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ABSTRACT 

The aim of this study was to evaluate immunohistochemically TRAIL (TNF-Related Apoptosis Inducing Ligand) ex- 
pression in the periodontal ligament of rats’ molars considering its distribution pattern in the tension and compressive 
regions of ligament during orthodontic movement. Sixteen Sprague-Dawley rats, weighing between 120 and 200 g were 
used in the present study. Tooth movement was induced by placing elastic bands between the maxillary first and second 
molars. The elastic bands were left in place for 12 (time T1) and 24 (time T2) hours. After rats’ euthanasia, maxillae 
were dissected free and the sections were exposed to a primary rabbit polyclonal anti-TRAIL anti-body. The staining 
status was identified as either negative or positive by using 3,3’-diaminobenzidine (DAB) to develop the immunoreac- 
tion. Data were analyzed using ANOVA test and a post-hoc Dunn’s Multiple Comparison test. P-values of less than 
0.05 were considered statistically significant. The staining for TRAIL in the tension side appeared darker (intensity of 
staining = 2) than in the compressive side (intensity of staining = 1) 12 h after the tooth movement. The stainings of 
both sides of PDL were observed to be up-regulated 24 h after the application of the force (tension side = 3, compres- 
sion side = 2; P < 0.05). TRAIL is expressed in the periodontal ligament of rats’ molars during experimental tooth 
movement both in the compression and in the tension sides. The latter showed the highest amount of TRAIL immu- 
nolabeling. 
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1. Introduction 

Orthodontic tooth movement (OTM) is characterized by 
remodelling changes in dental pulp, periodontal ligament 
(PDL), alveolar bone and gingiva in response to a me- 
chanical loading [1,2]. The use of an external force in 
order to induce tooth movement determines cellular re- 
sponses that produce selective adaptation of the alveolus 
to support the migration of teeth. During this process, 
periodontal tissues could be divided into two opposing 
distinct sides named tension side (where the displace- 
ment of the dental root creates a strain force in the PDL 
fibers) and compression side (where a compression force 
is created by root against the bone and the fibers are un- 
loaded) [2,3]. The assumption that the tensile and com- 
pressive forces predominate in opposing sides of PDL 

during orthodontic movement and trigger different pat- 
terns of tissue remodeling is reasonable. This latter is 
associated with the differential expression of bone re- 
modeling markers [4-6] and with the pattern of tooth dis- 
placement observed in vivo [7]. Osteoclast and osteoblast 
are the key-cells during these processes. In fact, their 
differential activities are required to allow proper cou- 
pling of bone resorption and deposition in compression 
and tension regions in the PDL, respectively [8]. The 
appearance of osteoclasts is the indispensable first step in 
orthodontic tooth movement because they are the only 
cells responsible for bone resorption. Osteoclasts activity 
and the consequent bone turnover are mediated by the 
production of pro-osteoclastic inflammatory cytokines 
such as ligand of receptor activator of nuclear factor  
(RANKL), interleukin (IL)-1, prostaglandin (PG)E2, 
IL-6 and tumor necrosis factor (TNF)- [9]. Another *Corresponding author. 
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molecule that performs a key-role in osteoclast life cycle 
is TRAIL (TNF-Related Apoptosis Inducing Ligand). 
Even if the function of RANKL and the others pro-os- 
teoclastic inflammatory cytokines have been widely 
studied [10-12], literature is lack of evidence about 
TRAIL importance during OTM. This molecule is a 
component of the TNF ligand super family, which exhib- 
its potent cytotoxic activity and induce apoptosis of sus- 
ceptible cells [13,14] but some evidences show that 
TRAIL could have a regulatory role in various tissues 
such as neurons, hepatocytes and osteoclasts and other 
tissues [15-18]. Accordingly the aim of this study was to 
evaluate immunohistochemically TRAIL expression in 
the PDL of rat molars considering its distribution pattern 
in the tension and compressive regions of PDL during 
orthodontic movement. 

2. Materials and Methods 

2.1. Animals 

Sixteen Sprague-Dawley rats, weighing between 120 and 
200 g were used in the present study. The experimental 
side was randomly chosen and was subjected to therapy 
while the contralateral side served as a control. The ex- 
perimental procedures have been described in detail 
previously [5]. Briefly, tooth movement was induced by 
placing elastic bands between the maxillary first and 
second molars. This action created compression and ten- 
sion areas around the roots of the first and second molars 
and produced a force of about 5N [19]. The elastic bands 
were left in place for 12 (time T1) and 24 (time T2) 
hours. Rats were killed by intracardial perfusion with a 
fixative solution of 4% paraformaldehyde, pH 7.2. After 
perfusion, the maxillae were dissected free. All proce- 
dures were performed under anesthesia using a mixture 
of ketamine (90 mg/kg, Abbott Laboratories, North 
Chicago, IL) and Xylazine (5 mg/kg, Burns Veterinary 
Supply, Rockville, MD). Experiment was performed in 
accordance with the European Communitie Council Di- 
rective (86/609/EEC) and Italian Animal Protection Law 
(116/1992). 

2.2. Immunohistochemistry (IHC) 

Molar-bearing segments of alveolar bone were cut from 
each side and further fixed in separate jars containing 50 
ml of 4% paraformaldehyde overnight at 41˚C. The 
specimens were decalcified in 10% ethylenediamine- 
tetraacetic acid (EDTA, Sigma, St. Louis, MO), pH 7.2, 
for 6 - 8 weeks. The decalcified tissue specimens were 
dehydrated through ascending concentrations of ethanol. 
Subsequently, the specimens were labelled and processed 
for embedding in paraffin wax by routine protocol. 
Oblique, serial, 4-6-mm-thick sections, including the 
crestal areas mesial and distal to the maxillary molars,  

were cut by microtome. The sections were mounted on 
L-polylysine-coated glass slides (Corning, Acton, MA). 
Tooth tissue sections were dewaxed by immersion in two 
changes of xylene and then rehydrated through a graded 
ethanol series to double-distilled water. Tissues were 
processed as previously described [20]. Briefly, to inhibit 
endogenous peroxidase activity, they were incubated 
with 3% H2O2 in methanol at 4˚C for 15 min, then rinsed 
for 20 min with phosphate-buffered saline (PBS; Bio- 
Optica, Milan, Italy). Specimens were then treated with 
5% bovine serum albumin (BSA) in PBS for 1 hour to 
prevent non-specific binding of the antibody. After block- 
ing, slides were incubated overnight with a primary rab-
bit polyclonal anti-TRAIL anti-body (Santa Cruz Bio- 
technology, Inc., Santa Cruz, CA, USA) used at 1:200 
working dilutions. Detections was performed by using 
3,3’-diaminobenzidine (DAB, Dako Glostrup, Denmark) 
as chromogen (LSAB 2 System-HRB, Dako, Glostrup, 
Denmark). Sections were stained for alkaline phospha- 
tase (AP) as a marker for active osteoblasts or tartrate- 
resistant acid phosphatase (TRAP) for differentiated os-
teoclasts and osteoclast precursors. Sections were coun- 
ter-stained with hematoxylin. Subsequent stages were per- 
formed at room temperature. Slides were then washed 
and mounted in PBS/glycerol (50:50) and placed on glass 
microscope slides. The sections were observed by using a 
light microscope (Zeiss Axioplan, Berlin, Germany) and 
photographed with a digital camera (Canon, Hong Kong, 
Japan). 

2.3. Evaluation of Immunohistochemistry 

The TRAIL staining status was identified as either nega- 
tive or positive by using 3,3’-diaminobenzidine (DAB) to 
develop the immunoreaction. Intensity of staining (IS) 
was graded on a scale of 0 - 4, according to the following 
assessment: 0 = no detectable staining, 1 = weak staining, 
2 = moderate staining, 3 = strong staining, 4 = very 
strong staining. The percentage of TRAIL expression 
(Extent Score = ES) was independently evaluated by 3 
investigators (2 anatomical morphologists and one his-
tologist) and scored as a percentage of the final number 
of 100 in five categories: 0 = <5%; + = 5% - 30%; ++ = 
31% - 50%; +++= 51% - 75%, and ++++= >75%. 
Counting was performed at X200 magnification. 

2.4. Positive and Negative Controls 

Positive and negative controls were performed to test the 
specific reaction of primary antibodies at the protein le- 
vel. For positive control testing basal cell carcinoma tis- 
sue was exposed to an immunoperoxidase process. Im- 
munolabeling for TRAIL was found in both membranes 
and cytoplasm. For negative controls, slides were treated 
with normal rabbit serum instead of the specific anti- 
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bodies. 

2.5. Statistical Analysis 

Mean values and standard deviations were obtained for 
the PDL portions examined. Data were further analyzed 
using ANOVA test and a post-hoc Dunn’s Multiple 
Comparison test. P-values of less than 0.05 were consid- 
ered statistically significant. All data were analyzed with 
the SPSS program (SPSS® release 16.0, Chicago, IL, 
USA). Cohen’s k was applied to measure the agreement 
between the three observers and averaged over all three 
to evaluate overall agreement using the following grad- 
ing: 0 - 0.2 (slight), 0.21 - 0.40 (fair), 0.41 - 0.60 (mod- 
erate), 0.61 - 0.80 (substantial), and 0.81 - 1.0 (almost 
perfect). 

3. Results 

Histological examination revealed that tooth movement 
was associated with compression and tension areas. In 
the experimental sections, the PDL fibers were disori- 
ented on the strain and compressive sides. Osteoclasts 
appeared both in the compression and tension sides. 
Specimens of PDL of rats’ molar showed a significant 
increase of TRAIL expression with the immunohisto- 
chemical analysis (Figure 1) at T1 and T2 respect to the 
control (P < 0.05). The highest levels of TRAIL expres- 
sion were revealed in the tension side. The staining for 
TRAIL in the tension side appeared darker than in the 
compressive side 12 h after the tooth movement. The 
stainings of both sides of PDL were observed to be up- 
regulated 24 h after the application of the force. The PDL 
cells showed a time and side dependent immunolabeling 
pattern for TRAIL. At time T1 (Figure 2), this molecule 
was moderately expressed in the tension side (IS: 2; ES: 
++) and faintly present on the compression side (IS: 1; 
ES: ++). At time T2 (Figure 3), TRAIL was clearly de- 
tected both on the compression side and tension side, 
although with different scores. In fact in the first one, 
extent score showed a weak reactivity (ES: +++) while in 
the second one showed a strong reactivity (ES: +++). 
Concerning IS values at T2, the compression side had a 
score of 3 and tension side had a score of 2. Interobserver 
agreement measured as k coefficient was 0.90 (almost 
perfect). Figures 2 and 3 illustrate the immunostaining 
reaction in the experimental (tension and compressive 
sides) group. 

4. Discussion 

Osteoclasts recruitment and activation are part of a com- 
plex process accomplished through an orderly sequence 
of events: 1) stem cell division and osteoclast progenitor 
proliferation in hematopoietic tissues, 2) migration of 
mononuclear osteoclast precursors to sites of bone resorp- 

 

Figure 1. TRAIL intensity of staining on compression side, 
tension side and control group at T1 (12 h) and T2 (24 h). 
*= P < 0.05. 
 

 

Figure 2. TRAIL immunolabelling at T1: sagittal section of 
section of maxillary first molars. TRAIL was moderately 
expressed in the tension side (IS: 2; ES: ++) and faintly de- 
tectable on the compression side (IS: 1; ES: ++). Bar = 200 
μm. OC: osteoclast; Ts: tension side; Cs: compression side; 
P: pulp. 
 

 

Figure 3. TRAIL immunolabeling at T2: sagittal section of 
section of maxillary first molars. TRAIL was clearly de- 
tected both on the compression side and tension side, al- 
though with different scores. In fact in compression side the 
IS score was 2 with ES: +++, while in the tension side a 
score of 3 and ES: +++ was observed. Bar = 200 μm. Ts: 
tension side; Cs: compression side. 
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tion, 3) differentiation into committed osteoclast pre- 
cursors (pre-osteoclasts) guided by cell-to-cell interaction 
with osteoblasts, and 4) fusion into multinuclear osteo- 
clasts [8]. Even if many studies confirmed osteoclasts 
originate from cells away from PDL [8,21], several au- 
thors demonstrated that during OTM the number of these 
large multinucleated cells increases in the PDL near the 
compression side [3,21,22]. Several molecules play a 
role into their life cycle and it is supposed that TRAIL 
could have an important function. Accordingly, the aim 
of the present study was to evaluate the expression of 
TRAIL in rat PDL in order to detect the possible rela- 
tionship between osteoclast activation and turnover and 
TRAIL induction. TRAIL is a type II trans-membrane 
protein that induces apoptosis by binding to its death do- 
main-containing receptors, DR4 and DR5 [13,15,23-30]. 
Furthermore, TRAIL interacts with at least three “decoy” 
receptors, without the death effector domains, which are 
also known as DcR1, DcR2 and osteoprotegerin. In 
TRAIL-sensitive cells, their expression protects cells 
from TRAIL-induced apoptosis [13,15,31,32]. We con- 
duced our research on two groups (experimental and 
control groups) at two different times: after 12 hours 
(time T1) and after one day of treatment (time T2). The 
results of our analysis confirmed a higher expression of 
TRAIL in the experimental sample when compared with 
specimens in the control group. This outcome was statis- 
tically significant both at T1 and T2 (P < 0.05). A de- 
tailed analysis of the expression of TRAIL revealed an 
interesting evidence: TRAIL was found both in the ten- 
sion and in the compression side of PDL, even if higher 
levels of immunolabeling were reported in the tension 
regions. This important finding could suggest that 
TRAIL plays a dual role during OTM, probably depend- 
ing on which receptor it is able to bind. In fact, in the 
compression side, where the osteoclastic activity is re- 
quired in order to allow bone resorption, it may be hy- 
pothesized that TRAIL could join the decoy receptors 
DcR1 and DcR2 in order to induce osteoclastic different- 
tiation and activation. This result supports Kumamoto 
statements in ameloblastomas [16]. In the tension side, 
where the alveolar bone deposition prevails, TRAIL in- 
creased expression could be related to the activation of 
death receptors DR4 and DR5. This expression could 
promote the apoptosis chain that leads to osteoclasts pro- 
grammed cell death. The importance of this evidences 
consist that would be reasonable to speculate that ortho- 
dontic movement may proceed without stopping as long 
as active osteoclastic population remains actively within 
the periodontal space. The limit to this process should be 
represented by osteoclast death: the understanding of the 
biological events that underlie OTM may show a crucial 
importance in clinical practice. In a futuristic perspective, 
the knowledge of the substances that set in dental move- 

ment and the detection of their site of action, would al- 
low to determine, accurately, the beginning and the con- 
clusion of the active therapy. Clinicians could control 
these phases by administering molecules capable of in- 
ducing cell death in order to stop tooth movement or 
promoting cell differentiation to accelerate OTM as sug- 
gested by Sekhavat [33], Yamasaki [34], and Leiker [35]. 
Hypothesizing that TRAIL has a dual role during tooth 
movement and thus may be able to selectively activate or 
inhibit bone resorption, its administration in vivo could 
be helpful in order to obtain a better control of OTM. 
More scientific evidence in this field could be useful to a 
better understanding of the balance between resorption 
and deposition, which is the equilibrium that character- 
izes bone tissue and plays an essential role in orthodontic 
movement [36]. Studies on the osteoclasts life cycle may 
suggest interesting implications for the assessment of the 
timing for orthodontic treatment (i.e. discovering the 
behaviour of OTM cells, clinicians could program plans 
of activation and reactivation of the appliances). Improv- 
ing our knowledge of these biological processes, include- 
ing cell recruitment and clearance, the efficiency of or- 
thodontically treated tooth movement could reach higher 
levels. In conclusion TRAIL is expressed in the PDL of 
rat molars during experimental tooth movement both in 
the compression and in the tension sides. Tension side 
showed the highest amount of TRAIL immunolabeling. 
Further studies should be conducted in order to assess 
TRAIL influence on other kind cells during OTM and to 
study the co-localization of death and decoy TRAIL re- 
ceptors on tension and compressive side, in order to ac- 
quire a global view of this process and to provide candi- 
dates for future study on this topic. 
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