
Copyright © 2020 Marmara University Press
DOI: 10.33808/clinexphealthsci.709924

Clin Exp Health Sci 2020; 10: 153-162
ISSN:2459-1459

Clinical and Experimental 
Health Sciences

 
ABSTRACT
Objective: Tideglusib is a GSK-3 inhibitor activating Wnt/β-catenin signaling pathway which has significant importance in regenerative response. 
The aim of this study was to evaluate the cytotoxicity and protein expression impacts of Tideglusib on human periodontal cell lines.

Methods: Cytotoxicity effect of different concentrations (50nM, 100nM, 200nM) of Tideglusib application on human gingival fibroblast (hGF), 
periodontal ligament fibroblast (hPDLF), and osteoblast (hOB) cell lines was determined. Type-I and III collagen expressions were evaluated 
after 24-hour application of 50nM Tideglusib.

Results: The cytotoxicity of 200nM Tideglusib was higher in hGF and hOB (p<0.05), but no difference was found in hPDLF compared to the 
respective control group (p>0.05). The hGF and hOB treated with 50nM Tideglusib expressed an increased level of Type-I collagen (p<0.05), but 
no difference was detected in the hPDLF compared to the respective control (p>0.05). Type-III collagen expressions were similar between the 
test and control groups for each cell line (p>0.05).

Conclusion: Tideglusib is not cytotoxic at 50nM and 100nM concentrations and may have positive effect on bone regeneration rather than 
periodontal regeneration since it stimulated Type-I collagen production in hGF and hOB cells, but not in hPDLF.
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Cytotoxicity and Collagen Expression Effects of Tideglusib 
Administration on Human Periodontal Cells: An In-Vitro Study

1. INTRODUCTION

Periodontal diseases are inflammatory diseases leading 
to progressive loss of tooth supporting structures (1). 
Conventional periodontal therapies utilized for the 
treatment of advanced periodontal diseases usually result 
in the formation of long junctional epithelium with a quality 
of repair (2). However, nowadays a complete regeneration is 
aimed, and new alveolar bone, cementum and periodontal 
ligament lost by disease are attempted to be established 
to their original structure and function using regenerative 
periodontal procedures. Although several materials have 
been tested, so far, none of them succeeded to accomplish 
complete regeneration (3).

Reformative responses of an organism include various 
signaling pathway activation cascades both in embryonic and 
adulthood periods. The activation of Wnt signaling pathway 
(WSP), one of the marked trails in the organisms, represents 
an early response to tissue damage and is required for the 
stimulation of cellular-based repair in all tissues (4). Wnt 

signaling mechanism can be in either active or inactive state. 
Following binding of the Wnt protein to cellular receptors, 
glycogen synthase kinase-3 (GSK-3) molecule which has great 
importance in regulating cell division cycle, is inhibited after 
a series of phosphorylation. Then, the transcription of the 
target genes of WSP begins. This stimulation plays a crucial 
role in proliferation, cell cycle and differentiation activities 
of the cells. Transcription of the target genes of signaling 
pathway is suppressed when Wnt does not bind to the cellular 
receptors (5). Several studies have shown that reduction in 
Wnt signaling causes bone loss and reduces regenerative 
capacity (6, 7). If the Wnt signaling is inhibited in the skeleton 
after fracture, due to the decline in the proliferation and 
earlier differentiation of skeletal stem and progenitor cells, 
non-fused bone appears (8). WSP activation leads to the 
proliferation of osteoblasts and fibroblasts resulting in the 
improvement of the parameters related to bone growth (9). 
In mammals, the healing of skin injuries usually ends with 
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scar tissue, but when the WSP is activated, a fully functional 
epidermis can be achieved (10). Systemic use of Wnt agonist 
R-spondin has been shown to induce mucosal regeneration 
in oral mucositis seen after chemotherapy (11). Irregular 
anatomical formations were observed after the inhibition of 
WSP in planarians possessing a high regenerative capacity 
(12). Similarly, healthy fin regeneration was impaired 
due to the inhibition of Wnt signaling in zebrafish (13). 
Moreover, inhibition of WSPs in animals having continuous 
retinal regeneration capacity results in interruption of their 
capability (14).

Current knowledge about the role of WSP on the development 
and maintenance of the periodontium is limited (15-
18). It was observed that root development discontinued 
in Wnt signaling inactivated mice (18). WSP-modulated 
mesenchymal mice odontoblast and cementoblast cells by 
persistent stabilization of ß-catenin have been shown to 
lead excessive dentin and cementum formation, and this 
finding was interpreted as Wnt signaling cascade might have 
therapeutic regenerative potential (15, 17, 19). However, 
Nemoto et al. (20) established that the proliferation of 
cementoblast cells was supported by WSP activation. 
Furthermore, activation of the WSP has been reported 
to play an active role in cementoblast differentiation and 
cementum regeneration in rat periodontal defect model, and 
in in-vitro studies of human periodontal ligament cells (9, 17, 
21). In another study, it has been shown that lithium ions, 
known as activators of the WSP, increase the proliferation 
and differentiation of periodontal ligament cells after their 
release from bioactive scaffolds (9). Rooker et al. (17) found 
that the number of cells responding to the WSP was higher 
in the regions with increased proliferation of periodontal 
ligament cells. It is well-known that Wnt signaling plays a 
role in both osteoblast differentiation and proliferation, 
as well (22). A noteworthy increase in bone growth was 
observed in Wnt signaling activated mice (23). Popelut et 
al. (24) demonstrated that WSP activation might have a 
positive effect on implant osseointegration by enhancement 
of osteoblast activity, inhibition of osteoclast activity or 
differentiation of pluripotent stem cells.

Pharmacological inhibitors of GSK-3 are thought to be 
helpful in several areas such as Alzheimer’s disease, some 
neurodegenerative diseases, Type-2 diabetes mellitus, 
cancer, psychiatric diseases and regenerative medicine (25). 
In an animal experimental periodontitis study, intraperitoneal 
administration of GSK-3 inhibitor was found to inhibit 
bone loss, suppress systemic cytokine response, local 
neutrophil infiltration and IL-17 expression (26). So far, many 
GSK-3 inhibitors including lithium, arylindolemaleimides, 
amino thiazoles, halomethylketone derivatives and 
thiadiazolidinones have been developed and shown to be 
applicable (26). Tideglusib belongs to the thiadiazolidinones 
group drug which acts as a non-ATP competitive GSK-3 
inhibitor assessed in phase-II clinical trials on a small-scale of 
subjects with Alzheimer disease since 2015. In a recent study, 
interestingly, Tideglusib was found to support the process of 

natural and functional reparative dentin formation in mice 
teeth with deep decays (4).

Under the light of these evidences, it was hypothesized that 
periodontal regeneration might be obtained by the use of 
Tideglusib to activate the WSP. Therefore, the aim of this 
study was to evaluate the effects of Tideglusib on human 
gingival fibroblast (hGF), periodontal ligament fibroblast 
(hPDLF), and osteoblast (hOB) cell lines pointing to assess the 
potential efficacy of Tideglusib in periodontal regeneration by 
measuring the cytotoxicity and proliferation levels together 
with Type-I and III collagen expression in these cells.

2. METHODS

2.1. Study Plan

hGF (Catalog no: CRL-2014, ATCC®, USA), hPDLF (Catalog 
no: CC-7049, Lonza, Switzerland) and hOB (Catalog no: CRL-
11372, ATCC®, USA.) cell lines were used to investigate the 
effects of Tideglusib administration. In the first stage of the 
study, MultiTox-Fluor Multiplex Cytotoxicity Test (Catalog no: 
G9200, Promega, USA) was applied to examine the effect 
of different Tideglusib concentrations on proliferation and 
cytotoxicity of the cells at the end of 24 hours. In the second 
stage, a common non-toxic dose of Tideglusib was determined 
and applied to all cell lines for 24 hours to investigate Type-I 
and Type-III collagen expressions evaluated by Western blot 
analysis. In accordance with this study plan, the cells treated 
with Tideglusib were designated as the test group, while the 
cells without Tideglusib served as the negative control group.

2.2. Cell Culture

Cells stored at – 1520C were allowed to thaw rapidly and 
centrifuged in 10 ml medium at 1300 rpm for 5 minutes. 
After the supernatant was removed, the pellet was 
resuspended and plated into media containing flasks. hGF 
cells were cultured in Dulbecco’s Modified Eagle Medium 
(DMEM) (Catalog no: SLM-241-B, Sigma-Aldrich, Germany) 
supplemented with 10% fetal bovine serum (FBS) (Catalog 
no: 16000-036, GibcoTM, Thermo Fisher Scientific, USA), 
2 mM sodium pyruvate, 1% L-glutamine (Catalog no: 
W368401, Sigma-Aldrich, Germany), high glucose, sodium 
bicarbonate and 0.1% amphotericin/gentamycin. Also, 
0.1% fibroblast growth factor and 0.1% insulin-like growth 
factor were added to the culture medium for hPDLF cells. 
hOB cells were cultured in DMEM (Catalog no: P04-01549, 
Pan-Biotech, Germany) and DMEM/F12 (Catalog no: P04-
41500, Pan BioTech, Germany) medium containing medium 
appended with 10% FBS, 1% L-glutamine (500µl) and 0.1% 
amphotericin/gentamicin.

Cells were incubated in medium in a humid environment 
with 5% CO2 at 370C, and cell proliferation was monitored 
for 24 hours. Cell passages with a confluence of 70% in the 
flasks were washed three times with phosphate-buffered 
saline (PBS) (Catalog no: P5493, Sigma-Aldrich, Germany) 
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and incubated with trypsin-EDTA (Catalog no: P10-0235SP, 
Pan-Biotech, Germany) at 37°C for 5 minutes. Following the 
end of the trypsinization, cells were centrifuged at 1300 rpm 
for 5 minutes and resuspended with the medium according 
to the pellet amount. In order to determine the cell count, 
10µl cell suspension was mixed with 10µl trypan blue. Cells 
were counted at 10X magnification in the light microscope 
(ZEISS Primovert, Germany). The cells stained with trypan 
blue were regarded as dead, whereas, the non-staineds as 
alive. The number of cells per ml was calculated according 
to the following formula (Cell count/ml=Mean count value X 
dilution factor X 104 X 2).

2.3. Viability and Cytotoxicity Assays

MultiTox-Fluor Multiplex Cytotoxicity Test was used to 
investigate Tideglusib’s biocompatibility and was repeated 
three times for each cell Type. Two protease activities 
were measured in order to determine the cell viability and 
cytotoxicity in this experiment. For the determination of 
cell viability, 100µl of cell suspension containing 5 000 cells 
was added to each well and incubated for 24 hours. After 
incubation, 50 nM, 100 nM and 200 nM Tideglusib (Catalog 
no: SML0339-50MG, Sigma-Aldrich, Germany) dissolved in 
dimethyl sulfoxide was applied to the test groups while the 
cells without Tideglusib served as negative control groups. 
At the end of 24 hours, 50µl of GF-AFC reagent was added to 
all wells for the viability test. Plates were orbitally mixed for 
5 minutes to ensure homogeneity and incubated at 370C for 
60 minutes. The plates were wrapped in aluminium foil and 
protected against light. The fluorescence was measured by 
the Multilabel Microplate Reader (EnSpire 2300 Multilabel 
Microplate Reader, Perkin Elmer, USA) with fluorescence of 
~400 nmEx/~505 nm wavelength.

For the cytotoxicity test, 50μl AAF-Glo™ reagent was added 
to all wells and incubated in the dark at room temperature 
for 15 minutes. The absorbance values read in the Multilabel 
Microplate Reader were used for determining viability and 
cytotoxicity scores and specified as percentages of viability 
and cytotoxicity.

2.4. Western Blotting

Protein expressions of periodontal cells were examined by 
Western blotting method 24 hours after administration of 
50 nM Tideglusib, which was selected as the non-cytotoxic 
and most viability supporting dose. After incubation, the 
medium was removed, the cells were washed with PBS 
followed by cell lysis buffer administration containing 20 

mM Tris-HCl pH 7.5, 150 mM NaCl, 1 mM Na2EDTA, 1 mM 
EGTA, 1% Triton, 2.5 mM sodium pyrophosphate, 1 mM 
beta glycerophosphate, 1 mM Na3VO4, 1 µg/ml leupeptin 
and 1 mM PMSF. Total protein extracts were separated by 
SDS-polyacrylamide gel electrophoresis and transferred to 
nitrocellulose membranes. Blots were blocked with 5% milk 
powder-tris buffered saline with tween 20 for 1 hour and 
incubated with polyclonal antibodies against Type-I collagen 
(Collagen I alpha 1 Antibody, Catalog no: 84336S, Cell Signaling 
Technology, USA) and Type-III collagen (Collagen III alpha 1 
Antibody, Catalog no: NBP2-3332, Novus Biologicals, USA). 
The membrane was incubated with chemiluminescence kit 
(Western blotting luminol reagent, Santa Cruz Biotechnology, 
USA) in dark medium for 1 minute. The resulting radiation 
(ChemiDoc™ MP, Bio-Rad, USA) was displayed, and the 
density of the protein bands was calculated. The experiment 
was performed with four replicates for all cell types.

2.5. Statistical Analysis

The data were analyzed by using the Statistical Package for 
Social Sciences package program (SPSS for Windows, Release 
25.0, IBM Inc., USA). Descriptive statistics are shown as 
mean±standard deviation, median, minimum and maximum. 
Data distribution was evaluated with Kolmogorov-Smirnov 
test. Kruskal-Wallis test was used to compare the variables 
that did not show normal distribution. Mann-Whitney U test 
was used for paired comparisons. The results were interpreted 
with Bonferroni correction. Statistical significance was set as 
p<0.05 level.

3. RESULTS

3.1. The Effect of Tideglusib Administration on Cellular 
Viability and Cytotoxicity

Table 1 shows the viability results of different concentrations 
of Tideglusib administration in all cell groups for 24 hours. 
Viability result of Tideglusib on hGF cells revealed no 
significant difference among the control and test groups 
(Table 1). On the other hand, there was a significant 
difference among the control and different concentrations 
of Tideglusib administrations in terms of viability effect on 
hPdlf cells (p=0.022) (Table 1). 200 nM Tideglusib decreased 
the viability significantly compared to the 50 nM Tideglusib 
application to hPDLF cells (p=0.037) (Table 1). The viability of 
hOB cells showed no significant difference for all administered 
concentrations (Table 1).
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Table 2 shows the comparison of cytotoxicity values of all cell 
lines after 24-hour administration of Tideglusib at 50 nM, 100 
nM and 200 nM concentrations. Comparisons of the test and 
control groups in each cell line revealed significant cytotoxicity 
effect of Tideglusib in hGF (p=0.015), hPDLF (p=0.023) and 
hOB cells (p=0.015) (Table 2). However, paired comparisons 
demonstrated no significant differences between the test and 
control groups in hPDLF when post-hoc Bonferroni correction 
was applied (p>0.05). In the paired comparisons, the cytotoxic 
effects of 200 nM Tideglusib in the hGF and hOB cells were 
significantly higher compared to respective control groups 
(p=0.012, p=0.012, respectively) (Table 2).

3.2. The Effect of Tideglusib Administration on Type-I And 
Type-III Collagen Expression

Following administration of 50 nM Tideglusib onto the 
hGF cells, Type-I collagen expression in the test group was 
significantly higher than the control group (p=0.029) (Figure 
1) (Table 3). There was no significant difference between 
the test and control groups in terms of Type-I collagen 
expression in the hPdlf cells (p>0.05) (Figure 1) (Table 3), 
Type-I collagen expression increased significantly in the test 
group compared to the control in the hOB cells (p=0.029). 
(Figure 1), (Table 3).

Table 1. Comparison of viability among different concentrations of Tideglusib administration in all cell groups.
Tideglusib Concentration

w 0 nM 50 nM 100 nM 200 nM p*

hG
F 

(%
)

N 3 3 3 3

0.639Mean±SD 100.00±0.00 134.60±61.63 130.13±60.20 124.08±63.64

Median 100.00 100.86 100.24 91.33

Minimum 100.00 97.20 90.73 83.49

Maximum 100.00 205.74 199.44 197.44

hP
DL

F 
(%

)

N 3 3 3 3

0.022Mean±SD 100.00±0.00 107.51±6.23 105.02±2.36 97.63±1.68†

Median 100.00 110.93 105.11 97.63

Minimum 100.00 100.32 102.62 95.95

Maximum 100.00 111.30 107.35 99.32

hO
B 

(%
)

N 3 3 3 3

0.264Mean±SD 100.00±0.00 115.77±3.20 110.28±25.34 101.98±8.90

Median 100.00 114.16 123.81 103.10

Minimum 100.00 113.69 81.04 92.57

Maximum 100.00 119.46 126.00 110.27

SD: Standard deviation, *Kruskal Wallis test, p<0.05, † Different from 50 nM Tideglusib administration, Mann Whitney-U Test with post-hoc Bonferroni 
correction, p=0.037
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Table 2. Comparison of cytotoxicity among different concentrations of Tideglusib administration in all cell groups.

Tideglusib Concentration (nM)

0 nM 50 nM 100 nM 200 nM p*

hG
F 

(%
)

N 3 3 3 3

0.015Mean±SD 0.00±0.00 1780.30±203.33 2342.23±82.75 3329.18±564.40†

Median 0.00 1816.17 2306.95 3290.34

Minimum 0.00 1561.43 2282.97 2785.20

Maximum 0.00 1963.32 2436.78 3912.0

hP
DL

F 
(%

)

N 3 3 3 3

0.023Mean±SD 0.00±0.00 1671.58±444.85 5029.05±3326.79 4782.91±2640.26

Median 0.00 1924.64 4350.70 4393.20

Minimum 0.00 1157.93 2093.71 2359.18

Maximum 0.00 1932.18 8642.74 7596.38

hO
B 

(%
)

N 3 3 3 3

0.015Mean±SD 0.00±0.00 157.86±48.83 265.88±25.64 378.85±131.29†

Median 0.00 130.30 254.40 310.56

Minimum 0.00 129.05 247.99 295.79

Maximum 0.00 214.25 295.26 530.22

SD: Standart deviation, *Kruskal Wallis Test, p<0.05,†Different from the control group, Mann Whitney-U Test with post-hoc Bonferroni correction, p=0.012.

Table 3. Type-I collagen expression in all cell groups after 50 nM Tideglusib administration.
Tideglusib 

 (nM)
hGF 

(Type-I Collagen/GAPDH)
hPDLF 

(Type-I Collagen/GAPDH)
hOB 

(Type-I Collagen/GAPDH)

Co
nt

ro
l

N 4 4 4

Mean±SD 1.57±0.09 0.11±0.03 0.06±0.02

Median 1.56 0.12 0.06

Minimum 1.47 0.07 0.03

Maximum 1.70 0.14 0.09

50
 n

M

N 4 4 4

Mean±SD 2.43±0.30 0.19±0.12 0.16±0.06

Median 2.55 0.15 0.15

Minimum 1.98 0.10 0.09

Maximum 2.66 0.39 0.26

p* 0.029 0.343 0.029

SD: Standard deviation. *Mann Whitney-U Test with post-hoc Bonferroni correction. p<0.05.

Type-III collagen expression analysis revealed no statistically 
significant difference between the test and control groups 

after 24 hours of 50 nM Tideglusib administration onto each 
cell line (p>0.05) (Figure 1) (Table 4).
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4. DISCUSSION

WSP activation is known as an early response to the natural 
repair mechanism against tissue damage in mammals (4). 
Therefore, the main target in repair/regeneration is WSP 
stimulation via several different conducts, one of which 
is GSK inhibition. Tideglusib is a small molecule GSK-3 
inhibitor which is efficient in reparative dentin formation, 
osteoblast proliferation and tissue repair (4). In this study, 
the influence of Tideglusib on periodontal cells in terms of 
cytotoxicity, viability and Type-I and III collagen expressions 
were investigated in order to clarify any potential role of this 
molecule in periodontal regeneration. This is the first study 
evaluating the response of periodontal cells treated with 
Tideglusib.

MultiTox assay protocol was applied to investigate the 
cytotoxicity and proliferation outcomes of Tideglusib on 
human periodontal cell lines. These tests are performed 
by the separation of live and dead cells based on protease 
and esterase activity (27). Since protease substrates do not 
disrupt cell viability throughout the experimental period, 
this assay can be repeated several times, unlike other dye 
exclusion (27). It is also possible to measure the number of 
both live and dead cells at the same time. Although other 
luminescence-based cytotoxicity tests without causing cell 
destruction are also available in the fields of toxicology and 
pharmacology, the stability of the tests mentioned above is 
relatively low as well as the half-life of the luciferase signals 
is short (27).

Figure 1. Representative Western blot images of all cell types. Immunoblotting for glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
(bottom panel) showed equal loading of the proteins in each lane. Bands were normalized to glyceraldehyde-3-phosphate dehydrogenase by 
densitometry.

Table 4. Type-III collagen expression in all cell groups after 50 nM Tideglusib administration.
Tideglusib 

 (nM)
hGF 

(Type-III Collagen/GAPDH)
hPDLF 

(Type-III Collagen/GAPDH)
hOB 

(Type-III Collagen/GAPDH)

Co
nt

ro
l

N 4 4 4

Mean±SD 0.03±0.01 0.24±0.07 0.81±0.32

Median 0.03 0.25 0.73

Minimum 0.02 0.15 0.54

Maximum 0.05 0.33 1.24

50
 n

M

N 4 4 4

Mean±SD 0.06±0.02 0.18±0.09 0.78±0.24

Median 0.07 0.15 0.72

Minimum 0.03 0.12 0.57

Maximum 0.08 0.33 1.12

p* 0.20 0.34 1.00

SD: Standard deviation. *Mann Whitney-U Test with post-hoc Bonferroni correction. p<0.05.
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The periods in which cellular responses are intended to be 
evaluated in cell culture studies may vary according to the 
study plan. Osteoblast activity may be assessed either short-
term or long-term ranging from 15 minutes to 60 hours (28-
30), whereas 24-hour and 72-hour incubation periods were 
appraised in studies concerned with fibroblast activity (31). 
In this study, a 24-hour incubation period was performed as 
suggested by Kim et al. (32) and Scotchford et al. (33)

A recent study of Neves et al. (4) suggesting Tideglusib 
stimulated the renewal of living stem cells in tooth pulp 
inspired the concentrations used in our study. Different 
concentrations of Tideglusib (50 nM, 100 nM and 200 
nM) were used for cytotoxicity and proliferation assays 
in this study. Cytotoxicity increased significantly after 24 
hours administration of 200 nM Tideglusib in the hGF cells 
(p=0.012). In the proliferation experiment, there was no 
significant increase in the test groups compared to the 
control group. Some studies in the literature demonstrated 
that WSP activation causes fibrosis by increasing fibroblast 
activation and proliferation (34, 35). It has been shown 
that Wnt activation can lead to increased proliferation of 
lung fibroblasts, increased differentiation of fibroblasts to 
myofibroblasts together with increased myofibroblast count 
(36). Hamburg et al. (37) reported that continuous activation 
of β-catenin, a cytosolic protein that has been associated 
with numerous biological tasks utilizing a transcriptional 
co-activator in the WSP, may cause fibrosis depending on 
its enhancing result in the number of dermal fibroblasts. In 
contrast to these studies, Wnt activation and GSK-3 inhibition 
have been shown to decrease gingival growth by decreasing 
TGF-β1 expression in gingival fibroblasts (38). In our study for 
the first time, Tideglusib did not exert any proliferative effect 
on hGF cells.

The cytotoxicity and proliferation effects of Tideglusib on 
hPDLF cells were also evaluated in this study. Rooker et al. 
(17) found in their immunohistochemical study that the Wnt 
signaling response was higher in the proliferation areas in 
the periodontal ligament, however, so far no study exists in 
the literature investigating the impact of Tideglusib on hPDLF 
cells. Han et al. (9) showed that the proliferation of hPDLF 
cells increased compared to the control group when lithium, 
as a WSP activator, was applied. In our study, no significant 
difference was found between the test groups and the 
control group (p>0.05). While our result does not correlate 
with the previous studies (9, 17) investigating the influence of 
WSP activation on hPDLF cells using Wnt modulators such as 
lithium or Dickkopf molecules, this is the first study to asses 
the effect of Tideglusib as a WSP activator, and therefore, it 
may be necessary to evaluate the impact of Tideglusib on 
hPDLF cells for more extended periods of time.

While Tideglusib application did not demonstrate any upshot 
on the proliferation of hOB cells, the cytotoxicity of hOB cells 
increased compared to the control group after the use of 200 
nM Tideglusib (p=0.012). Morvan et al. (39) observed raised 
proliferative impression on the osteoblasts of WSP induced 
mice. Babij et al. (23) stated that when the WSP is activated, 

there will be an increase in bone mass since the number of 
osteoblasts enhanced. Caetano-Lopes et al. (40) reported that 
activation of the WSP is a factor in osteoblast differentiation 
and proliferation. Moreover, Westendorf et al. (22) and Lerner 
et al. (41) have shown that WSP plays a critical role in the 
trabecular and cortical bone mechanism, but so far there are 
no studies published on the effect of Tideglusib on osteoblast 
cells. In the present study, osteoblast proliferation was not 
affected by WSP activation initiated with Tideglusib, which 
is a new promising molecule with its intriguing theraupeutic 
efficiency. Further detailed and comprehensive studies are 
needed to clarify the consequence of WSP activation on 
osteoblast cells through different pathways.

Based on the findings of cytotoxicity and proliferation assays, 
the non-cytotoxic dose of Tideglusib that supports the viability 
was determined as 50 nM, which was further used for Type-I 
and Type-III collagen experiments. Type-I collagen is the main 
component of connective tissues such as gingiva, periodontal 
ligament, dentin, cementum and bone. Also, Type-I collagen 
is considered as a marker for osteoblast differentiation (42). 
Type-III collagen exists in the gingiva, periodontal ligament, 
cementum, skin, blood vessels, fetal tissues and plays an 
essential role in collagen production/destruction mechanism 
(43). Type-III collagen provides tissue resistance at the early 
stages of healing and leaves its place to Type-I collagen as the 
healing is complete (43). However, there is a limited number 
of studies evaluating protein expression associated with the 
WSP. Minear et al. (6) created a biochemical approach to 
increase the duration and strength of Wnt signaling at the 
sites of the skeletal wound and demonstrated that Type-I 
collagen appeared faster in the wound area of WSP activated 
mutant mice as a result of more vigorous proliferation and 
earlier differentiation of skeletal stem/progenitor cells. 
Xiang et al. (44) established a significant decrease in Type-I 
collagen expression from cardiac fibroblasts of mice having 
a genetic deficiency of β-catenin molecule. In the light of 
these studies, Type-I and Type-III collagens were chosen as 
common proteins for three cell lines to examine the potential 
regenerative capacity of Tideglusib in our research.

After administration of 50 nM Tideglusib to the hGF cell line, 
Type-I collagen level was detected to increase significantly 
compared to the control group (p=0.029). Roh et al. (45) 
hypothesized that the stabilization of β-catenin molecule 
which exhibits regulatory properties on target gene 
expression for regeneration/repair after its translocation 
to the cell nucleus and has a manner of central transducer 
property for the WSP in fibroblasts might have a positive 
influence on Type-I collagen synthesis. They reported higher 
Type-I collagen expression in keloid tissue fibroblasts, 
presenting elevated fibrotic activity compared to the 
normal dermal fibroblasts. Similarly, improved expression 
of Type-I collagen was observed in the liver fibroblasts of 
WSP activated mice (46, 47). Moreover, Bergmann et al. (34) 
demonstrated that after inhibition of GSK-3 aiming to activate 
WSP, a significant upsurge in Type-I collagen expression was 
displayed in cultured mice dermal fibroblasts. Svegliati et al. 
(48) confirmed an escalation in the amount of Type-I collagen 
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expression in conjunction with WSP activation by fibroblasts 
causing fibrosis in the punch biopsies of systemic sclerosis 
patients. Our result that a rise in Type-I collagen level was 
observed in hGF cells was found to be compatible with the 
studies performed with other Types of fibroblast cells in the 
literature (34, 46-48).

On the contrary, hPDLF cells treated with Tideglusib 
expressed a similar level of Type-I collagen as the control cells 
(p>0.05). This finding is not parallel to the previous studies 
showing that Wnt signaling activation stimulates Type-I 
collagen expression in dermal, cardiac and liver fibroblasts 
(34, 45, 46). Nevertheless, the collagen expression in hPDLF 
cells treated with Tideglusib has not been investigated so far 
according to our knowledge. There is, however, a prosperity 
of data concerning the role of Wnt signaling in mediating the 
behaviours of other types of stem cells (17).

Besides mineralized nodule formation, expressions of Type-I 
collagen, alkaline phosphatase, osteonectin and Runx2 were 
evaluated as bone formation markers in studies investigating 
the result of WSP activation on osteoblast cells (15, 24, 39). 
Type-I collagen exists abundantly both in the organic matrix of 
gingiva and bone tissues (42, 47). In our study, as a common 
marker for both gingiva and bone tissues, Type-I collagen level 
was measured after the administration of 50 nM Tideglusib 
to the hOB cells and found significantly higher compared 
to the control group (p=0.029). Glass et al. (49) observed a 
significant increase in the bone mass accompanied by higher 
Type-I collagen expression in osteoblast cells of Wnt signaling 
activated mice. Kim et al. (15) presented higher Type-I 
collagen release and accelerated osteoblast differentiation 
together with Wnt signaling activation. Popelut et al. (24) 
examined the consequence of Wnt signaling activation on 
implant osseointegration and observed a substantial rise in 
Type-I collagen level after signal path stimulation. Activation 
of WSPs provides an escalation in bone mass and increases 
osteoblast activity, and the data revealed from our study may 
support the findings that Tideglusib may play a role in the 
intensification of bone mass.

There is a limited number of studies in the literature 
exploring the significance of WSP activation on Type-III 
collagen expression (45, 50). In our study, Type-III collagen 
expression was not statistically different between the test 
and control groups for each cell line. Similarly, Roh et al. (45) 
did not observe any sense of β-catenin stabilization on Type-
III collagen release in dermal fibrosis tissue fibroblasts. In 
contrast to the findings of our study and Roh et al. (45), Ge et 
al. (50) reported Type-III collagen increase in hepatic tissue 
fibrosis and decreased hepatic cell proliferation after the 
blockage of Wnt signaling. However, the differences in the 
methods applied and cell lines may explain this inconsistency.

In our study, 24-hour incubation with Tideglusib did not 
cause any change in Type-I collagen expression in the hPDLF 
cell. Similarly, Tideglusib did not stimulate Type-III collagen 
expression at 24 hours in any cell line. Short evaluation 
period may be considered as a limitation of our study. Protein 
expressions were evaluated in the cell culture studies at 

periods ranging from 24 hours to 72 hours (15, 24, 28, 31). 
Although, Popelut et al. (24) did not observe an upturn in 
the amount of collagen after 24-hour protein release test, 
they found a significant upsurge after 48 hours of evaluation. 
Therefore, it was concluded that more prolonged periods of 
time are needed to examine the influence of Tideglusib on 
periodontal cells.

5. CONCLUSION

It can be concluded that tideglusib molecule is not cytotoxic 
at 50 nM and 100 nM concentrations and may have a possible 
positive effect on bone regeneration rather than periodontal 
regeneration since it causes type-I collagen increase in hGF 
and hOB cells, but not in hPDLF. However, our study is the 
first to investigate the impact of tideglusib on periodontal 
cells. Further studies are warranted to examine a wide range 
of healing markers to provide a clearer view for screening the 
power of Tideglusib on periodontal regeneration.
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