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ABSTRACT
Objective: The aim of this study was to investigate the immunohistochemical expression of TIMP-1,
TIMP-2 and TIMP-3 in inflamed dental pulp and to examine the association of this expression with
angiogenesis.
Materials and Methods: Fifty-four (54) samples of dental pulps with clinical diagnosis of irreversible
pulpitis were used as the experimental group and fifty-one (51) healthy pulps extirpated from clinically
intact teeth, which were extracted for orthodontic reasons, were used as the control group. From each
tissue sample four sections were made and stained using the immunohistochemical (IH) method with the
use of monoclonal antibodies. The IH status of the tested antigens was determined by the
semiquantitative method and included determination of the number of newly formed blood vessels
(CD105 positive) and evaluation of the immunohistochemical expression of TIMP-1, TIMP-2 and TIMP-3.
Results: Significantly higher expression of TIMP-3 (Mann–Whitney U, p=0.001) and TIMP-2
(Mann–Whitney U, p=0.049) were observed in the experimental compared to the control group. There are
statistically significant differences in the number of CD105 positive blood vessels between the
experimental and control group (Mann–Whitney U, p=0.0001), indicating angiogenesis. There is a
significant association (rpb=0.454; p= 0.001) between TIMP-3 expression and CD105 positive blood
vessel expression.
Conclusion: The results of our study showed that inflammation of the dental pulp contributes to the
immunohistochemical expression of TIMP-2 and TIMP-3. Also it was found an increased number of
CD105 positive vascular profiles indicating the occurrence of angiogenesis in the inflamed pulp. TIMP-3
plays an important role in angiogenesis during pulpitis, since the immunohistochemical expression of
TIMP-3 in the inflamed pulp positively correlated with the expression of CD105.
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Introduction
Remodeling and expansion of primary blood
vessels formed by vasculogenesis in arteries, veins
and capillaries of different sizes is called
angiogenesis. Angiogenesis is also necessary to
maintain the functional and structural integrity of
tissues during postnatal life. In healthy adults, the
transformation of endothelial cells is usually very
slow and the endothelium is maintained at rest
state by a balance of positive and negative
regulators of angiogenesis. Angiogenesis is limited
to sites where metabolic tissue damage is such that
new blood vessels are needed. In wound healing,
fracture healing, inflammation, folliculogenesis
and ovulation during the menstrual cycle, as well
as in ischemic conditions, positive factors
predominate, thus causing the activation of
angiogenic mechanisms [1].
Angiogenesis is also an integral component of
chronic inflammatory processes and is crucial for
tissue development and recovery. Evaluation of
angiogenesis in inflamed dental pulp using the
panendothelial marker (CD34) [2], as well as using
the activated endothelial marker (endoglin), was
the subject of our previous research [3].
The complexity of endothelial cell development
suggests that the regulation of their growth must
include many developmental and tissue-specific
differentiation factors. Angiogenic signals are
mediated by a number of growth factors and
cytokines and the balance between positive and
negative regulators keeps mature blood vessels at
state of rest. Each time the balance is disturbed, the
vessels respond either by activating angiogenic
responses or, when insufficient growth signals are
present, regressing by apoptosis. The interaction
between angiogenic growth factors and their
target cells triggers a cascade of events resulting in
the formation of blood vessels [4].
Extracellular matrix protein degeneration
occurs during pulpitis. Different matrix metalloproteinases (MMPs), acting on different structural
proteins, are involved in this matrix transformation. Thus, gelatinases (MMP-2 and MMP-9) are
involved in the degradation of denatured gelatinlaminins, elastins, fibronectin and basement
18

membrane collagen. They are also included in the
normal extracellular matrix transformation.
Several studies describe the association between
MMP-2 and MMP-9 expression and angiogenesis in
pulpitis [5-13].
Matrix metalloproteinases can be neutralized
by tissue inhibitors of matrix metalloproteinase
(TIMPs). Until now four TIMPs (TIMP-1, TIMP-2,
TIMP-3 and TIMP-4) have been identified in
mammals, and they differ from each other in tissue
expression, regulation and inhibitory characteristics. TIMPs also inhibit disintegrin and metalloproteinases (ADAMs) and ADAMs with thrombospondin motifs (ADAMTSs), although, this inhibition is primarily accomplished by TIMP-3.
Balance between matrix metalloproteinases and
their endogenous inhibitors are variable in both
physiological processes, such as growth and
development, as well as in pathological processes
[14].
Recent studies have shown that TIMPs also
elicit responses that are independent of matrix
metalloproteinase inhibition. Therefore, they are
involved in numerous biological processes such as
the regulation of cell proliferation, migration and
invasion, angiogenesis and apoptosis [15].
Data related to the expression of TIMPs in
dental pulp are very limited. The aim of this study is
to investigate the immunohistochemical expression of TIMP-1, TIMP-2 and TIMP-3 in inflamed dental pulp and to examine the association
with angiogenesis.

Material and methods
Sample selection
A total of 68 dental pulps extirpated from
permanent maxillary and mandibular premolars
with a clinical diagnosis of irreversible pulpitis
caused by caries were collected. All patients have
previously undergone a complete endodontic
diagnostic protocol, which includes taking
anamnestic data, clinical examination and testing,
as well as analysis of radiographic findings. Criteria
for the clinical diagnosis of symptomatic irreverStomatološki vjesnik 2021; 10 (2)
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sible pulpitis was the presence of spontaneous or
intermittent pain caused by thermal stimuli that
persisted after the removal of the stimulus.
Diagnostic criteria for asymptomatic irreversible
pulpitis were the existence of deep caries
extending to the pulp chamber, established by
clinical examination and radiography. The
exclusive criteria included samples in which, after
examination of sections stained by hematoxylin
eosin, it was noticed that they were rudimentary or
that tissue necrosis was present. This was
observed in 14 samples, and after their exclusion,
54 dental pulps were included in the experimental
group.
The control group included 51 dental pulps
extirpated from clinically intact, permanent
maxillary and mandibular premolars, with fully
developed roots, which were extracted for orthodontic reasons - as directed by an orthodontist. The
age limit of patients was 12 to 35 years for both
groups.
Sample collection was performed at the Faculty
of Dentistry in Sarajevo, and pathohistological
tissue verification and immunohistochemical
analysis at the Department of Pathology of the
Medical Faculty in Sarajevo.
The study was performed in accordance with
the guidelines of the Declaration of Helsinki on
biomedical research and was approved by a local
Ethics Committee (Faculty of Dentistry, Sarajevo,
Bosnia and Herzegovina, number of approval
letter: 09-622-2/11).
Immunohistochemical analysis
Immunohistochemical analysis was performed
using monoclonal mouse anti-human TIMP-1
(Clone VT7; DAKO, Denmark), TIMP-2 (Clone
46E5; Leica Biosystems, Newcastle), TIMP-3
(Clone 18D12b; Leica Biosystems, Newcastle) and
anti-CD105-endoglin (Clone 4G11; Leica
Biosystems, Newcastle) antibodies. Four-micronthick, formalin-fixed, paraffin-embedded sections
were mounted on silanized slides and heated
overnight at 60 ̊C. The samples were deparaffinized
with xylene and rehydrated in a series of
Stomatološki vjesnik 2021; 10 (2)

decreasing ethanol solutions (100%, 90% and
80%) for 5 min each, then washed with distilled
water and three times with 0.05 mol/L phosphatebuffered saline (pH 7.4). Sections were than
immersed in a 10 mmol/L citrated buffer at 60°C
for 5 min for antigen retrieval. They were then
immersed in methanol with 3% H2O2 at 4 ̊C for 30
minutes to block endogenous peroxidase activity,
and incubated for 10 minutes with rabbit serum to
block non-specific antigen receptors. Tissue
samples were then incubated with the aforementioned primary antibodies (TIMP-1, TIMP-2, TIMP3 and endoglin) which were incubated for 2 hours
at 4 ̊C. Secondary antibody and avidin-biotinperoxidase complex (ABC) were instilled into
tissue sample slides. 3,3-diaminobenzidine (DAB)
was used as a chromogen and the tissue was
stained with Mayer's hematoxylin, mounted and
cover slipped.
Immunohistochemical evaluation
The slides were observed by light microscopy
(Olympus BX40 microscope, Artisan Scientific,
Champaign, Illinois, USA) at magnification of 400x.
Immunochistohemical positive cells were
identified by their brown color.
The staining intensity of protein TIMP-1, TIMP2, and TIMP-3 and the number of stained pulp cells
were both taken into consideration. The
cytoplasmic staining intensity was scored semiquantitatively, according to a previously described
method [16], as follows: no staining (score 0), less
than 10% of stained cells (score 1), less than 30%
of weakly stained or strongly but incompletely
stained cells (score 2) and more than 30% of
strongly and completely stained cells (score 3).
The product of the immunohistochemical
reaction was visualized in the cytoplasm of
fibroblasts and inflammatory cells. Newly formed,
CD105 positive vessels were counted in 5 visual
fields, separately, which is expressed as the mean
value for each individual pulp sample. Isolated
brown-stained cells, cell clusters and formed
lumen structures were taken into account.
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Statistical analisis

Results

Comparison of TIMP-1, TIMP-2, TIMP-3 and
CD105 expression between healthy and inflamed
dental pulp was evaluated by the Mann-Whitney U
test. The point-biserial correlation coefficient test
was used to assess the relationship between
CD105-positive blood vessel expression and TIMP3 expression (for TIMP-1 and TIMP-2 it does not
make sense due to expression in a small number of
samples).

Significantly higher expression of TIMP-3
(Mann–Whitney U, p=0.001) and TIMP-2
(Mann–Whitney U, p=0.049) were observed in the
experimental compared to the control group. No
statistically significant difference in TIMP-1
expression was found between the experimental
and control groups (Table 1.). In the experimental
group, TIMP-1 (Figure 1.) and TIMP-2 (Figure 2.)
were detected entirely in inflammatory pulp cells,

Table 1. Cytoplasmic staining intensity of TIMP-1, TIMP-2 and TIMP-3
Cytoplasmic
staining

Group

experimental
Cytoplasmic
staining
intensity of
TIMP-1
control

experimental
Cytoplasmic
staining
intensity of
TIMP-2
control

experimental
Cytoplasmic
staining
intensity of
TIMP-3
control
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Score
0
1
2
3
0
1
2
3
0
1
2
3
0
1
2
3
0
1
2
3
0
1
2
3

N
50
4
0
0
Total 54
50
1
0
0
Total 51
50
1
3
0
Total 54
51
0
0
0
Total 51
43
7
2
2
Total 54
51
0
0
0
Total 51

MannWhitney U

Z

p

1302

-1,304

0,192

1275

-1,972

0,049

1096,5

-3,385

0,001
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Figure 1. TIMP -1 positive macrophages of
inflamed pulp- black arrows (IH, X400)

Figure 4. TIMP-3 positive inflammatory
cells and fibroblasts (IH, X400)

Figure 2. TIMP-2 positive inflammatory cells
and fibroblasts (IH, X400)

Figure 5. CD105 positive capillary endothelial cells
- black arrows (IH, X400)

Figure 3. TIMP-3 positive inflammatory cells
- black arrows(IH, X400)
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in four samples each. TIMP-3 was detected in 11
samples, of which seven times in fibroblasts and six
times in inflammatory cells (Figure 3.). Of that
number, simultaneous expression of TIMP-3
(Figure 4.) in inflammatory cells and fibroblasts
was observed in two cases.
There are statistically significant differences in
the number of CD105 positive blood vessels
between the experimental and control group
(Mann–Whitney U, p=0.0001), indicating angiogenesis. There is a significant association
(rpb=0.454; p= 0.001) between TIMP-3 expression
and CD105 positive blood vessel expression
(Figure 5.).
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Discussion
Dental pulp inflammation is regulated sequence
of vascular and cellular events mediated by various
molecular factors. Due to its primary role in tissue
trophism and homeostasis, as well as its
participation in inflammation, the angiogenic
process is regulated by a multitude of factors. The
list of molecules that affect angiogenesis grows
every day and includes growth factors, bioactive
lipids, complex polysaccharides and ECM
components. In recent years has been confirmed
that the extracellular matrix (ECM) contains
critical signals that regulate the formation and
function of blood vessels during development and
disease. These signals regulate the molecular
balance between vascular morphogenesis and
regression. In this sense, the fundamental role in
the regulation of morphogenesis and stability of
blood vessels is played by ECM signals that act on
endothelial cells, pericytes and smooth muscle
cells of the vasculature [17, 18].
The expression of TIMPs in dental pulp has been
the subject of a relatively small number of studies.
In cultures of human mature odontoblasts and
pulp tissues, Palosaari et al. in 2003., for the first
time, detected TIMP-1, TIMP-2 and TIMP-3 using
RT-PCR [19]. Sulkala et al. observed minimal
differences in the expression of TIMPs, between
the pulp of healthy teeth and teeth with caries [20].
Using the ELISA test, Accorsi-Mendonça et al.
found significantly higher values of TIMP-2 in
inflamed compared to healthy pulp on a sample of
10 healthy and 10 inflamed pulps [21], which is in
accordance with the results of our research. In our
study, no statistically significant difference in
TIMP-1 expression was found between healthy
and inflamed pulps. In contrast Lee et al., using
ELISA and immunofluorescent staining, found a
positive correlation between the severity of dental
pulp inflammation and TIMP-1 expression in LPSinduced rat pulpitis. However, the authors
themselves, taking into account the differences in
the biological characteristics of human and rat
teeth, emphasize the importance of clinical studies
22

to determine the diagnostic potential of TIMP-1
[22].
It has traditionally been believed that TIMPs
prevent angiogenesis through an inhibitory effect
on MMPs and preventing degradation of the
extracellular matrix. TIMP-3 is considered an
antagonist of vascular endothelial growth factor
(VEGF) because it binds to its receptor 2 (VEGFR2). Inhibition of angiogenesis by TIMP-3 has been
demonstrated in several studies. Thus, AnandApple et al. concluded that TIMP-3 inhibits
vascular endothelial cell chemotaxis toward VEGF
and basic fibroblast growth factor (bFGF) [23].
Study by Kang et al. have shown that TIMP-3 can
inhibit tumor angiogenesis and endothelial cell
proliferation [24]. The influence of TIMP-3 on the
development of choroidal vasculature was
described in a study by Ebrahem et al [25].
In this study, we noticed that TIMP-3 has
proangiogenic effects. Of course, we must be
critical and emphasize that statistical correlation
does not necessarily mean a cause-and-effect
relationship. Searching the literature, we found
that this is not the first time that TIMP-3 has been
associated with a proangiogenic effect. In an
American-British study, it has been proven that the
S156C mutation of TIMP-3 in endothelial cells
results in abnormal localization of the protein,
increased glycolysis, decreased inhibitory activity
on the matrix metalloproteinase and increased
VEGF-dependent angiogenesis, which causes
choroidal neovascularization in Sorsby's fundus
dystrophy [26]. Also, Takawale et al. reported that
TIMP-3 overexpression promotes angiogenesis
and inhibit early proteolysis after myocardial
infraction in a biphasic and dose- dependent
manner [27]. Importantly, Saunders et al.
demonstrated that TIMP-3 stabilizes the vascular
network by preventing regression of newly formed
vasculature [28].
It is evident that TIMP-3 has different activities,
depending on the cell types, tissues or physiological environment. The mechanism by which
TIMP-3 acts on angiogenesis has not yet been fully
elucidated and requires further research.
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human dental pulps. Eur J Oral Sci.
2002;110(5):353-7.

Conclusions
1. Inflammation of the dental pulp stimulates the
immunohistochemical expression of TIMP-3
which has been observed in fibroblasts and
inflammatory cells.

6.

Tsai CH, Chen YJ, Huang FM, Su YF, Chang YC.
The upregulation of matrix metalloproteinase-9 in inflamed human dental pulps. J
Endod. 2005;31(12):860-2.

2. Also, inflammation stimulates the expression
of TIMP-2 in dental pulp which is limited to
inflammatory cells.

7.

Zehnder M, Wegehaupt FJ, Attin T. A first study
on the usefulness of matrix metalloproteinase
9 from dentinal fluid to indicate pulp
inflammation. J Endod. 2011;37(1):17-20.

8.

Accorsi-Mendonça T , Silva EJ, Marcaccini AM,
Gerlach RF, Duarte KM, Pardo AP, et al.
Evaluation of gelatinases, tissue inhibitor of
matrix metalloproteinase-2, and myeloperoxidase protein in healthy and inflamed
human dental pulp tissue. J Endod. 2013;
39(7):879-82.

9.

Panagakos FS, O'Boskey JF Jr, Rodriguez E.
Regulation of pulp cell matrix metalloproteinase production by cytokines and
lipopolysaccharides. J Endod. 1996;
22(7):358-61.

3. No association has been established between
immunohistochemical expression of TIMP-1
and pulpitis.
4. TIMP-3 plays a significant role in angiogenesis
during pulpitis, because the immunohistochemical expression of TIMP-3 in inflamed
pulp positively correlates with the expression
of CD105.
5. TIMP expression is tissue-specific, but also
depends on the research method.
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Edwards DR, Tjäderhane L, Salo T. Expression
profile of matrix metalloproteinases (MMPs)
and tissue inhibitors of MMPs in mature
human odontoblasts and pulp tissue. Eur J
Oral Sci. 2003;111(2):117-127.

26. Qi JH, Dai G, Luthert P, Chaurasia S, Hollyfield J,
Weber BH, et al. S156C mutation in tissue
inhibitor of metalloproteinases-3 induces
increased angiogenesis. J Biol Chem.
2009;284(30):19927-19936.
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