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Abstract

Guided Bone Regeneration (GBR) for alveolar bone augmentation requires combination of
bone graft and tissue barrier in the form of biodegradable membrane. Bovine pericardium collagen
membrane (BPCM) is the most commonly used resorbable membrane. Demineralized freeze dried
bovine cortical bone membrane (DFDBCBM) was known to undergo faster biodegradation
compared to BPCM. The study attempts to reveal the mechanism of DFDBCBM degradation by
analyzing Tumor Necrosis Factor-Alpha (TNF-) and Matrix Metalloproteinase — 13 (MMP-13)
expression after implantation of DFDBCBM and BPCM in rat’'s dorsum.

This experimental study used 60 male rat's which are divided into 2 groups. Subcutaneous
implantation of DFDBCBM were done in the first group, while BPCM implanted in the control group.
On day 2, 5, 7, 14, 21 and 28 post implantation five rats were sacrificed from each group for
immunohistochemistry staining to analyze TNF-o and MMP-13 expression. Comparative and
correlation study were done to analyze the two parameters.

There was no significant differences in TNF-a and MMP-13 expression between the two groups
over all observation periods. However, no correlation was found between TNF-a and MMP-13
expression in both groups.

The implantation of DFDBCBM does not induce excessive inflammatory response and it
undergoes comparable biodegradation process with BPCM until 28 days post implantation. The
level of inflammatory response does not correlate with the magnitude of membrane degradation.

Experimental article (J Int Dent Med Res 2021; 14(1): 74-78)
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Introduction

Augmentation of alveolar bone defect
requires guided bone regeneration procedure
which combine bone graft particulate and barrier
membrane’. The commonly used membrane for
guided bone regeneration is absorbable collagen
membrane made from bovine pericardial tissue?.
As BPCM consists of native type of collagen it
undergoes rapid biodegradation. Therefore, its
manufacturing process usually requires the
procedure of chemical cross-linking in order to
inhibit its biodegradation. However, cross-linking
itself would hamper vascular tissue ingrowth
through the membrane thus would lead to poor
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tissue integration3. It was necessary, therefore, to
search for alternative type of absorbable
membrane able to overcome the shortcoming of
BPCM to be used as a GBR membrane.

DFDBCBM is newly developed collagen
membrane produced from bovine cortical bone
layer through decalcification process.  Study
showed that it underwent degradation at a rate
comparable to BPCM untii day 28 post
subcutaneous implantation in rat's dorsum *
However, the mechanism by which degradation
process of the membrane occurs is not clear yet.
Although histologic evaluation of few collagen
membranes have been studied™®.

The biologic and biomolecular activities of
its biodegradation has not been fully understood
so far. As DFDBCBM is xenogeneic type of
biomaterial question is raised as to whether it is
likely to elicit increased local inflammation which
may, theoretically, induce early biodegradation
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through protease enzymes activities especially
matrix metalloproteases (MMPs)’. However, this
is only a hypothesis which needs further study to
prove this assumption true.

This study attempts to elucidate the
biomolecular activities of degradation process of
demineralized freeze dried bovine cortical bone
membrane following subcutaneous implantation
in rat's dorsum. The study evaluated the
expression of TNF- as pro-inflammatory cytokine
and MMP-13 as proteolytic protein followed by
evaluation to exhibit any correlation possibly
existing between the two variables.

Materials and methods

Surgical procedure on experimental
animals was done at operating room at
Department of Biochemistry, Faculty of Medicine,
Universitas Airlangga, Surabaya, approved by
Commission on Ethical Clearance, Faculty of
Dental Medicine, Universitas  Airlangga,
Surabaya. Sixty male Wistar rat's used in this
study were randomly divided into 2 groups. In
experimental group 5 x 5 mm DFDBCBM
(produced by Tissue Bank, Dr. Soetomo General
Hospital, Surabaya) were implanted in the rat’s
dorsal subcutaneous tissue while in control group
BPCM (Jason Membrane, Botiss GmbH,
Germany) was used for the implantation. Five
rats from each group were sacrificed at 2, 5, 7,
14, 21 and 28 days after implantation for
immunohistochemistry analysis.

Experimental animals were sacrificed at the
end of implantation period by over sedating them
with ether vapor. The implanted membranes
were retrieved by resection of the tissue
containing membrane together with their
surrounding tissues, fixed in 10 % buffered
formalin solution. The tissue samples were
subsequently paraffinized and subjected to
section of 4 micrometer for histology evaluation
and immunostaining. Sections were incubated in
3 % peroxide acid for 30 minutes to block
endogenous peroxidase, soaked in 0.025 %
trypsin-phosphate buffer saline for 6 minutes and
finally washed with aquadest 3 times for 2
minutes. Sections were subsequently stained
with rat anti-mouse TNF-a monoclonal antibody
or rat anti-mouse MMP-13 monoclonal antibody,
with HRP substrate as chromogenic substance.
The analysis of positive staining used novocasta
detection method under light microscope with x
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1000 magnification (Olympus BX-41) equipped
with digital camera (DP-70, Olympus, Japan) and
Cell D software (Olympus, Japan). Three
reviewers performed the counting to obtain the
mean value of each group. The data collected
was statistically analyzed with T-test or Mann
Whitney, whichever is applicable. Additionally,
correlation test (Pearson or Spearman,
whichever is applicable) was performed to
analyze whether there is any correlation of TNF-
a and MMP-13 expression between experimental
and control groups in all observation periods.
Significance was determined at p value of less
than 0.05.

Results

The histology result revealed that
subcutaneous tissue surrounding DFDBCBM and
BPCM were infiltrated with inflammatory cells
from day 2 through day 7. Infiltration were noted
at periphery of DFDBCBM and both at the
periphery and internal porosities of BPCM. At a
later stage of healing, no evidence of prolonged

inflammation was noted. The tissue was
characterized with fibrous tissue encapsulating
both membranes. Fibroblast was the

predominant cells which increased in density
along the observation periods. Macrophages

were also evident in the interface tissue at both
experimental and control groups.

Figure 1. The microscopy of subcutaneous
tissue surrounding the membrane. (A) the BPCM
and (B) DFDBCBM were scarcely infiltrated with
inflammatory cells, i.e. PMN (yellow arrow head),
lymphocytes (red), macrophage (blue) indicating
no evidence of prolonged inflammation. At 28
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days post implantation the tissue was
characterized with fibrous tissue encapsulating
(C) BPCM and (D) DFDBCBM with fibroblast
being the predominant cells (black arrows) (H&E
staining, x400 magnification).

The result of immunohistochemical staining
showed that the expression of TNF-a was noted
in both experimental and control groups from day
2 until day 28 post implantation (figure 1). The
TNF-a. expression was found to be the highest
on day 5 in both groups (Figure 3A) and declined
gradually over time and still noted until day 28
post implantation.

The result of the IHC staining also showed
that the expression of MMP-13 was noted in both
experimental and control groups from day 2 until
day 28 post implantation (figure 2). The MMP-13
expression was found to be highest on day 5 in
both groups (Figure 3B) and declined gradually
until 28 day post implantation.
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Flgure Immuno stalnlng the
expressmn of TNF-a and MMP-13 in
subcutaneous tissue surrounding membranes 5
days after implantation. Expression of TNF-a in
(A) DFDBCBM and (B) BPCM group; arrow head
pointing to positively stained cells (black staining
in nuclei and dark brown in cytoplasm).
Expression of MMP-13 in (C) DFDBCBM and (D)
BPCM group; arrow head pointing to positively
stained cells (nuclei in dark blue, cytoplasm light
blue).

The result of immunohistochemistry
examination revealed that TNF-o and MMP-13
expression in DFDBCBM and BPCM group
followed the same pattern. Their expressions
were noted on day 2, increased considerably on
day 5, followed then by gradual decrease along
the observation period (Figure 3).
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Figure 3. Mean expression of TNF-a. dan MMP-
13 following implantation of DFDBCBM and
BPCM. The peak expression of (A) TNF-o and
(B) MMP-13 were both noted at 5 days post
implantation followed by gradual decline towards
day 28. Correlation of TNF-a and MMP-13
expression post implantation of DFDBCBM and
BPCM. (C) Correlation of TNF-oo and MMP-13
expression in DFDBCBM group; (D) Correlation
of TNF-a and MMP-13 expression in BPCM

group.

Time Group p Value
Day 2 0.0000
Day 5 0.4361
Day 7 (n=5) 0.7105
Day 14 (DFDBCBM) 0.2722
Day 21 0.2053
Day 28 0.6186

Table 1. Correlation test on TNF-o. and MMP-13
expression in DFDBCBM group.

Statistical analysis with the use of Mann
Whitney or T-test showed that the expression of
TNF-a and MMP-13 between DFDBCBM and
BPCM groups were found to be not significantly
different in all observation days (Figure 3). The
result of correlation test revealed that TNF-o and
MMP-13 expression in DFDBCBM group were
significantly correlated on day 2, whereas no
correlation was found on day 5, 7, 14, 21 and 28
(Table 1). The result also showed that TNF-a
and MMP-13 expression in BPCM group were
significantly correlated on day 7 only, while no
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correlation was found on day 2, 5, 14, 21 and 28
(Table 2).

Time Group p Value
Day 2 1.0000
Day 5 0.1407
Day 7 (n=3) 0.0305
Day 14 (BPCM) 0.1654
Day 21 0.6309
Day 28 0.5993

Table 2. Correlation test on TNF-a. and MMP-13
expression in BPCM group.

Discussion

Demineralized Freeze Dried Bovine Cortical
Bone Membrane (DFDBCBM) is a novel
membrane of xenogenic origin. It is made from
bovine cortical bone which, after being treated
with acid decalcification, contains only inorganic
component mainly collagen type-I fibers. A study
by our group revealed that Demineralized Freeze
Dried Bovine Cortical Bone Membrane
(DFDBCBM) was found to be potentially non-
antigenic, non-cytotoxic, elicited normal immune
and tissue response and underwent gradual
biodegradation process following subcutaneous
implantation in rat's dorsum.**® From the result of
the study it was concluded that DFDBCB
membrane is potential to be used as GBR
membrane. Nevertheless, the mechanism of
DFDBCBM and BPCM biodegradation is still
unclear thus far. An assumption holds that the
higher the level of tissue inflammation after
membrane implantation the higher the magnitude
of membrane biodegradation.

In this study analysis of TNF-a expression
was chosen as representation of inflammation
level because it is one of the major pro-
inflammatory cytokines expressed by majority of
inflammatory cells. It is expressed by activated
macrophages, fibroblast, lymphocyte CD4+, NK
cell, neutrophil, endothelial cells, mast cell,
eosinophil and even neuron®. This type of
cytokine is one of the inflammatory mediators
that play an important role in extracellular matrix
(ECM) degradation, including degradation of
collagen [9], by inducing expression of matrix
proteolytic enzyme and decreasing extracellular
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matrix macromolecule structure such as collagen
type-1'°. It also regulates the activities of immune
cells, inhibits uptake process of collagen and
induction of MMPs™.

Matrix Metalloproteinases (MMP), also called
matrixin, constitutes a group of zinc-dependant
proteolytic enzymes which play a role in ECM
remodeling and degradation mainly collagen. In
healthy normal tissue MMPs are expressed by
various cells at low level, while their expressions
are increased in tissue remodeling and
inflammation 2. Different types of MMPs exist
such as MMP-1, MMP-8, MMP-13 dan MMP-18.
The MMP-13, also referred to as collagenase-3,
a member of collagenase subfamily of MMPs
family has different form from MMP-1(interstitial
collagenase or collagenase-1) and MMP-8
(neutrophil  collagenase or collagenase-2).
Structurally,  MMP-13 is composed of pro-
peptide, catalytic domain and haemopexin-like
domain which is involved in collagen degradation
especially type-lll and some type-l collagen *.
MMP-13 together with the other MMPs degrade
collagen into smaller fragments™. In this study
analysis of MMP-13 expression was chosen
because MMP-13 was known to work actively on
type-lI and type-lll collagen as well as synthetic
peptide > commonly used in studies which are
related with collagenase activities.

The result of the study exhibited no
significant differences in TNF-o expression
between DFDBCBM and BPCM groups from day
2 through day 28. This finding confirms that no
excessive inflammatory response occurred after
implantation of DFDCBM in subcutaneous tissue.
This is likely due to the fact that the two types of
membranes are non-antigenic because they do
not contain residual cells, namely osteoblast and
osteocyte, as analyzed in our previous study”.

The result of the study also revealed that
there was no significant difference in MMP-13
expression between the two groups throughout
observation period. This finding may be attributed
to the fact that both of the membranes contain
collagenous material although structurally they
are not exactly the same, DFDBCBM consists of
collagen type-I, a specific cortical bone collagen,
while BPCM is mainly composed of type-l and
some type-Ill collagen.

The result of the study also showed that
TNF-a and MMP-13 expressions were strongly
increased on day 5 post implantation in both
groups which were followed by gradual decrease
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thereafter. This finding may be caused by
increased activity of macrophage which reach
their peaks within few days of acute inflammation
and during early repair phase. Within 2 to 7 days
of inflammation macrophage massively infiltrate
the defect area by release of various enzymes
and mediators®®. This may be the reason for the
increase in MMP-13 expression on day 5 post
implantation of membranes in both groups.

Correlation analysis between TNF-o and
MMP-13 expressions within DFDBCBM group
showed that significant correlation was noted
only on day 2, whereas in BPCM group
correlation was found only on day 7. Based on
these results we concluded that no correlation
exists between TNF-a and MMP-13 expressions
during  biodegradation process of both
DFDBCBM and BPCM.

Conclusions

Based on the results above we conclude that
implantation of DFDBCBM and BPCM, to some
extent, do not provoke excessive inflammatory
response and they undergo comparable
biodegradation process. Additionally, we also
conclude that, in this study, there is no
correlation between the level of inflammation and
the magnitude of biodegradation.
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