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Effect of yttrium ion on the proliferation, differentiation and mineralization
function of primary mouse osteoblasts in vitro
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Abstract: A series of experimental methods including MTT test, alkaline phosphatase (ALP) activity measurement, oil red O stain and meas-
urement and mineralized function were employed to assess the effects of Y>* on the proliferation, differentiation, adipogenic transdifferentia-
tion and mineralization function of primary mouse osteoblasts (OBs) in vitro. The results indicated that Y** (1x107%, 1x107%, 1x107, 1x107,
1x107, and 1x107* mol/L) promoted the proliferation of OBs on day 1, 2 and 3. Y*" had no effect on the differentiation of OBs at concentra-
tions of 1x10~ and 1x1078 mol/L, promoted the differentiation of OBs at concentration of 1x 10”7 mol/L, but turned to inhibit the differentia-
tion of OBs at other tested concentrations on day 1. On day 2, Y*" inhibited the differentiation of OBs at all tested concentrations. On day 3,
Y promoted the differentiation of OBs at lower concentrations of 1x 10~ and 1x107 mol/L, but turned to inhibit the differentiation of OBs at
other concentrations. Y** promoted the adipocytic transdifferentiation of OBs at most tested concentrations on day 9 and 12. On day 15, Y**
promoted the adipocytic transdifferentiation of OBs at lower concentrations of 1x107? and 1x10°® mol/L, turned to inhibit at other tested con-
centrations. Y>* inhibited the formation of mineralized matrix nodules of OBs at concentrations of 1x10°, 1x1078 and 1x10° mol/L, but
turned to promote the formation of mineralized matrix nodules of OBs at other tested concentrations. These findings suggested that the effects
of Y** on the proliferation, differentiation, adipocytic transdifferentiation and mineralization function of primary OBs depended on the con-
centration and culture time, moreover, concentration and culture time were pivotal factors for switching the biological effects of Y** from

toxicity to activity, from damage to protection, or from down-regulation to up-regulation.
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In the whole life, bone remodeling occurs continuously to
maintain the normal bone mass. The loss of bone mass in
osteoporosis is due to an imbalance between the formation
and resorption of bone, which, in turn, depends on the inter-
actions between osteoblasts (OBs) and osteoclasts (OCs)!.
OBs stem from bone marrow stromal cells and are bone-
forming cells. The formation of bone involves a series of
complex events that include the proliferation and differentia-
tion of osteoprogenitor cells and result eventually in the
formation of a mineralized extracellular matrix”, OCs are
multinucleated cells that are responsible for bone resorp-
tion™. So OBs and OCs play important roles in the patho-
genesis of osteoporosis.

The biological properties of the lanthanides, based on their
similarity to calcium, have stimulated research into thera-
peutic application. Moreover, it was also found that they
could be enriched in bone and difficult to be ejected. Owing
to the similarities between rare earth ions and Ca®" in some
physical and chemical properties, it is likely that rare earth
elements affect bone cell function and intervene in
bone-remodeling process. Jha et al.”! found that Pr¢O;; and

Nd,O; exhibited a promoting bone-resorbing property in
mice. Quarles et al.” found that Gd** stimulated DNA syn-
thesis in MC3T3-E1 OBs in vitro in a dose-dependent fash-
jon. This was related to Gd*'-activated G-proteins in OB
membranes. Hartle et al.l”? found that Gd*" inhibited pros-
taglandin E. (PGE)-stimulated cyclic adenosine monophos-
phate (cAMP) accumulation, but potentiated parathyroid
hormone (PTH)-stimulated cAMP production. Zhang et al.!®
reported that La’* and Ga’* inhibited the proliferation of
primary mouse OBs at concentrations of 1x107°, 1x10°%,
1x107, 1x10°°, and 1x107° mol/L La*" at concentration of
1x10~ mol/L significantly increased the alkaline phosphate
(ALP) activity of primary mouse OBs up to 3-folds, however,
the effects reversed to inhibit at other concentrations. Ga®*
played a negative effect on ALP activity. Our experimental
results also demonstrated that the effects of Ln'(La**, Sm®”,
Er'", Nd**, G&" and Dy’") on OCs and UMR-106 cell line
depended their concentrations and species” '*). Wang et al.l'*!
reported that lanthanum ion enhanced OB differentiation via
pertussis toxin-sensitive gi protein and ERK signaling
pathway in vitro. Huang et al."* reported that lanthanum ion
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had effects on composition, crystal size, and lattice structure
of femur bone mineral of Wistar rats. Yttrium element has
been widely used in medical field"”. Some of the UltraCap
and nanocrystalline HA powders were doped with yttrium
because previous studies demonstrated that Y-doped HA in
bulk improved osteoblast function over undoped HA!"”. No
cytotoxicity has also been observed through Y,O; stabilized
zirconia used in animal studies!™. So far people did not
know how and what yttrium element affected the prolifera-
tion, differentiation, and mineralization function of primary
mouse OBs. In order to elucidate how Y* affect bone me-
tabolism at cell level, the effects of Y** on the proliferation,
differentiation and mineralization function of primary mouse
OBs were studied in this paper.

1 Experimental

1.1 Materials and reagents

Kunming (KM) mice were obtained from the Animal
Center of Hebei University. Dulbecco’s modified Eagle’s
medium (DMEM), trypsin and fetal bovine serum (FBS)
were purchased from Gibco. 3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyl-2H tetrazolium bromide (MTT), benzylpenicil-
lin, streptomycin, B-glycerphosphate, dexamethasone, ascor-
bic acid, collagen II, insulin, oil red O, alizarin red S (ARS),
and cetylpyridium chloride were from sigma. ALP activity
kit was obtained from Nanjing Jiancheng Biological Engi-
neering Institute (Nanjing, China), and micro-protein assay
kit was purchased from Beyotime Biotechnology (Haimen,
China). The YCl; was purchased from Beijing Institute of
Rare Earth Sci. & Tech. Co., Ltd..

1.2 Methods

1.2.1 Isolation and culture of primary OBs The mouse
OBs were isolated mechanically from newborn mouse skull
using a modification of the method previously reported!”.
Briefly, skull was dissected from KM mice, endosteum and
periosteum were stripped off, and then the bone was cut into
approximately 1-2 mm?” pieces and digested with trypsin
(2.5 g/L)) for 30 min. The bone was further digested with
collagenase II (1.0 g/L) twice with 1 h for each, and the cells
were collected. After incubating overnight at 37 °C, in a 5%
CO, humidified incubator, the DMEM was removed. Then
the medium was changed every 3 d in all experiments.

1.2.2 OB proliferation assay The protocol described by
Mosmann was followed by some modifications'*”. Briefly,
OBs (2x10* cells per well) were plated in 96-well culture
plates and cultured overnight at 37 °C, in a 5% CO, humidi-
fied incubator. Y** was then added to the wells at final con-
centrations of 1x107°, 1x10°%, 1x107, 1x10°%, 1107, and
1x10* mol/L. Control wells were prepared by addition of
DMEM. Wells containing DMEM without cells were used
as blanks. Wells containing NaF (1x10°° mol/L) without Y**
were used as positive control. Upon completion of the incu-
bation, MTT dye solution (20 pl, 5 mg/ml) was added. After

4 h incubation, the supernatant was removed and DMSO
(100 pl) was added. The optical density (OD) was measured
on a microplate spectrophotometer (BioRad Model 3550,
USA) at a wavelength of 570 nm. The proliferation rate (%)
was calculated according to the formula: [(ODyeatea—ODpjank)/
(OD¢ontroODpjani)—1)] x100%.

1.2.3  ALP activity assay OBs (2x10* cells per well) were
plated in 48-well culture plates, and treated with Y*" at final
concentrations of 1x107°, 1x10°%, 1x107, 1x10° 1x107,
and 1x10™* mol/L for 1, 2 or 3 d, respectively. The plates
were washed thrice with ice-cold PBS and lysed by two cy-
cles of freezing and thawing. Aliquots of supernatants were
subjected to ALP activity and protein measurement using an
ALP kit and a micro-protein assay kit, respectively. All re-
sults were normalized by protein content.

124 Oil red O stain and measurement The OBs (2x10*
cells per well) were plated in 48-well culture plates, after be-
ing induced by adipogenic supplement (10 pg/ml insulin, 10’
mol/L dexthamethone) and treated with Y*" at final concentra-
tions of 1x107°, 1x10°%, 1x107, 1x10°°, 1x107, and 1x10™
mol/L, and fat droplets within differentiated adipocytes from
OBs were stained using the oil red O described by Ichiro et al.
with some modification®". Briefly, cell monolayers were
washed by PBS then stained with a 0.6% (W/F) oil red O so-
lution (60% isopropanol, 40% water) for 15 min at room tem-
perature. For quantification of oil red O content, the cells were
washed with dH,O three times to remove background staining,
and recorded by inverted phase contrast microscopy (Olympus
IX 51), then 1 ml of isopropyl alcohol was added to the culture
plates. After 5 min, the absorbance of the extract was meas-
ured by a spectrophotometer at 510 nm. The adipocytic
trans-differentiation promoting rate (%) was calculated ac-
cording to the formula: (ODyeqted/ODeontror—1)*100%.

1.2.5 Mineralized matrix formation assay The OBs were
seeded into 24-well culture plate at 2x10* cells/ml and cul-
tured overnight at 37 °C, in a 5% CO, humidified incubator.
Then the medium was changed to differentiation medium
containing 10 mmol/L B-glycerophosphate and 50 pg/ml
ascorbic acid in the presence or absence of Y** of the con-
centrations of 1x107°, 1x10°%, 1x107, 1x10°°, 1x107, and
1x10™* mol/L for 21 d. The formation of mineralized matrix
nodules was determined by ARS stain. Briefly, Cell monolay-
ers were fixed with ethanol and stained with 0.1% alizarin red
S for 30 min at room temperature. Following rinsing with PBS,
quantitation of ARS staining was performed by elution with
10% (W/V) cetylpyridium chloride for 10 min and the ab-
sorbance was measured at 570 nm. Results were expressed as
mol of ARS permilligram of total cellular protein'*”.

1.2.6 Statistical analysis Data were collected from at
least four separate experiments. The results were expressed
as meanststandard deviation (SD). The statistical differences
were analyzed using SPSS’ t-test. P values less than 0.05
were considered to indicate statistical differences.

2 Results
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2.1 Effects of Y*" on the proliferation of OBs

As shown in Fig. 1, Y*" (1x107, 1x10°%, 1x107, 1x10°,
1x10°, and 1x10* mol/L) promoted the proliferation of OBs
with maximum promotion effect on day 1, 2 and 3 at concen-
trations of 1x107*, 1x10~ and 1x107> mol/L, respectively.

2.2 Effects of Y on the differentiation of OBs

As shown in Fig. 2, Y** had no effect on the differentia-
tion of OBs at concentrations of 1x10° and 1x10® mol/L,
promoted the differentiation of OBs at concentration of
1x107 mol/L, but turned to inhibit the differentiation of OBs
at other tested concentrations on day 1. On day 2, Y°" inhib-
ited the differentiation of OBs at all tested concentrations.
On day 3, Y** promoted the differentiation of OBs at lower
concentrations of 1x10” and 1x10® mol/L, but turned to in-
hibit the differentiation of OBs at other concentrations.

2.3 Effects of Y*' on the adipocytic transdifferentiation
of OBs

As shown in Fig. 3, Y*" had no effect on the adipocytic
transdifferentiation of OBs at a higher concentration of 1x
10~ mol/L, but promoted the adipocytic transdifferentiation

of OBs at other tested concentrations on day 9. On day 12,
80

704
604
50
40-

Proliferation rate vs control / %

Conltro] N;F IX1‘0'°1X]I0"1>< il]"[Xllﬂ* 1 >;E0'5 1 ;(IU"
Concentration / (mol/L)
Fig. 1 Effect of Y*' on the proliferation of OBs ("P<0.001 vs con-
trol, n=4)

— =
@ o H ®)

. "
.P o y s
. \ % o *a

;-‘_. e cn4 rlln ‘_‘

am 0 ’ £% . o -

JOURNAL OF RARE EARTHS, Vol. 28, No. 3, Jun. 2010

Y*" had no effect on the adipocytic transdifferentiation of
OBs at concentrations of 1x107 and 1x10™* mol/L, but pro-
moted the adipocytic transdifferentiation of OBs at other
tested concentrations. On day 15, Y>* promoted the adipo-
cytic transdifferentiation of OBs at lower concentrations of
1x10° and 1x10™® mol/L, and the effects were reversed to
inhibit at other tested concentrations. The morphologic ob-
servation was in accordance with the above results (Fig. 4).
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Fig. 4 Effect of_Y3+ on the adipocytic- trans-differentiation of OBs by Oil Red O stain (15 d)
(a) Control without adipogenic supplement; (b) Adipogenic supplement; (c) Adipogenic supplement+1x10-® mol/L NaF; (d) Adipogenic sup-
plement+1x107® mol/L Y*'; (¢) Adipogenic supplement+1x10~> mol/L Y**; (f) Adipogenic supplement+1x10~* mol/L Y**
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2.4 Effects of Y** on the formation of mineralized ma-
trix nodules

As shown in Fig. 5, Y*" inhibited the formation of miner-
alized matrix nodules of OBs at concentrations of 1x107,
1x10°%, and 1x10° mol/L, promoted the formation of miner-
alized matrix nodules of OBs at other tested concentrations
with maximum promotion effect at a higher concentration of
1x10™* mol/L. The morphologic observation was in accor-
dance with the results (Fig. 6).

3 Conclusions

In the present study, the effects of Y** on the proliferation,
differentiation, adipocytic transdifferentiation and minerali-
zation function of primary OBs in vitro were studied. Meas-

10 pm

Fig. 6 Effect of Y* on the formation of mineralized matrix nodules of OBs stained by alizarin red S
(a) Control without differentiation medium; (b) Differentiation medium; (c) Differentiation medium+1x107° mol/L NaF; (d) Differentiation
medium+1x10~7 mol/L Y**; (e) Differentiation medium+ 1x10~> mol/L Y**

urement of cell viability and proliferation forms the basis for
numerous in vitro assays of a cell population’s response to
external factors. The reduction of tetrazolium salts is now
widely accepted as a reliable way to examine cell prolifera-
tion. In our experiments, Y*' promoted the proliferation of
OBs at tested concentrations. An increase in bone specific
ALP activity in vitro reflects the maturation from an earlier
to a more mature stage of osteoblast differentiation. ALP
hydrolyzes organophosphates thereby releasing inorganic
phosphate, which appears to be the actual initiator of miner-
alization'”’), As osteoblasts continue to differentiate and enter
the mineralization stage, levels of proteins associated with
maturation such as ALP decline, while expression of osteo-
calcin and formation of hydroxyapatite become evident*!.
In our experiments, the effects of Y** on the differentiation
and formation of mineralized matrix nodules of primary OBs
depended on concentrations and culture time. For example,
Y*" inhibited the differentiation of OBs at tested concentra-

tions on day 2. On day 3, Y*" promoted the differentiation of
OBs at lower concentrations 1x107, 1x107%, and 1x1077
mol/L, but turned to inhibit the differentiation of OBs at
other concentrations. Y*" inhibited the formation of mineral-
ized matrix nodules of OBs at concentrations of 1x107~,
1x10°%, and 1x10°° mol/L, but turned to promote the forma-
tion of mineralized matrix nodules of OBs at other tested
concentrations. Adipocytic and osteogenic cells are believed
to derive from multipotential stromal cells in the marrow. In
vitro studies have shown an inverse relationship between the
differentiation of adipocytic and osteogenic cells’*. So a re-
versal of adipogenesis will provide an important therapeutic
approach to prevent aged-related and steroids-induced os-
teoporosisi®* 2. Our results indicated that Y*" promoted the
adipocytic transdifferentiation of OBs at most tested concen-
trations on day 9 and 12. On day 15, Y*" promoted the adi-
pocytic transdifferentiation of OBs at lower concentrations
of 1x10” and 1x10°® mol/L, and the effects reversed to in-
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hibit at other tested concentrations. In fact, the different spe-
cies of rare earth ions may behave differently, which has
been recognized in a series of biological effects of lantha-
nides. These differences may relate to the physico-chemical
characteristics of the respective cations depending upon fea-
tures, such as their ionic radii or charge densities™”’.

In summary, the concentration and culture time are key
factors for switching the biological effects of Y** from toxic-
ity to activity, or from down-regulation to up-regulation.
This property has been recognized in a series of biological
effects of lanthanides” . The mechanism of the effects of
Y*" on the proliferation, differentiation, adipocytic transdif-
ferentiation and mineralization function of primary OBs re-
mains to be further studied.
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