conducted to compare
T-PRF and L-PRF using IHC staining. Hence, the present
study was aimed to evaluate and compare the distribution,
staining pattern and labeling index percentage of cells pre-
sent in T-PRF and L-PRF with IHC markers.

Material and methods

The study involved 10 systemically healthy volunteers
(5 males and 5 females), ranging in age from 18 to 26 years,
who had all given informed consent. None of them were
smokers or taking any medications that would affect the
functioning of platelets, other blood cells or their relative
counts. Pregnant and lactating females, subjects who had
any systemic diseases or who had undergone any sort of peri-
odontal treatment within the previous 6 months were ex-
cluded. The study was performed after obtaining approval
from the ethics committee of the Institute of Dental Scien-
ces in Bareilly, India. The sample collection was carried
out in the same Institute’s Department of Periodontology
and Implantology, whereas the histopathological and IHC
analyses of the slides were done in the Department of Oral
and Maxillofacial Pathology and Microbiology therein.

Procedure

We drew 20 mL of whole blood from the antecubital vein;
from this, 10 mL was transferred into sterile medical glass
test tubes (Borosil Glass Works Ltd., New Delhi, India)
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and 10 mL into medical-grade titanium tubes (Supra Al-
loys, Camarillo, USA). These tubes were immediately sub-
jected to centrifugation in an R-8C centrifuge (Remi, New
Delhi, India) using Choukroun’s protocol* and Tunal’s pro-
tocol!? to obtain L-PRF from sterile medical glass test tubes
and T-PRF from titanium tubes, respectively (Table 1).
No adverse centrifugation rates were applied to any of the
tubes. Later, the clots were placed in 10% formalin solution
for fixation for up to 24 h to preserve the structure and pre-
vent autolysis. Then, the samples were routinely processed
as per the protocol of Bankroft et al.,° and were subjected
to IHC staining with various monoclonal mouse/rabbit
anti-human antibodies (Table 2) according to the protocol
described by Ghanaati et al.’

Immunohistochemical staining procedure

Initially, blocks of a 4-micrometer uniform thickness were
sectioned using a microtome. The sections were then de-
paraffinized by heating at 55-65°C, followed by immersion
in xylene for residual deparaffinization in order to prepare
the sections for staining. Subsequently, each section was
immersed in proteinase K solution for 15 min for antigen
retrieval and washed in phosphate buffer saline (PBS) for
3 min. Then, 3% hydrogen peroxide was used in 2 incuba-
tions to block peroxidase, followed by washing in distilled
water. A 2-hour protein block (0.05% bovine serum albumin
(BSA) in PBS) application was carried out. The slides were
then washed in distilled water, followed by PBS rinses for
the application of the primary antibodies — CD-3, CD-15,
CD-20, CD-34, and CD-61 from Dako Denmark A/S
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(Glostrup, Denmark) and CD-163 from PathnSitu Biotech-
nologies Pvt Ltd. (Hyderabad, India). After 2 h, excessive
antibodies were removed by repeated washing in PBS and
diaminobenzidine (DAB) was applied for 15 min. Then,
a horseradish peroxidase (HRP) conjugate was applied for
15 min, followed by washing in PBS and incubation for
10 min. Later, the slides were washed in distilled water and
counter-staining was done with Mayer’s hematoxylin for
10 min. This was followed by washing under running water,
and dehydration using 95% alcohol for 10 s, absolute alcohol
3 times for 10 s, and finally 3 xylol dips (10 s each). Then,
the slides were mounted with coverslips using a mounting
medium and dried for a microscopic examination (Fig. 1,2).

Table 1. Protocols used for preparing leucocyte- and platelet-rich fibrin (L-PRF)
and titanium platelet-rich fibrin (T-PRF)

Biomaterial
L-PRF (Choukroun’s protocol)* 2,800 12
T-PRF (Tunali's M protocol)'? 3,500 15

Table 2. List of anti-human antibodies used in the study

Antibody Identification

CD-3 T-lymphocytes

CD-15 neutrophils

CD-20 B-lymphocytes

CD-34 stem/progenitor cells
CD-61 platelets (platelet glycoprotein Ila)
CD-163 monocytes

Fig. 1. Immunohistochemical images of the CD-3 (A,B), CD-15 (C,D) and CD-61 (E,F) antibody markers for both the T-PRF and L-PRF groups

Yellow arrows indicate the stained cells.
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Fig. 2. Immunohistochemical images of the CD-163 (A,B), CD-34 (C,D) and CD-20 (E,F) antibody markers for both the T-PRF and L-PRF groups
Yellow arrows indicate the stained cells.

Histological examination

In order to minimize inter-examiner variability, all
slides were examined by 2 experienced pathologists until
consensus was reached. The fields of interest were ana-
lyzed in terms of:

— the localization of staining — whether it was cytoplas-
mic and/or nucleus;
— cellular distribution, as mildly positive (0-25%), mode-

rately positive (26—75%) or strongly positive (76—100%);

Table 3. Frequency distribution of the immunohistochemical (IHC) markers
in terms of the localization of cell staining

Study Cytoplasm Nucleus .

IHC marker - n (%) n (%) p-value

: L-PRF 8(80) 2(20)
CD-3 0075
(T-lymphocytes)  T.pre 9(90) 1(10)
CD-15 L-PRF 9(90) 1(10) 0075
(neutrophils) T-PRF 8 (80) 200 '
CD-20 L-PRF 8(80) 2(20) 0075
(B-lymphocytes)  T.ppr 9(90) 1(10) '

. L-PRF 10 (100) 0(0)
CD-34 <0.001*
(stem cells) T-PRF 6 (60) 4 (40)
D61 L-PRF 6 (60) 4(40) 0003
(platelets) T-PRF 8(80) 20 '
CD-163 L-PRF 9(90) 1(10) 0075
(monocytes) T-PRF 8 (80) 2(20) .

* statistically significant.

it

— the cellular pattern — independent or clustered;
— the labeling index percentage,? calculated as the total
number of stained cells / 500 x 100.

Statistical analysis

All the data from the slides was tabulated using the
Microsoft Excel® software (Microsoft Corporation,
Redmond, USA), whereas the analysis was performed
using the IBM SPSS Statistics for Windows v. 22 soft-
ware (IBM Corp., Armonk, USA). The x? test was per-
formed to find any correlation between L-PRF and
T-PRF in terms of localization, cellular distribution,
the positivity of staining, and the cellular pattern. The
independent ¢-test was performed for the evaluation
of the positively stained cells and the labeling index
percentage.

Results

Regarding the localization of staining in both the L-PRF
and T-PRF groups, all IHC markers showed predominant
cytoplasmic staining when compared to the nucleus. The
results were statistically significant for the CD-61 marker
(p = 0.003) for platelets in the T-PRF group and for the
CD-34 marker (p < 0.001) for stem cells in the L-PRF
group. The rest of the markers showed nonsignificant re-
sults (Table 3).
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In terms of cellular distribution, T-PRF showed
a stronger positivity than L-PRF for the CD-3, CD-20
and CD-61 markers; the difference was statistically
significant (p < 0.001). The staining of the CD-15 and
CD-163 markers was moderately positive, and CD-34
showed mildly positive cells in both the L-PRF and
T-PRF groups, but the results were not statistically
significant (Table 4).

Regarding the cellular patterns, all antibody markers
in both the T-PRF and L-PRF groups showed predomi-
nantly clustered rather than independent patterns,
but the values were statistically significant (p < 0.001)

Table 4. Cellular distribution shown with the IHC markers

Cell distribution

only for CD-15 (an independent pattern) in the L-PRF
group and for CD-20 (a clustered pattern) in the
T-PRF group (Table 5). The mean (M) and standard
deviation (SD) values of the positively stained cells in
the T-PRF and L-PRF groups were statistically signifi-
cant (p = 0.000) for the CD-3, CD-20 and CD-61 anti-
bodies (Table 6). The mean labeling index percentage
values for all markers were higher for the T-PRF group
than for the L-PRF group, but the only statistically sig-
nificant differences (p < 0.001) were obtained for the
CD-3, CD-20 and CD-61 markers (Table 7).

Table 6. Mean (M) and standard deviation (SD) values of the positively
stained cells

n (%)
IHC marker mildly [ moderately | strongly
positive positive positive
(0-25%) | (26-75%) |(76-100%)
D3 L-PRF 5 (50) 5(50) 0(0)
<0.001*
(T-ymphocytes)  T-pRr 0(0) 0(0) 10 (100)
_ L-PRF 0(0) 10 (100) 0(0)
oSl 0.0849
(neutrophils) T-PRF 0(0) 10 (100) 0(0)
CD-20 L-PRF 0 (0) 10 (100) 0(0)
<0.001*
(B-lymphocytes)  T-pRr 0(0) 0(0) 10 (100)
CD-34 L-PRF  10(100)  0(0) 0(0) © 000
(stem cells) T-PRF  10(100)  0(0) 0(0) '
y L-PRF 0(0) 10 (100) 0(0)
D61 <0.001*
(platelets) T-PRF 0(0) 0(0) 10 (100)
CD-163 L-PRF 0(0) 10 (100) 0(0) 0o
(monocytes) T-PRF 0(0) 10 (100) 0(0) '

* statistically significant.

IHC marker Sy Bl M £SD p-value
group N

D3 L-PRF 10 211.70 £69.32 0075
(T-lymphocytes)  1-prr 10 392,40 +8.69 '
CD-15 L-PRF 10 234,50 +41.33 007
(neutrophils) T-PRF 10 272.00 +50.23 '
D20 L-PRF 10 231.00 £65.61 0075
(B-lymphocytes)  T-pRr 10 39230 +8.78 '

N L-PRF 10 99.90 +12.91
D= <0.001%
(stem cells) T-PRF 10 9630 £15.96
D61 L-PRF 10 309.60 £31.17 0005
(platelets) T-PRF 10 39040 +19.11 '
CD-163 L-PRF 10 251.50 +83.37 007s
(monocytes) T-PRF 10 292,50 £62.10 '

* statistically significant.

Table 5. Cell patterns shown with the IHC markers

Table 7. Mean (M) and standard deviation (SD) values of the labeling index
percentage of the positively stained cells

Cell pattern

IHC marker n (%)

D3 L-PRF 2(20) 8(80) 0862
(Tlymphocytes)  T-pRr 2(20) 8 (80) '

; L-PRF 8(80) 2(20)
15 <0.001*
(neutrophils) T-PRF 3 (30) 7 (70)

i L-PRF 3(30) 7(70)
CD-20 <0.001*
(B-lymphocytes)  T.prf 1(10) 9(90)
CD-34 L-PRF 4 (40) 6 (60) 0182
(stem cells) T-PRF 3(30) 7 (70) .
CD-61 L-PRF 4 (40) 6 (60) 0182
(platelets) T-PRF 3(30) 7(70) '
CD-163 L-PRF 3(30) 7 (70) 0142
(monocytes) T-PRF 2 (20) 8(80) .

Labeling index

IHC marker percentage [%]
M+SD

. L-PRF 10 4438 £13.02
cb-3 <0.001*
(T-lymphocytes)  T-pRr 10 7848 +1.74
cD-15 L-PRF 10 46.89 +8.77 010
(neutrophils) T-PRF 10 54.40 +10.05 '
CD-20 L-PRF 10 4544 +13.68

<0.001*

(B-lymphocytes)  T-prr 10 7846 +1.76
CD-34 L-PRF 10 19.76 +2.63 o
(stem cells) T-PRF 10 1926 +3.19 '

’ L-PRF 10 60.80 =544
CD-61 <0.001*
(platelets) T-PRF 10 78.08 +3.82
CD-163 L-PRF 10 4789 +15.73 o1
(monocytes) T-PRF 10 5850 +12.42 '

* statistically significant.

* statistically significant.
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Discussion

Tissue engineering plays an important role in predict-
able periodontal regeneration procedures® The PRF
membranes act as scaffolds for enmeshing various cells,
including white blood cells, platelets, progenitor cells, and
red blood cells, which release many growth factors and
cytokines that create a transient inflammatory condition,
inducing the formation of new periodontal tissues.???
The PRF clots are autologous substances and do not re-
quire any additional anticoagulants for their preparation;
they are easy to use and can be prepared at chairside in
minimal time, so they can yield good results when used
in combination with various biomaterials.? In the present
study, as standard protocols were followed during the
preparation of the L-PRF and T-PRF clots, the centrifuga-
tion rates were normal and the obtained clots had a ma-
ture fibrin meshwork.

In the present study, the maximum cell staining oc-
curred in the cytoplasm rather than in the nucleus in
both study groups. This was in accordance with the study
conducted by Ghanaati et al.’ It means a higher number
of active cells, which could possibly lead to an increased
release of growth factors and cytokines, resulting in the
stimulation of cells to produce new periodontal tissues.
In the present study, cellular distribution showed a sig-
nificant 76—-100% staining of T-lymphocytes, B-lympho-
cytes and platelets in the T-PRF group, whereas in both
groups, a nonsignificant distribution of 26-75% staining
was observed for neutrophils and monocytes, and 0-25%
for stem cells. However, a study by Ghanaati et al. showed
mixed cellular distribution, in which the maximum
T-lymphocyte distribution was in the buffy coat, neutro-
phils covered 2/3 of the entire surface of the clot, platelets
were distributed throughout the clot, and the rest of the
cells covered <30% of the entire surface of the clot in both
the A-PRF and L-PRF groups.” These variations in the
localization of cell staining and in cellular distribution
might be due to differences in the sedimentation rates, in
the density, size and shape of the cells, and in centrifuga-
tion conditions.

In the present study, all cellular markers in both groups
showed a predominantly clustered pattern, but the only
statistically significant differences were noted among
neutrophils and B-lymphocytes. This was in accordance
with Tunali et al., who stated that even though L-PRF and
T-PRF shared a similar structure, a thicker fibrin mesh
was found in T-PRF, which entrapped a greater number
of cells in the fibrin clot.!? This might be due to an in-
creased centrifugation time and a better hemocompa-
tibility of titanium, which led to the formation of a thicker
fibrin mesh than in the L-PRF group and triggered more
cells to accumulate in the fibrin mesh.

In the present study, platelets were significantly higher
in the T-PRF group than in the L-PRF group in most re-
spects, such as the localization of staining, cellular distri-
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bution, the mean cell count, and the labeling index per-
centage, whereas the values regarding the cell pattern were
nonsignificant in both groups; still, the platelets were dis-
tributed on the entire surface of the clot. This is in accor-
dance with Ghanaati et al., where platelets were also dis-
tributed on the entire surface of the clot.® This might be
due to a low centrifugation speed over an extended time.
Still, in the present study, apart from an extended centrifu-
gation time, an increased entrapment of platelets in the
fibrin mesh might be due to a better activation of plate-
lets by TiO, passivated within titanium tubes, as stated by
Tunali et al.!? Platelets play an important role in the stimu-
lation of the adjacent cells, such as neutrophils/monocytes
and other cells, by altering the immune response, and
releasing various cytokines, growth factors® and adhe-
sion molecules (vitronectin, fibronectin, P-selectin and
von Willebrand’s factor?). These stimulate adjacent pro-
genitor cells, thus releasing bone morphogenetic proteins
and helping in new bone formation and healing.?

In their recent study, Choukroun and Ghanaati postu-
lated that low-speed centrifugation increases the number
of neutrophils, platelets and growth factors in injectable
PRF.26 While counting neutrophils and platelets, they ob-
served higher counts of cells with a lower relative centri-
fugal force.? In contrast, the present study used a stan-
dard number of rotations per minute and an extended
centrifugation time, but the results were better than those
reported by Choukroun and Ghanaati, and showed non-
significantly higher neutrophil counts for the mean cell
count and the labeling index percentage in the T-PRF
group than in the L-PRF group, whereas both groups
showed similar cell distribution. The presence of neutro-
phils in PRF helps to prevent the clot contamination from
bacteria and stimulates the adjacent cells at the surgical
site by releasing cytokines, which are important in the re-
generation of periodontal tissues.

Monocytes are cells that act as the second line of de-
fense after neutrophils; they are chemotactically drawn
to the site of inflammation and transform themselves
into tissue histiocytes to regulate their phagocytic acti-
vity.?” They secrete several growth factors, cause changes
in angiogenesis, bone formation and tissue response, and
guide regeneration and cell proliferation, necessary for
rapid wound repair, healing and scar formation. They also
contribute to the stimulation of lymphocytes, which help
in periodontal regeneration.?8-30

B-lymphocytes are the 2™ type of lymphocytes that
act as powerful modulators of tissue regeneration. They
also modulate the immune response by converting into
plasma cells and presenting antigens to T cells. These
help in regeneration by releasing pro- and anti-inflamma-
tory cytokines.?! Boyce et al. demonstrated that initially
B-lymphocytes were not identified, as they accumulate
gradually during the natural healing process, but with
ongoing research they identified B-lymphocytes on the
5% day of the healing process.?> Boyce et al. posited that
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with increased B-lymphocyte counts there is an increased
secretion of interleukin 6, promoting wound healing and
periodontal regeneration.?

In the present study, significantly higher mean cell
counts and labeling index percentage values were ob-
served for T-lymphocytes, B-lymphocytes and platelets
in the T-PRF group. This was in agreement with a pre-
vious histochemical study conducted by Chatterjee et al.,
who concluded that T-PRF had a better fibrin mesh,
which contributed to a better cellular entrapment with
higher cell counts.?® The present study is also compatible
with a study conducted by Mitra et al., who concluded
that T-PRF had a denser fibrin mesh and cellularity than
L-PRE3* On the other hand, contrasting results were re-
ported by Yajamanya et al., who concluded that L-PRF
had a thicker fibrin mesh with good cellular entrapment
in young individuals as opposed to elderly subjects.?®

In the present study, the cell distribution (mild posi-
tivity), mean cell count and labeling index of stem cells
showed no significant differences between the L-PRF and
T-PRF groups. This was in accordance with a study con-
ducted by Ghanaati et al., in which stem cells covered no
more than 30% of the clot surface.® In the present study,
stem cells were obtained from the blood clot, and hence
were thought to be of hematopoietic origin. Ogawa et al.
stated that hematopoietic stem cells are pluripotent in na-
ture and can differentiate into most types of cells.3® Thus,
they are unique assets of PRF, differentiating into various
types of cells depending on requirements, such as the re-
generation of bone, periodontal ligament or cementum
at the site of interest, making them good candidates for
therapeutic vehicles. They also have effects as immune
modulators.?’-3?

Conclusions

To our knowledge, this study was the first to compare
the labeling index percentage of T-PRF and L-PRF using
IHC markers.

The limitations of the study might be the small sample
size, and the costs of titanium tubes and the antibody
markers used. In addition, we did not assess the variations
in centrifugation speed and duration. However, within the
limitations of this study, it can be concluded that T-PRF
has a significantly better cellular distribution for T-lym-
phocytes, B-lymphocytes, platelets, neutrophils, and
monocytes than L-PRFE. Due to this extra edge of T-PRE,
it emerged as a novel entity, and can be used as a better
alternative to L-PRF in the field of periodontal regenera-
tion. However, progenitor cells, which are required for the
formation of new periodontal tissues from differentiated
cells, are present in very similar quanitites in both T-PRF
and L-PRF. Further interventional studies with long-term
follow-ups are required to determine the extent of peri-
odontal regeneration.
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