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Systemic rosiglitazone administration leads to cementocytes
apoptosis in wild type mice

A administracdo sistémica de rosiglitazona leva a apoptose de cementocitos em camundongos
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It has been shown that a class of drugs for diabetes control, the thiazolidinediones, leads to increased
apoptosis in osteocytes. Considering the correlations between osteocytes and cementocytes, the aim of this
study was to demonstrate the apoptosis on cementocytes of wild type mice that had received rosiglitazone.
Twenty-four male C57BL/6 mice were divided into 3 groups: 1 control, which received only the vehicle
administration via oral for 1 week (PBS+DMSO 10%) and other two groups, which received 10 mg/kg of
RGZ+PBS+DMSO 10% for 1 or 2 weeks, respectively. Upon completion of the time courses, mice were
killed by CO; and the mandibles were dissected and subjected to routine histotechnical processing. The
sections were analyzed through transferase-mediated dUTP nick-end labeling (TUNEL) and 4°,6- diamidino-
2-phenylindole (DAPI) staining of nuclear morphology (¢=0.05). Control group showed significantly lower
apoptotic cells/total cells ratio when compared to the experimental groups with TUNEL and DAPI methods
(p=0.010 and 0.004, respectively). TUNEL method showed approximately 20% TUNEL-positive
cementocytes in control and 26% in both experimental groups, while the DAPI technique showed
approximately 32% of DAPI-positive cementocytes in control and 38% to 40% in experimental groups. The
rosiglitazone systemic administration can lead to cementocytes apoptosis in mice. Despite the differences
between the experimental and control groups, the death of cementocytes occurred as a physiological
phenomenon, important in understanding the role of these cells in periodontal tissue.
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Foi demonstrado que uma classe de medicamentos para o controle do diabetes, as tiazolidinedionas, leva ao
aumento da apoptose dos ostedcitos. Considerando as correlagdes entre ostedcitos e cementdcitos, o objetivo
deste estudo foi demonstrar a apoptose de cementdcitos em camundongos selvagens que receberam
rosiglitazona. Vinte e quatro camundongos C57BL / 6 machos foram divididos em 3 grupos: 1 controle, que
recebeu apenas a administragdo do veiculo via oral por 1 semana (PBS + DMSO 10%) e outros dois grupos,
que receberam 10 mg / kg de RGZ + PBS + DMSO 10% por 1 ou 2 semanas, respectivamente. Apds a
conclusdo destes ciclos, os camundongos foram mortos por CO, e as mandibulas foram dissecadas e
submetidas ao processamento histotécnico de rotina. As sec¢des foram analisadas por meio de marcacéo
dUTP nick-end mediada por transferase (TUNEL) e coloragdo 4',6-diamidino-2-fenilindol (DAPI) da
morfologia nuclear (o = 0,05). O grupo controle apresentou relagdo células apoptéticas/células totais
significativamente menor quando comparado aos grupos experimentais pelos métodos TUNEL e DAPI
(p=0.010 e 0.004, respectivamente). O método TUNEL mostrou aproximadamente 20% de cementécitos
TUNEL-positivos no controle e 26% em ambos 0s grupos experimentais, enquanto a técnica DAPI mostrou
aproximadamente 32% de cementdcitos DAPI-positivos no controle e 38% a 40% nos grupos experimentais.
A administracdo sistémica da rosiglitazona pode levar a apoptose dos cementdcitos em camundongos. Apesar
das diferencas entre os grupos experimental e controle, a morte dos cementécitos ocorreu como um fendmeno
fisioldgico, importante no entendimento do papel dessas células no tecido periodontal.

Palavras-chave: cemento dentario, DAPI, marcacao in situ das extremidades cortadas.

1. INTRODUCTION

The tooth root cementum is a mineralized, non-innervated and avascular tissue that covers the
dentin. In addition to the mineral matrix, cementoblasts and cementocytes are the cell types present
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in this tissue. On the cervical root portion, the cementum is acellular, while it is cellular when
covering the apical root. It is known that the acellular cementum provides critical influence on the
attachment of the tooth to the surrounding periodontal ligament (PDL). The cementoblasts are
located on the cementum surface, which covers the dental root surface, where the periodontal
collagen fibers are attached. These cells protect the tooth root from bone turnover and resorptions
since they do not present specific receptors for this phenomenon. During formation of cellular
cementum, cementoblasts secrete the cementoid, an unmineralized extracellular matrix (ECM).
During this process, some cementoblasts are embedded in the ECM and become cementocytes [1].

In general, the cementum is similar to bone. It is well known that during bone remodeling the
osteocyte cell plays multifunctional roles by regulating both osteoblast and osteoclast function [2,
3]. Also, it is well described that osteocytes play an important role in the pathogenesis of bone
diseases, such as osteoporosis and osteoarthritis [4, 5]. Also, there are few evidence describing the
role of these cells during oral processes and diseases [6, 7].

Although there are some similarities between osteocytes and cementocytes, differentiation and
functions remains poorly understood [8-10]. The function of cementocytes in periodontal
physiology was not well established. However, it is possible that this cell type presents a regulatory
role in cementum. Therefore, the cementocyte could be such a dynamic actor in cementum
metabolism as the osteocyte in the bone [1, 8].

Moreover, side effects on bone tissue cells have been reported after the use of a class of insulin
sensitizing antidiabetic agents indicated for use in type 2 diabetes mellitus, the thiazolidinediones
(TZD). The rosiglitazone (RGZ) belongs to this class of drugs, which are high-affinity synthetic
agonists for peroxisome proliferator-activated receptor-y (PPAR-y). This receptor is involved in the
osteoblast or adipocyte differentiation, a fact that could be related to the later differentiation of
osteocytes [11-15]. We previously showed the significant effect of rosiglitazone-induced
osteocytes apoptosis during periapical lesion development [16].

In Dentistry, Matsuzawa et al. showed the effect of cementocytes cell death during orthodontic
tooth movement, but there are a lot to elucidate during oral diseases [17]. Also, until now, the effect
of cementocytes apoptosis in the periapical lesion development was not studied.

The null hypothesis was that systemic administration of RGZ leads to cementocytes apoptosis
in an experimental model. Therefore, the aim of this study was to demonstrate the occurrence of
apoptosis in cementocytes of wild type mice that had received RGZ.

2. MATERIALS AND METHODS

Twenty-four male WT C57BL/6 mice, aged 6-8 weeks, with an average weight of 20 grams
were used. The animals were obtained from the Central Animal Laboratory of University of Sdo
Paulo, Brazil, and kept in the Animal Laboratory of Ribeirdo Preto School of Dentistry — USP,
under a 12-h light/dark cycle, controlled temperature and humidity and free access to food and
water. All animal procedures were carried out in accordance with the ethical guidelines of the Ethics
Committee of the Campus of Ribeirdo Preto of the University of Sdo Paulo (Process
2014.1.450.58.8), supported by the National Council for Scientific and Technological Development
(grant n® 444604/2014-6).

After power analysis, to reach a statistically significant difference of apoptotic cells between the
groups and to control the type I error under 0.05 with 80% of power, approximately seven mice
should be needed per group, using one-way ANOVA. Therefore, eight animals per group (counting
on possible surgical losses) were analyzed.

The twenty-four animals were simply randomized (by using a table of random numbers) and
divided into three groups: 1 control, which received only the vehicle administration via oral for 1
week (PBS+DMSO 10%) and other two groups, which received 10 mg/kg of RGZ+PBS+DMSO
10% for 1 or 2 weeks, respectively. The experimental unit used was the single animal.

Upon completion of the time courses, mice were killed by CO,. The mandibles were dissected
and fixed in 10% phosphate-buffered formalin for 16 hours at room temperature, washed in running
water for 4 hours, and decalcified in 4.13% ethylenediaminetetraacetic acid (EDTA; pH=7.2) at
room temperature for approximately 3 weeks. After, the samples were subjected to routine
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histotechnical processing. Longitudinal 5-pum-thick semi-serial sections were cut in a mesiodistal
orientation using a Leica microtome [20, 21].

The Terminal Deoxynucleotidyl Transferase-mediated Deoxyuridine Triphosphate Nick End
Labeling Method (TUNEL) was used to detect DNA fragments derived from apoptotic cells.
Dewaxed sections were stained with the Apop Tag-Plus Kit (Oncor, Gaithersburg, MD). The
sections were pretreated in 20 pg/ml proteinase K (Oncor-Protein Digesting Enzyme) for 15 min at
37°C, and after several washings in distilled water they were immersed in 3% hydrogen peroxide
in PBS (50 mM sodium phosphate, pH 7.4, 200mM NacCl) for 15 min; they were then immersed in
the equilibration buffer. After incubation in TdT enzyme (terminal deoxynucleotidyl transferase)
at 37°C for 1 hr in a humidified chamber, the reaction was stopped by immersion in a stop/wash
buffer at 37°C for 15 min.

Then, the sections were washed in PBS for 10 min and incubated in anti-digoxigenin-peroxidase
at 37°C for 1 hour, in a humidified chamber. After several washings in PBS, the sections were
treated with 0.06% 3.38-diaminobenzidine tetrahydrochloride (Sigma, St. Louis, MO) in the
presence of 0.1% hydrogen peroxide for 5-10 min, at room temperature. The sections were
counterstained with hematoxylin, dehydrated in 100% butanol, rinsed in xylol and mounted in
Entellan medium. Involuting mammary or prostate gland sections were used as positive controls
for the TUNEL method. Negative controls were incubated in medium lacking TdT enzyme [20].

The 4',6-diamidino-2-phenylindole staining (DAPI) was used for DNA condensation
examination. Briefly, dewaxed sections were washed with PBS tree times of five minutes each,
waterproofed with 0.5% PBS-Triton, and washed again with PBS tree times of five minutes each.
Then, they were incubated with DAPI (1ug/4mL) for approximately five minutes, at room
temperature in the dark.

All analyses were performed under a conventional light microscopy (Carl Zeiss Microlmaging
GmbH, Gattingen, Germany). For the TUNEL analysis, no filter was used, whereas for correct
visualization of DAPI stained sections, an appropriate microscopy filter was used. The apical
cementum of the mesial and distal roots of the first and second mandibular molars from each animal
were analyzed. For the cell counting and quantification of apoptotic cells, five to six random
microscopic fields were analyzed (magnification 630x).

The ratio of apoptotic cells/total cells in each field was calculated using the Image J software
(1.49u National Institutes of Health, USA). The ratios from two sections were then averaged for
each animal and the values from all eight animals per group at each time point were used to conduct
statistical tests [21]. TUNEL-positive cementocytes were considered when stained with brown
color, presenting nuclei fragmentation (Figure 1A). DAPI-positive cementocytes were considered
when their nuclei presented fluorescent defined spots, showing nucleus condensation (Figure 1B)
[22-24].

Statistical analysis was carried out using Graph Pad Prism 4 (Graph Pad Software Inc., San
Diego, CA, USA). A significance level of 5% was set for all analyses. Once data presented a normal
distribution after the Shapiro-Wilk test, one-way ANOV A and Bonferroni’s post hoc test were used
to compare the differences among means of cell counting ratios.

3. RESULTS AND DISCUSSION

The control group showed significantly lower apoptotic cells/total cells ratio, when compared
to the experimental groups, in TUNEL and DAPI techniques (p=0.01 and p=0.004, respectively).
Slices stained by the TUNEL method showed approximately 20% (0.201+0.03) of Tunel-positive
cementocytes in the control group, 26% (0.266+0.03) of TUNEL-positive cementocytes in the
group that received one week of TZD administration, and 26% (0.265+0.05) of TUNEL-positive
cementocytes in the group receiving two weeks of TZD administration (p=0.01) (Figure 2A).
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show apoptotic cells, with brown staining, seen by the TUNEL analysis. B: Red arrows show non-apoptotic
cells, with sound nuclei (homogeneous fluorescent or without any fluorescence). Yellow arrows show
condensed DNA areas at cell nuclei, seen by defined fluorescent spots, in apoptotic cells, by DAPI staining.

Evaluation by the DAPI technique showed approximately 32% (0.327+0.06) of DAPI-positive
cementocytes in the control group, 38% (0.380+0.05) of DAPI-positive cementocytes in the one-
week TZD group, and 40% (0.407+0.03) of DAPI-positive cementocytes in the two-week TZD
group (p = 0.004) (Figure 2B).
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Figure 2. A: Apoptotic/total cells ratio obtained by TUNEL. B: Apoptotic/total cells ratio obtained by
DAPI.

It is known that adipocytes and osteocytes are sourced from the same progenitor cell, changing
their destinations depending on the activation. If by RUNX2, they follow a differentiation for
osteoblasts lineage, while activation by PPAR-y leads to the development of adipocytes. The TZD
are agonists of PPAR-y and it has been suggested that these drugs increase the differentiation of
adipocytes at the expense of osteoblasts in vitro. Furthermore, the TZD have been reported to
significantly increase the apoptosis of osteocytes and expression of sclerostin [14, 15, 25-27].

Despite differences between cementocytes and osteocytes, there are clearly important
resemblances between them [1]. Thus, events that affect osteocytes could similarly be expressed in
cementocytes, contributing to a better understanding of the latter. For this reason, after the increase
in osteocyte apoptosis observed due to RGZ administration, our research group decided to
investigate the cementocytes behavior under these conditions [27].

Apoptosis can be differentiated from necrosis by their characteristic nuclear changes. The
TUNEL method is used for the detection of the DNA fragmentation characteristic of apoptosis,
whereas DAPI is a nuclear stain which is observed as blue fluorescence when excited under
fluorescence microscope, representing the nuclear condensation due to DNA fragmentation.
However, TUNEL may give false positive results due to variations in labeling technique as well as
staining of cells that have undergone non-apoptotic DNA strand breaks. Therefore, the extent of
TUNEL is usually normalized to total nuclear content using DAPI staining [20, 23, 24, 28-30].
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In the present study, all apoptotic cells were considered as cementocytes due to their
morphology and tissue localization (within the lacunae in the apical cementum). By labeling the
mandibles of wild type mice with RGZ, it was possible to observe that cementocytes presented
apoptosis. In addition, all animals in the control group also presented apoptosis, evidencing the
normality of this event. These events had never been previously described and are reported herein
to present this finding to other investigators and promote a discussion about the function of these
cells in periodontal physiology. It is prudent to highlight that, because of not addressing additional
methods of cell identification in the present study, the number of apoptotic cementocytes may be
slightly lower.

The apoptosis of bone cells is an essential phenomenon to the bone tissue, since it plays varied
roles from endochondral ossification, leading to cartilage mineralization, until bone maturation,
responsible for the release of angiogenic factors that stimulate vascular invasion and migration of
osteoblasts and osteoclasts, which results in remodeling of calcified cartilage and formation of
trabecular bone [31].

Moreover, the three-dimensional mechanosensory network of osteocytes controls the bone
shape and volume. Via mediators released by the lacuno-canalicular system, they regulate the
function of osteoblasts and osteoclasts in the inner and outer surfaces of structures. This
formation/resorption phenomenon represents the core of physiological and metabolic control of
bone and of the ionic balance in the body [2].

Recent evidence, added to our findings, also contributes to the understanding of the cementocyte
as an active cell type in cementum physiology. A remodeling compartment in cementum was
recently identified [32], as well as the in vitro responsiveness of cementocyte-like cells to inorganic
phosphate has been described, demonstrating a potential role in the development of cementum [10].

Thus, cementocytes, through the determined three-dimensional network, might be the
mechanism controlling the position and adaptation of root structures in the presence of several
epigenetic functional factors to which teeth are submitted, such as occlusal load, orthodontic
movement and others [17].

It is important to clarify that the evidence on TZDs indicates that this class of drugs can cause
the reduction of insulin resistance as a primary effect of the activation of PPAR-y receptors in
adipose tissue. However, the side effects of TZDs have limited their clinical use in the treatment of
diabetes. One of the clinical concerns in the use of TZDs, including RGZ, is the risk of bone
fractures. In experimental approaches, the use of this medication can lead to loss of bone mineral
density due to increased events of osteoclastogenesis and reduced osteoblastogenesis [33, 34].

Considering the turnover of bone cells, osteocytes coordinate the resorption and formation of
bone tissue by cytokines, including RANKL (kappa B nuclear activator receptor ligand) and
sclerostin. However, the bone remodeling process is related to the behavior of osteoblastic cells in
the presence of insulin. Therefore, when there is resistance to insulin, bone turnover can be reduced.
The activation of PPAR-y by rosiglitazone can interfere in the differentiation of mesenchymal cells
and lead to RANKL increase, supporting osteoclastic activity [34-36].

4. CONCLUSION

The rosiglitazone systemic administration can lead to cementocytes apoptosis in mice. This
finding may help to clarify other unknown relationships between cementocytes and other cell types
in the same, neighbor or distant tissues. Despite the significant difference between the control and
experimental groups, this study demonstrates the apoptosis in cementocytes as a physiological
phenomenon.
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