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Effects of nano tantalum implants on inducing osteoblast
proliferation and differentiation
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Abstract. In the present study, we examined the effects of nano
tantalum (Ta) dental implants on inducing osteoblast prolifera-
tion and differentiation. The MG-63 osteoblasts were divided
into 3 groups after recovery, passage and storage: i) Osteoblast
culturing group (control group); ii) osteoblast and titanium (T1)
implant co-culturing group (Ti group); and iii) osteoblast and
Ta implant co-culturing group (Ta group). After 7 days, a
scanning electron microscope was used to observe the growth
status, number and morphological changes of the cells on the
surfaces of the materials. An MTT assay was used to detect
cell proliferation after culturing for 1, 3 and 7 days. ELISA
assay was used to detect the levels of alkaline phospha-
tase (ALP) after 1, 3 and 7 days. Western blot analysis was
used to detect the expression levels of collagen type I (Col-1)
and osteocalcin after 1,3 and 7 days. There was significant cell
spreading on the surfaces of Ti and of Ta after 7 days, flat and
with many pseudopodia. Additionally, there were more cell
components in the Ta group. Concurrently, cell proliferation
in the Ti and Ta groups increased. There was also an increase
in the level of ALP and the expression level of Col-1 over time.
The indexes of the Ta group were more apparent than those
of the Ti group at each time-point, and the differences were
statistically significant (p<0.05). In conclusion, compared with
Ti implants, Ta implants induced more osteoblast proliferation
and differentiation.

Introduction

Dental implants have become one of the most effective ways to
treat dental defects and repair dental system function (1). The
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key to success of dental implants and restoration is forming a
stable osseointegration between implants and bone interfaces,
namely, reliable physical and chemical bonding (2).

Titanium (Ti), with its excellent mechanical properties and
biocompatibility, is the most widely used implant material,
but it is biologically inert (3). After implantation, peripheral
tissues show a non-specific reaction and a random property (4).
It needs a long healing period to form a functional restoration.
As a new restoration material, nano tantalum (Ta) has been
confirmed as optimal for the proliferation, differentiation and
mineralization of osteoblasts (5). Nano structure is better for
the growth of the osteoblasts than a micron structure (6). By
analyzing the effects of Ta implants on inducing osteoblast
proliferation and differentiation, the current study lays a theo-
retical foundation for clinical application.

Materials and methods

Cell recovery, passage and preservation. Supplies included
MG-63 osteoblasts (Cell Bank of Chinese Academy of
Science, Shanghai, China), 0.25% trypsin (Gibco Services,
Inc., Amarillo, TX, USA) and Dulbecco's modified Eagle's
medium (DMEM) culture medium containing double-anti-
body, 10% calf serum and NaHCO; (Gibco Services, Inc.). We
also used micropipettes (Gilson, Inc., Villiers-le-Bel, France),
an HB2460 super-clean bench, Micro Centaur desk centrifuge
(MSE Limited, London, England) and a phase contrast micro-
scope (Nikon, Tokyo, Japan). The cells were processed with
conventional recovery, passage and preservation.

Experimental grouping. Groups were divided into the
osteoblast culture group (the control group), osteoblast and
Ti implant co-culture group (Ti group), and osteoblast and
Ta implant co-culture group (Ta group). A grade 4 commer-
cially pure Ti sheet of 10x1.5 mm (Baoji Lihua Non-ferrous
Metals Co., Ltd., Baoji, China) and a Ta sheet of 10x1.5 mm
(Zimmer Biomet, Warsaw, IN, USA) were used for treat-
ments. A pre-treatment and heat treatment of Ti and Ta sheets
were performed. Anodic oxidation under 10 V for 2 h was
conducted. A concentration of MG-63 osteoblasts was regu-
lated to 2.5x10%/ml. A cell suspension of 1 ml was added into
separate wells and placed in a culture plate with 12 wells.
This was then cultured with conventional fetal bovine serum
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Table I. Cell proliferation (OD value).
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Groups 1 day 3 days 7 days F-value P-value
Control 0.09+0.02 0.10+0.03 0.10+£0.04 0.532 0.685
Ti 0.25+0.06 0.36+0.08 0.42+0.10 5.324 0.036
Ta 0.33+0.09 0.42+0.12 0.48+0.13 5.865 0.030
F-value 5.754 5.968 6.230

P-value 0.031 0.028 0.025

OD, optical density; Ti, titanium; Ta, tantalum.

DMEM culture medium and incubated in a CO, incubator.
The culture medium was changed every 2 days.

Cell growth on the material surface. We used 25% glutaric
acid to fix samples washed with phosphate-buffered
saline (PBS). These were then dehydrated with gradient
alcohol and desiccated to a critical point before being sprayed
on a vacuum surface. Growth, quantities and morphological
changes of cells on the material surface were observed
through a scanning electron microscope (SEM) (Olympus,
Tokyo, Japan).

Cell proliferation at 1, 3 and 7 days tested by 3-(4,5-dimeth-
yithiazolyl-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
method. We added MTT solution into the well of the 12-well
plate (5 mg/ml) with 20 ul/well. The samples were incubated
at 37°C for 4 h, followed by terminating the culture. The super-
natant was discarded without destroying the blue crystal layer
attached to the material surface. Dimethyl sulfoxide of 150 ul
was added into each well and placed at 25°C. The material was
oscillated for 20 min until the crystals were fully dissolved.
The material was placed into a 96-well plate, with zero modu-
lation in distilled water. A selected wavelength of 490 nm on
an ELISA reader (PerkinElmer, Inc., Waltham, MA, USA)
was used to determine the value of light absorption [optical
density (OD) value]. We measured 5 wells/group and took the
mean values of each one.

Alkaline phosphatase (ALP) level at 1, 3 and 7 days tested
by ELISA method. We transferred samples of various groups
into a new 24-well plate, using 0.01 mol/l PBS to wash 3 times
and drain. We then added 50 pl Triton X-100 (1 g/I) into each
well, leaving it overnight at 4°C after repeated pipetting. A
substrate in ALP kits was added at 100 pl/well. The material
was placed in an incubator for 30 min at 37°C before adding
0.2 mol/l NaOH of 50 pl to terminate the reaction. A selected
wavelength of A410 nm on an ELISA reader was used to test
the OD value and take the mean value.

Expression level of type I collagen protein (Col-1) and osteo-
calcin at 1, 3 and 7 days tested by western blot analysis. We
added RIPA lysate and PMSF liquid into cells and set the
material on ice for 10 min. Ultrasonic focalization decomposi-
tion was performed for 1 min at 4°C with 12,000 x g of liquid
centrifuge for 15 min. A test concentration of protein through
Bradford colorimetry was attained and preserved at -20°C

for inspection. We added 5X SDS loading buffer into each
protein sample proportionally before heating for 5 min at 95°C
and 12,000 x g centrifuging for 2 min. After absorbing the
supernatant and adding the gel-like substance to each well,
we developed a regulated protein concentration of 20 ul/well.
We added 10 pl pre-stained protein molecular weight marker
into one of the wells and applied electrophoresis for 30 min
under 40 V with a vertical protein electrophoresis apparatus
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). A separa-
tion gel was added when reaching a dye strip, and the voltage
was changed to 60 V. Electrophoresis was continued for
60 min under constant voltage until bromine phenol blue
rose to the bottom of the gel. At this point, we turned off
the power. Conventional transmembrane channels and the
PVDF membrane were sealed. Rabbit polyclonal anti-Col-1
antibody (cat. no. sc-59772; dilution, 1:500), rabbit monoclonal
osteocalcin antibody (cat. no. sc-376726; dilution, 1:500) and
rabbit polyclonal B-actin (cat. no. sc-47778; dilution, 1:500)
(all from Santa Cruz Biotechnology, Inc., Santa Cruz, CA,
USA) were added into a hybrid bag. The material was oscil-
lated and incubated overnight at 4°C, then washed with PBS
for 10 min x 5 times. A diluted secondary antibody labeled
with HRP with blocking solution in proportion of 1:5,000
was added and oscillated for 1 h before being washed with
PBS for 10 min x 5 times Pierce ECL kits (Thermo Fisher
Scientific, Inc., Waltham, MA, USA) and Image-Pro Plus soft-
ware (Media Cybernetics, Rockville, MD, USA) were used to
develop, expose, photograph and analyze the material.

Statistical analysis. SPSS 20.0 (IBM SPSS, Armonk, NY,
USA) was used for statistical analysis. Measurement data are
expressed as mean + standard deviation, with comparisons
among groups analyzed by a one-way ANOVA comparison
through LSD between two groups. A comparison within
groups was analyzed by variance of repeated measurement
data. p<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Cell growth on the material surface. Cells on the material
surface of the control group were insignificant 7 days after
culture. The cells bulged and were cord-like. Many cells
stretched on the Ti and Ta sheet surfaces and presented a flat
shape, with many pseudopodia. However, more cells were
produced on the Ta sheet (Table I).
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Table II. Expression level of Col-1 and osteocalcin.
Col-1 Osteocalcin

Groups 1 day 3 days 7days  F-value P-value 1 day 3 days 7 days F-value P-value
Control 0.06+£0.02 0.05+0.02 0.07+0.03 0.234 0.852 0.04+£0.02 0.03x0.02 0.05+0.02 0.316 0.765
Ti 0.25£0.06 0.28+0.10 0.32+0.12  5.233 0034 0.26+£0.09 030+0.12 0.34+£0.14 5.326 0.032
Ta 0.36+0.08 0.40+0.12 043+£0.14 5.754 0030 0.35£0.07 0.42+0.13 046+0.15 5.869 0.027
F-value 7.521 7.123 7.627 6.569 6.857 7.105
P-value 0013 0.015 0.013 0.025 0.021 0.013

Col-1, collagen type I; Ti, titanium; Ta, tantalum.

Figure 1. Cell growth on the material surface observed by SEM. (A) Control group; (B) Ti group; and (C) Ta group. SEM, scanning electron microscope;

Ti, titanium; Ta, tantalum.
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Figure 2. Comparison of ALP levels. ALP, alkaline phosphatase.

Cell proliferation. The proliferation of cells in the Ti and
Ta groups increased as time progressed. Furthermore, the cell
proliferation rate of the Ta group increased over time when
compared with the Ti group. The difference was statistically
significant (p<0.05) (Table I).

ALP level. The ALP levels of the Ti and Ta groups increased
as time progressed. The level in the Ta group was higher at
various times when compared with the Ti group. The differ-
ence was statistically significant (p<0.05) (Fig. 2).

Expression level of Col-1 and osteocalcin. The expression level
of Col-1 and osteocalcin of the Ti and Ta groups increased over

time. The level in the Ta group was higher at various times.
The difference was statistically significant (p<0.05) (Table II).

Discussion

Osteoblasts are the most important functional cells in the bone
remodeling process and are among the most active cells during
the formation of the implant-bone interface. Maturely differ-
entiated osteoblasts secrete collagen and non-collagenous
proteins in bone matrix, and the cytoplasm is basophilic (7).
Those secretions can be synthesized as membrane-bound ALP,
which are related to mineralization (8). Basophilic cytoplasm
can be released by phospholipid phosphatidylinositol-specific
phospholipase C, which may be related to transmembrane
signal pathways (9). Osteocalcin is the main non-collagenous
protein in the bone matrix and is now considered as a mark of
the latest expression in the osteoblasts (10).

Findlay et al compared the effects of Ta, Ti, cobalt chrome
and plastic products for culturing use on osteoblasts (11). On
day 3 of our study, osteoblast proliferation in the plastic prod-
ucts was slightly faster than that in Ta. On day 7, the Ta group
was superior to other material groups in terms of either the
absolute number or division number of cells, but there was no
difference in mRNA expression, osteoblast activity and miner-
alization extent. This suggested that Ta was a good substance
for attachment, development and differentiation of osteoblasts.
It also was suitable for the proliferation of osteoblasts, not
significantly different from the plastic articles (which are
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usually taken as a BenchMark). Sakai er al tested the influ-
ence of 14 kinds of metals and a non-metallic substance on the
in vitro viability of osteoblast-like cells (12). The study found
that the influence of cells on particles depended on the direct
action between particles and cells, indirect action of dissolved
ions and the type of particle elements. The cytotoxicity of
Ta particles (<44 pm) and their extractives were low. When
cells were co-cultured with Ta and other metal particles for
3 days, the cytotoxicity was lower than that of the control
group. However, it was similar to the control group on day 6,
which illustrated that cells could be restored and proliferated
after the first damage (13). Recent studies show that nanopar-
ticles in the body can induce autophagy, a double-edged sword.
Nanoparticles in normal cells could induce cytotoxicity, which
should be avoided. Conversely, nanoparticles can be used in
the treatment of disease in specific cells, such as for neurode-
generative diseases, including Parkinson's disease (14).

There was abundant cell spreading on the surfaces of
the Ti and Ta sheets after 7 days, with flat cells and many
pseudopodia. Additionally, there were more cell components
in the Ta group. Concurrently, cell proliferation in the Ti and
Ta groups increased. The level of ALP and the expression
level of Col-1 and osteocalcin also increased over time. The
indexes of the Ta group were more apparent than those of
the Ti group at each time-point, and the differences were
statistically significant (p<0.05). In conclusion, the nano Ti
implants resulted in improved proliferation and differentia-
tion of osteoblasts.
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