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High concentration of tacrolimus inhibits proliferation and osteoblastic
differentiation of human mesenchymal stem cells

WEI Hong-yan', PAN Wei’, QIU Ni’, HUANG Li*, ZHOU Hong-hao>, XIAO Zhou-sheng’
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2. Institute of Clinical Pharmacology, Central South University, Changsha 410078, China)

Abstract: OBJECTIVE To investigate the effect of tacrolimus on cell proliferation and osteoblastic differen-
tiation of primary human bone marrow-derived mesenchymal stem cells (hBMSCs). METHODS hBMSCs were
cultured with tacrolimus 0. 001 =5 wmol+L~". BrdU incorporation was used to assess the cell proliferation while
cellular alkaline phosphatase ( ALP) activity and calcium deposition were measured to evaluate the osteoblastic dif-
ferentiation of hBMSCs cultures. The calcineurin ( CaN) activity was also examined using commercial CaN assay
kit, and core binding factor 1 alpha subunit ( Cbfal ) protein level was determined by Western blotting. RESULTS
Tacrolimus 0. 001 —0. 1 wmol-L ™" promoted BrdU incorporation but had no effect on ALP activity and calcium dep-
osition, whereas tacrolimus 0.5 =5 pmol-L ™" resulted in significant decrease in both cell proliferation and osteo-
blastic maturation, by reducing BrdU incorporation, ALP activity, and calcium deposition of hBMSCs cultures in a
concentration-dependent manner. In addition, tacrolimus 0.5 =5 wmol-L ™" led to concentration-dependent decre-
ment in CaN activity, which was consistent with down-regulated Chfal protein in the tacrolimus treated cells.
CONCLUSION High concentration of tacrolimus might inhibit the cell proliferation and osteoblastic differentia-
tion of hBMSCs cultures through a CaN/Cbfal pathway.
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In T-cell activation, calcineurin ( CaN )
transduces Ca’ " signals through dephosphoryla-
tion of a family of transcription factors, such as
the nuclear factor of activated T cells
(NFATs). Then the dephosphorylated NFATSs
translocate to the nucleus and induce the tran-
scription of cytokines including interleukin-2
(IL-2) to enhance T-cell function'’). Recently,
activated T cells have been reported to promote
differentiation of mesenchymal stem cells
(MSCs) into osteoblasts. The interactive influ-
ence between MSCs and immune cells can be
mediated through some cytokine'*’. CaN/NFATs
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pathway which is abundantly distributed in the
brain and lymphocytes"”' may be also involved in

regulating bone formation and bone mass™!.

CaN A knock out mice (CaN A7) displayed
severe osteoporosis, markedly reduced mineral
apposition rates, and attenuated colony forma-
tion in ex vivo stromal cell cultures, indicating a
role of CaN in osteoblast-mediated bone forma-
tion*'. Therefore, the suppression of CaN activ-
ity by its inhibitors may weaken osteoblast func-
tion and exert clinical effects on the skeleton.
Previous rodent experiments also revealed
that both tacrolimus ( FK506) and ciclosporin A
(CsA) induced high-turnover bone loss or oste-
oporosis” "% In T-cells, either CsA binds to
immunophilin or FK506 binds to FK506-bind-
ing protein ( FKBP) in the cytoplasm to forms a
complex to suppress CaN activity, leading to
the inhibition of dephosphorylation and nuclear
translocation of NFATs, and inactivation of
T-cell function. However, the impacts of CsA and
FK506 on osteoblasts”’ ™ and osteoclasts' ™"’
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function are controversial, as whether administra-
tion of FK506 or CsA results in bone loss through
the similar molecular mechanism in T-cells re-
mains unclear.

The human bone marrow-derived mesenchy-
mal stem cells (hBMSCs) , which were capable of
recapitulating the temporal sequence of osteoblast
maturation in culture™"
the effects of FKS506 on cell proliferation and
osteoblastic differentiation in hBMSC cultures,
and explore the role of CaN/NFATs signaling

pathway in FK506-mediated cell responses.

, were used to investigate

1 MATERIALS AND METHODS

1.1 Reagents and chemicals

Alpha minimum essential medium (o-MEM) ,
fetal bovine serum ( FBS), penicillin-strepto-
mycin solution, and sodium dodecyl sulfate
(SDS) were obtained from Gibco BRL ( Grand
Island, NY, USA). Pronase E, ascorbic acid,
B-glycerophosphate, p-nitrophenol, diethano-
lamine, p-nitrophenol phosphate, tacrolimus
( FK506 ) , dextran-charcoal and histopaques
solution were purchased from Sigma (St. Louis,
MO, USA). BrdU Cell Proliferation Assay was
purchased from Chemicon ( Temecula, CA,
USA). Calcium kit for calcium content was
purchased from Jiancheng Biotech ( Nanjing,
China). The CaN Cellular Assay Kit PLUS is a
product in the Biomol ( Plymouth Meeting, PA
USA). Bio-Rad reagent for protein assay was
obtained from Bio-Rad Laboratories ( Hercules,
CA, USA). The RUNX2 antibody (sc-10758)
was bought from Santa Cruz Biotech ( CA,
USA), the horseradish peroxidase conjugated
goat anti-rabbit antibody and ECM of Western
blotting from Boste Biotech ( Wuhan, China).
Nuclear extracts were bought from Beyotime
Biotech Reagents ( Shanghai, China ). All
other chemicals were of analytical grade and
purchased from Shanghai Biotech ( Shanghai,
China) .
1.2 Experimental equipment

A carbon dioxide ( CO,) incubator was
purchased from Sheldon Manufacturing ( Cor-
nelius, USA). A super clean bench was ob-
tained  from Purification

Jiangsu Group

( Suzhou, China). An inverted microscope was
purchased from Nikon ( Tokyo, Japan). Elec-
tronic balance and super-speed refrigerated
centrifuge were purchased from Sigma (USA).
An ultrasonic cell disrupter and UV-visible
spectrophotometer were purchased from Shimad-
zu( Kyoto, Japan). A multiskan ascent micro-
plate reader was purchased from Thermo Lab-
systems ( Helsinki, Finland ). High-tempera-
ture oven, the level of shaking, the regulator
steady flow electrophoresis and electrophoresis
apparatus were purchased from Beijing Liuyi
Instrument Factory.
1.3 Cell culture and treatment

Primary hBMSCs were obtained from the
limb bones of a 5-month-old aborted fetus ( Hu-
nan Maternal and Child Health Hospital, Chan-
gsha, China) as previously described ™.
Briefly, the mononuclear cells were isolated by
using  his-

density gradient centrifugation

topaques solution and subsequently seeded in
oa-MEM, 10% FBS (inactivated), and main-
tained in a humidified incubator with 5% CO,
and 95% air at a temperature of 37°C. The 3rd
to the 5th passages of hBMSCs were used in
this study. At subconfluence, hBMSCs 5 x 10’
L~ were detached with 0.25% trypsin, seeded
in a 12-well plate and were cultured in osteo-
genic differentiation medium, which consisted
of phenol red-free o-MEM plus 10% FBS
( dextran-coated charcoal stripped, DCS) sup-
plemented with dexamethasone 10 nmol - L™
ascorbic acid 50 mg+L~' and B-glycerophos-
phate 10 mmol - L™" to induce osteoblastic dif-
ferentiation. The cells were treated with FK506
0.001, 0.01, 0.1, 0.5, 1 and 5 wmol L',
0.1% DMSO ( vehicle) or 17B-estrodiol (E,)
0.01 pmol:L™" or caffeine 100 wmol - L~
(positive control ) , respectively. The medium
was replaced every 3 d thereafter.
1.4 BrdU incorporation assay for detec-
ting hBMSCs proliferation

The measurements were performed accord-
ing to the kit instructions. A total of 2 x 10"
hBMSCs were seeded into 96-well culture
plates. Cells were brought to 90% confluence

and then fasted overnight in serum-free media
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before addition of BrdU 10 mmol - L' in a-
MEM with 7.5% FBS (DCS). Two hours lat-
er, the cells were treated with FK506, 0. 1%
DMSO, or E, as described in 1.3, for 24 h,
washed free of BrdU and harvested. The cells
were fixed with 4% paraformaldehyde for 30
min, blocked with 1% BSA in phosphate-buff-
ered saline containing 0. 2% Triton X-100 for
30 min, incubated with a HRP-BrdU antibody
(1:200) for2 h at 37°C , and washed. A TMB
substrate solution was added to the wells and
color developed in proportion to the amount of
BrdU bound. The stop solution changed the
color from blue to yellow, and the intensity of
the color was measured at 450 nm with a spec-
trophotometer. Cell proliferation was calculated
by BrdU incorporation rate. Cell proliferation
(%) = Atest roup” Aomso growp X 100% .
1. 5  Colorimetric method for detecting
alkaline phosphatase (ALP) activity

Cells were washed 3 times with PBS, and
cellular proteins were solubilized with 1%
TritonX-100 in 0. 9% NaCl and centrifuged.
Supernatants were assayed for ALP activity on
the basis of the method of Bessey et al''*’.
Enzyme activity was determined colorimetrically
using p-nitrophenylphosphate ( p-NPP) as the
substrate at pH 10. 3 after incubation at 37°C
for 30 min and the optical density was read at
405 nm. ALP activity was normalized to the
protein content and expressed as mmol +h ™' +g ™'
protein.
1.6 o0-Cresolphthalein complexone method
for quantitation of calcium deposition

Calcification was assessed by a modification
of the method described by Jono et al'"*'. Briefly,
the cultures were decalcified with HCI 0.6
mol L. ™" for 24 h. The calcium content was deter-
mined by measuring the concentrations of calcium
in the HCI supernatant by the o-cresolphthalein
complexone method. After decalcification, the
cultures were washed with PBS and solubilized
with 0. 1% SDS containing NaOH 0. 1 mol -L~".
Total protein content was measured with a Bio-
Rad protein assay kit. The calcium content of the
cell layer was normalized to the protein content

and expressed as pug-g ' protein.

1. 7  Colorimetric method for detecting
CaN activity

The total cell lysates were used to detect
the CaN activity after the treatment with various
concentrations of FK506. 0. 1% DMSO was
used as vehicle control group while caffeine 100
pmol - L. ™" which can activate CaN via releasing
intracellular calcium was positive group. CaN
phosphatase activity was measured using the
Biomol calcineurin assay kit. R I -phosphopep-
tide was used as a highly specific substrate for
CaN. The detection of free phosphate released
from R Il peptide by CaN was determined
photometrically using the Biomol Green
reagent. CaN activity was calculated as the
total phosphatase activity minus activity in the
presence of EGTA.
1.8 Western blotting for core binding fac-
tor alphal subunit ( Cbfal ) protein expres-
sion

Nuclear extracts were prepared using Bey-
otime Biotech Reagents. Protein concentrations
were determined with a Bio-Rad protein assay
kit. Extracted proteins were separated by 10%
PAGE, followed by transfer to PVDF mem-
branes. Membranes were blocked with 10%
BSA in TBST and then incubated with the pri-
mary antibodies against Cbfal ( rabbit poly-
clonal IgG, dilution in TBST 1:200). Anti-
rabbit (diluted 1: 5000 in TBST) horseradish-
peroxidase-conjugated second antibodies were
applied after washing the blots three times in
TBST. Chemiluminescent signal was developed
using an ECL kit according to the manufacturer’s
instructions. Band densitometry was quantified
using Quantity One Analysis software ( version
4.5.2, Bio-Rad Laboratories, CA, USA) and
Cbfal
values when normalized to B-actin bands.
1.9 Statistical analysis

signaling was expressed as relative

Values are expressed as x + s for the
indicated number of separate experiments.
Equality examinations were performed before
variance analysis. Statistical significance was
evaluated by one-way ANOVA and a P value of
less than 0. 05 was considered statistically

significant.
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2 RESULTS

2.1 Effect of FK506 on hBMSCs prolifera-
tion and osteoblastic differentiation

FK506 0. 001 =5 wmol - L' had concen-
traion-dependent biphasic effects on cell prolif-
eration ( Tab 1). FK506 0. 001 - 0. 01
pmol -L.™" promoted cell proliferation, with
FK506 0.01 wmol+L ™" resulting in the most pro-
found enhancement ( P < 0. 05). However,
FK506 0.5 =5 pmol - L.~ impaired cell prolifer-
ation when compared with that of the cells trea-
ted with 0. 1% DMSO(P <0.05) (Tab.1). In
contrast, FK506 0.001 -0.1 p,mol-L_1 had no
effect on osteoblastic differentiation in hBMSCs
cultures, demonstrated by the absence of obvi-
ous changes in the ALP activity at d 8 (Tab.2)
and the calcium deposition at d12 compared with
0.1% DMSO group (Tab.3). However, FK506
0.5-5 wmol - L™

ALP activity and calcium deposition.

markedly suppressed both

Tab.1 Effect of FK506 on primary human bone marrow-
derived mesenchymal stem cells (hBMSCs) proliferation

Drug/ wmol -1, Cell proliferation/%
0.1% DMSO( control ) 100 £ 15
FK506 0.001 108 +14

0.01 133 +18~

0.1 90 +4

0.5 75 +8"

1 66 +5°

5 40 £9°
Estradiol 0. 01 135+13~

The hBMSCs were cultured for 24 h. Cell proliferation was calculated by
BrdU incorporation rate. Cell proliferation (%) = Ay woup” ApMso goup X
100%. x+s, n=6. “ P <0.05, compared with 0.1% DMSO group.

2.2 Effect of FK506 on CaN activity and
Cbfal expression

As shown in Tab. 4, compared with
0. 1% DMSO group, FK506 0.1 -5 pwmol-L ™"
exhibited a concentration-dependent and signif-
icant attenuation of CalN activity. The highest
inhibition was achieved in FK506 5 pmol-L '
group, and caffeine 100 pwmol - L™ caused
2-fold increase in CaN activity of these cell

culture.

Tab.2 Effect of FK506 on alkaline phosphatase ( ALP)
activity of hBMSCs

Drug/ pmol - L™ ALP activity/mmol-h ™" -g ™" protein

0.1% DMSO 2.13+0.17

FK506 0. 001 2.06 +0.12
0.01 1.96 +0.23
0.1 1.85+0.09
0.5 1.54+0.11"
1 1.30 £0.13"
5 0.87 £0.08"

Estradiol 0. 01 2.76 £0.21"

See Tab 1 for the legend. x +s, n=6. " P <0.05, compared with
0. 1% DMSO group.

Tab.3 Effect of FKS506 on calcium deposition of hBMSCs

Drug/pmol - L™ Calcium deposition/ug-g~" protein

0.1% DMSO 120.5 +4.1

FK506 0.001 118.4 +1.5
0.01 116.4 £3.6
0.1 111.9 £5.07
0.5 92.6 £7.2°
1 81.5+£7.3"
5 73.1£2.6"

Estradiol 0. 01 146.4 +2.4"

See Tab. 1 for the legend. x £5s, n=6. * P <0.05, compared with
0.1% DMSO.

Tab.4 Effect of FK506 on calcineurin ( CaN) activity of
hBMSCs

Drug/ pmol -1~ CaN activity/pmol-h ™" +g™" protein
0.1% DMSO 0.85 +0.09
FK506 0. 1 0.76 +0.12"
0.5 0.41£0.09"
1 0.26 +0.02"
5 0.18 £0.02"
Caffeine 100 1.57+0.02"

See Tab. 1 for the legend. x £5s, n=6. * P <0.05, compared with
0. 1% DMSO control group.

As shown in Fig. 1, FK506 0.5 -5
pmol +L.™" induced a concentration-dependent
reduction in Cbfal protein. Compared with
0.1%DMSO group, FK506 5 pmol « L~'
reached maximum inhibition effect, leading to
of Cbfal

approximately 3-fold reduction

protein.
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Fig.1 Effect of FK506 on core binding factor alpha 1 sub-
unit (Cbfal ) protein expression by Western blotting. The
cells were treated with FK506 or 17B-estrodiol (E,) 0.01 wmol-L~" for
24 h. Lane 1: 0. 1% DMSO; lane 2: E, group; lanes 3 — 6: FK506
0.1, 1 and 5 wmol+L~" groups, respectively. x +s, n=6. * P <0.05,
compared with 0. 1% DMSO group.

3 DISCUSSION
FK506

biphasic effects on cell proliferation, while
FK506 0. 1 =5 wmol - L ™" inhibited hBMSCs

proliferation.

exerted concentration-dependent

These results are inconsistent
with previous observations that FK506 was
shown to increase both osteoblastic activity and
ossification markers of mouse and rat bone
marrow cell cultures'’’. FK506 was also reported
to inhibit cell proliferation and osteopontin
mRNA expression but induce ALP activity in
ROS17/2. 8

Moreover, CsA was found to elicit

rat osteoblast-like
14]

cell line,
cells!
dose-dependent biphasic anabolic or catabolic
effect on bone formation, osteoblast differentiation,

51 which suggested that these

and bone mass
contradictory reports and paradoxical results,
including ours, stem, in part, from the wide
variation in the conditions (e. g. different cell
types and culture media) for these studies and
also in the concentrations of the immunosup-
pressants used.

It has repeatedly been demonstrated that
bone loss is the highest within the first 6 to 12
months after renal transplantation and persists,
albeit at a lower rate, for many years''®
Meanwhile, it has been verified that the ratio of

FK506 concentration in the second or third
post-transplantation month was higher than in
the following month'”’. Such clinical evi-
dences means that high dosage of FK506 may
result in osteopenia or osteoporosis after organ
transplantation. It has been also reported that
overexpression of CaN resulted in a profound
increase of osteoblastic differentiation markers
including Chfal'™’ | so inhibition of CaN would
lead to down-regulation of Cbfal expression. In
this regard and with clinical evidence, we
investigated if higher concentrations of FK506
0.5 -5 wmol-L ™" had any impact on the CaN
activity in hBMSC ' cultures. FK506 0. 1 -5
pumol + L.~ exhibited a concentration-dependent
attenuation of CalN activity in line with the
decrement of Cbfal protein in the hBMSC
cultures. Thus, it can be speculated that CaN
restraint may interpret, at least partly, the
inhibitory effect of FK506 on the osteoblastic
differentiation in hBMSC cultures at high con-
centrations, which however, requires further
investigations. In addition to CaN/Cbfal path-
way, FK506 was found to affect other signaling
pathways such as ERK and PI-3K/Akt signa-
ling in other cultured cells™® | which could be
other potential mechanisms for FK506-mediated
suppression effect in hBMSC cultures.

In summary, FK506 <0.1 wmol-L ™" pro-
moted the proliferation of the hBMSCs, while
FK506 >0. 1 pmol-L™" elicited inhibited pro-
liferation and osteoblastic differentiation, and
CaN/Cbfal pathway might be responsible for
FK506-mediated suppression effect in hBMSC
cultures.
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