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Loss of N-acetylglucosaminyl transferase V is involved
in the impaired osteogenic differentiation of bone
marrow mesenchymal stem cells
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Abstract: The imbalance of bone resorption and bone formation causes osteoporosis (OP), a common skeletal
disorder. Decreased osteogenic activity was found in the bone marrow cultures from N-acetylglucosaminyl
transferase V (MGAT5)-deficient mice. We hypothesized that MGATS5 was associated with osteogenic differentiation
of bone marrow mesenchymal stem cells (BMSCs) and involved in the pathological mechanisms of osteoporosis.
To test this hypothesis, the mRNA and protein expression levels of MGATS were determined in bone tissues of
ovariectomized (OVX) mice, a well-established OP model, and the role of MGATS5 in osteogenic activity was
investigated in murine BMSCs. As expected, being accompanied by the loss of bone mass density and osteogenic
markers (runt-related transcription factor 2, osteocalcin and osterix), a reduced expression of MGATS5 in vertebrae
and femur tissues were found in OP mice. In vitro, knockdown of Mgat5 inhibited the osteogenic differentiation
potential of BMSCs, as evidenced by the decreased expressions of osteogenic markers and less alkaline phosphatase
and alizarin red S staining. Mechanically, knockdown of Mgat5 suppressed the nuclear translocation of 8-catenin,
thereby downregulating the expressions of downstream genes c-myc and axis inhibition protein 2, which were also
associated with osteogenic differentiation. In addition, Mgat5 knockdown inhibited bone morphogenetic protein
(BMP)/transforming growth factor (TGF)-B signaling pathway. In conclusion, MGAT5 may modulate the osteogenic
differentiation of BMSCs via the B-catenin, BMP type 2 (BMP2) and TGF-( signals and involved in the process of
OP.

Key words: bone marrow mesenchymal stem cells (BMSCs), bone morphogenetic protein (BMP)/transforming
growth factor (TGF)-8, N-acetylglucosaminyl transferase V (MGAT5), osteoporosis, ovariectomized mice, Wnt/(-
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Introduction velopment [4, 5]. Estrogen deficiency damages normal

bone remodeling via increasing resorption activity of

Osteoporosis (OP) is one of the common systemic  osteoclasts. The bone resorption is greater than the bone
skeletal diseases which is characterized by low bone  formation, thereby causing loss of bone [6]. At present,
mass, leading to a microarchitectural deterioration of  the medicinal treatments for OP included calcitonin,
bone tissue [1, 2]. Over 75 million people worldwide  bisphosphonates (alendronate) and estrogen replacement
suffer from this disease, of which 80% are postmeno-  [7-9]. However, these drugs have side effects and limi-
pausal women and this number is gradually increasing  tations after long-term treatment, including atypical
[3]. Recently, lack of estrogen has been admitted as the ~ femur fracture and jaw necrosis [10, 11]. Individuals
main pathogenic mechanism of postmenopausal OP de-  with OP were at a higher risk of bone fragility and frac-
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ture [12]. Fractures caused by OP lead to pain and dys-
function along with an enormous socioeconomic burden
[3]. So it was necessary to explore the novel treatment
factors for postmenopausal OP.

The imbalance between fat mass and bone was a rep-
resentative feature of the pathogenesis of OP [13]. Bone
marrow mesenchymal stem cells (BMSCs) are stem cells
that have multiple differentiation abilities and self-re-
newal capacity [14]. As the main origins of adipocytes
and osteoblasts, BMSCs maintain a balance between
them [15, 16]. The abnormal decrease of estrogen level
disrupted the adipocyte and osteoblast differentiation
balance and led to faulty bone metabolism, ultimately
resulting in OP [17]. Therefore, the differentiation of
BMSCs played an important role in OP and should be
concerned.

N-acetylglucosaminyl transferase V. (MGATS), an
important glycosyl transferase distributed in the Golgi
apparatus, catalyzes the formation of -1, 6 branches of
N-glycans. It changes the sugar chain structure of cell
surface glycoproteins such as cadherin. It affects autoim-
mune disease and cancer malignancy [18]. Cheung et al.
demonstrated that Mgat5-deficient mice accelerated age-
related loss of bone mineral density (BMD) in vertebrae
and femur and in whole-body measurements [19]. How-
ever, its protective influence and mechanisms in post-
menopausal OP remained unclear.

Herein, we focused on the function of MGATS in os-
teogenic differentiation of BMSCs, and tried to reveal
its role in the developmental process of OP in OVX-
induced mice.

Materials and Methods

Materials and reagents

Goat anti-rabbit [gG/HRP (1:3,000) and goat anti-
mouse IgG/HPR (1:3,000) were provided by Solarbio
(Beijing, China). MGATS antibody (1:1,000), runt-re-
lated transcription factor 2 (RUNX2) antibody (1:1,000),
osteocalcin (OCN) antibody (1:1,000), osterix (OSX)
antibody (1:2,000), S-catenin antibody (1:3,000), trans-
forming growth factor-B1 (TGF-B1) antibody (1:1,000),
p-SMAD2/3 antibody (1:1,000), and SMAD2/3 antibody
(1:1,000) were provided by ABclonal (Shanghai, China).
Bone morphogenetic protein type 2 (BMP2) antibody
(1:1,000), p-SMADI1 antibody (1:1,000) and SMADI
antibody (1:1,000) were purchased from Affinity Biosci-
ences LTD. (Melbourne, Australia). Histone H3 antibody
(1:10,000) and GAPDH antibody (1:20,000) were ob-
tained from Proteintech Group, Inc. (Rosemont, IL,
USA).

doi: 10.1538/expanim.22-0129

Ovariectomized (OVX) operation in mice

All animal experiments were followed the Guideline
for the Care and Use of Laboratory Animals. And they
were ratified by the Ethics Committee of Tangshan Gon-
gren Hospital (GRYY-LL-2020-84). Seven-week-old
female C57BL/6J mice were provided ad libitum access
to water and a standard rodent diet. The mice were
housed in pathogen-free conditions at a temperature of
22 + 1°C and humidity of 45-55% under a 12/12 h light/
dark cycle. After a week of acclimation, the mice were
randomly divided into the control and OP group. After
being anesthetized, mice in the OP group received a
bilateral ovariectomy and the mice in the sham group
received a sham procedure with the ovaries left. Then
the abdominal musculature and skin were closed. Six
weeks post-operatively, the mice were deep anesthetized
with sevoflurane for blood and bone tissue collection.

Micro-computed tomography (CT) analysis

Femur samples were scanned with Quantum GX mi-
cro-CT system (PerkinElmer, Massachusetts, USA) at a
voxel size of 10 yum. Quantum and Caliper Analyze
software provided with the instrument were used for scan
and analysis. BMD, ratio of bone volume to total volume
(BV/TV) and trabecular number (Tb.N) were calculated.

Bone histomorphometry

Femur was collected and fixed with 4% paraformal-
dehyde. After dehydration, embedment and being cut to
slices (5 um), the slices were stained with toluidine blue.
Analyses of the osteoclast number (N.Oc), osteoclast
surface (Oc.S), osteoblast number (N.ODb), and osteoblast
surface (Ob.S) were performed using staining results.

Isolation, culture and identification of BMSCs

Primary BMSCs were harvested from femur and tibia
of 8-week-old mice. The bones were crushed and di-
gested in phosphate buffer (PBS) supplemented with 1
mg/ml type IV collagenase, 2 mg/ml neutral protease I,
and 1% bovine serum albumin (BSA). The erythrocytes
were lysed by red blood cell lysis buffer at room tem-
perature. The supernatant was discarded, and the remain-
ing cells were resuspended in modified eagle medium
(MEM) o medium (iCell Bioscience Inc., Shanghai,
China) containing 10% fetal bovine serum (FBS). The
cells were cultured in a 37°C incubator with a 5% CO,.
After 24 h, non adherent cells were washed with PBS.
The cells at passage 3 were used for the experiments.
BMSCs were identified by flow cytometry to detect the
typical markers including CD29, CD34, CD45 and CD90
(Biolegend, San Diego, CA, USA).
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Lentiviral infection of BMSCs

To obtain recombinant plasmids, the sShRNA sequenc-
es targeting Mgat5 were inserted into the lentiviral vec-
tor (Hunan Fenghui Biotechnology Co., Ltd., Changsha,
China). Lentiviral and assistant plasmids (Hunan Feng-
hui Biotechnology Co., Ltd., Changsha, China) were
co-transfected into 293T cells to obtain the lentiviral
particles. For infection, BMSCs were incubated with
lentiviral particles in growth medium at a multiplicity
of infection (MOI) of 50 at 37°C with 5% CO,. And the
BMSCs were collected after 48 h of infection for use in
subsequent experiments.

Osteogenic, adipogenic and chondrogenic
differentiation of BMSCs

BMSCs were planted onto culture plates. The cells
were cultured in osteogenic, adipogenic or chondro-
genic medium. The osteogenic medium was basic me-
dium supplemented with 10% FBS, 10 mM pS-sodium
glycerophosphate, 50 uM L-lascorbic acid 2-phosphate,
100 ng/ml BMP2 and 1 x 107 mM dexamethasone
(DEX). Alizarin red S (Shanghai yuanye Bio-Technolo-
gy Co., Ltd., Shanghai, China) staining was performed
after BMSCs were incubated with osteogenic medium
for 14 d.

The adipogenic medium was consisted of dulbecco’s
modified eagle medium (DMEM) supplemented with
10% FBS, 1 x 107 mM DEX, 10 mM p-sodium glyc-
erophosphate, 50 uM L-lascorbic acid 2-phosphate and
10 ug/ml insulin. Oil red O staining was performed after
BMSCs were incubated with adipogenic medium for 14
d. Cells were fixed in cell ORO fixative for 15 min,
washed with PBS, and stained with Oil red O staining
solution (Leagene, Beijing, China) for 10 min.

The chondrogenic medium was composed of basic
medium supplemented with 10% FBS, 50 ug/ml L-
lascorbic acid 2-phosphate, 100 ug/ml sodium pyruvate,
40 ug/ml proline, 10 ng/ml TGF-B1, 1 x 1074 mM DEX
and 100 ng/ ml insulin-like growth factor (IGF)-1. The
cells were seeded into cell climbing. The cell climbing
was washed with distilled water incubated with Alcian
acidizing fluid for 3 min and incubated with Alcian blue

Table 1. Primer names and sequences for qPCR analysis

(Leagene, Beijing, China) for 15 min. Then cell climbing
was washed with distilled water for 5 min. Nuclear fast
red staining solution was used to stain nuclei for 10 min.
After rinsing, the cell climbing was added glycerol-al-
cohol and sealed at low temperature. The cells were
observed under a light microscope.

Alkaline phosphatase (ALP) activity and ALP
staining assay

ALP activity of serum and cell supernatant was ana-
lyzed using the ALP assay kit purchased from Nanjing
Jiancheng Bioengineering Institute (Nanjing, China)
according to the manufacturer’s instructions. After 7
days of osteoblastic induction, cells were stained by an
ALP staining kit (Solarbio) and observed under a light
microscope.

Quantitative Real-time PCR (qPCR)

Total RNA was extracted from the tissues and BMSCs
using a Trizol reagent (BioTeke Corp., Beijing, China).
The absorbance of total RNA was measured to determine
the purity and concentration. The cDNA was synthesized
using BeyoRT™ II M-MLYV reverse transcriptase (Bey-
otime, Shanghai, China). qPCR was performed using
SYBR Green qPCR Master Mix (Solarbio) under the
following cycling conditions: 95°C for 5 min followed
by 40 cycles of 95°C for 10 s, 60°C for 10 s and 72°C
for 15 s. Gene expression levels were determined by the
2-0Ct method and Gapdh was used as the internal control
gene. The PCR primers were provided in Table 1.

Western blotting analysis

Total protein of vertebrae, femur or BMSCs was ex-
tracted using the radio immunoprecipitation assay
(RAPI) lysis buffer (Solarbio) and was quantified using
a bicinchoninic acid (BCA) protein assay kit (Solarbio).
Equal amounts of proteins were separated by SDS-PAGE
and transferred to a polyvinylidene fluoride (PVDF)
membrane (Millipore, Billerica, MA, USA). Membranes
were blocked with 5% non-fat milk (Sangon, Shanghai,
China) for 1 h and were incubated with the primary an-
tibodies at 4°C overnight. After washing in Tris-buffered

Primer Name Forward

Reverse

Mgat5 5’-CAGCTCCATGTTACGGG-3’

Axin2 5’-CAACGACAGCGAGTTATCC-3’

c-myc 5’-GGACTGTATGTGGAGCGGTTTC-3’
Ocn 5’-GAGGGCAATAAGGTAGTGAA-3’
Runx2 5’-GCAGCACTCCATATCTCTACT-3’

Osx 5’-ACCAGGTCCAGGCAACA-3’

Alp 5’-GACAGCAAGCCCAAGAG-3’

Gapdh 5’-TGTTCCTACCCCCAATGTGTCCGTC-3’

5’-GACCAGATTGTCCACCTTT-3’
5’-GTTCCACAGGCGTCATCT-3’
5’-TCGTTGAGCGGGTAGGGA-3’
5’-CATAGATGCGTTTGTAGGC-3’
5’-TTCCGTCAGCGTCAACAC-3’
5’-AGCAAAGTCAGATGGGTAAGT-3’
5’-GGAGACGCCCATACCA-3’
5’-CTGGTCCTCAGTGTAGCCCAAGATG-3’
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saline with Tween (TBST) for 10 min, the membranes
were incubated with secondary antibody at 37°C for 1
h. Protein bands were visualized by ECL reagent (Solar-
bio) and images were analyzed by Gel-Pro-Analyzer
software.

Statistical analysis

One-way ANOVA and ¢ tests were performed to ana-
lyze the data with GraphPad Prism 8 software. Data were
presented as mean + SD. A P-values of <0.05 was con-
sidered statistically significant.

Downregulation of MGAT5 expression in OP mice

The microstructures of femurs in each group were
analyzed by micro-CT. As demonstrated in Fig. 1a, the
BMD, BV/TV and Tb.N were significantly lower in the
OP group 6 weeks after the surgery compared to the
control group (P<0.001). N.Oc and Oc.S were increased,
and N.Ob and Ob.S were reduced in the OVX model
(Table 2). Our data revealed that the bone resorption was
increased and the bone formation was reduced in the
mice with OP. Meanwhile, reduced Alp mRNA was ob-
served in the OP group (Fig. 1b). Interestingly, the ALP
activity was increased in OP mice (Fig. 1b). Addition-
ally, mRNA and protein expression levels of MGATS in
the vertebrae and femur were both remarkably reduced
in the mice with OP (Figs. 1c and d). As shown in Figs.
le and f, the mRNA and protein expression of RUNX2,
OCN and OSX were decreased in the OP mice. These
data revealed that MGATS5 might be involved in the de-
velopment of OP.

Up-regulated expression of MGAT5 during the
osteogenic differentiation and mineralization of
BMSCs

The BMSCs were successfully isolated from mice with
high purity, which was proved by the high expressions
of MSCs surface markers CD29 (89.34%) and CD90
(96.39%), low expression of the hematopoietic markers
CD34 (1.14%) and CD45 (0.85%) (Fig. 2a), and osteo-
genic, adipogenic and chondrogenic differentiation
abilities (Fig. 2b).

We investigated the expression changes of MGATS
during the osteogenic differentiation of BMSCs. As
shown in Figs. 3a and b, when incubated in osteogenic
differentiation medium, the BMSCs showed dramatical
increases in mRNA and protein expression of MGATS
at day 7. Notably, these increases were accompanied by
the upregulated expressions of osteogenic markers
Runx2, Ocn, and Osx (Fig. 3¢) and greater ALP staining
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(Fig. 3d), which meant the initiation of osteogenic dif-
ferentiation. In addition, the increases of MGATS were
maintained to day 14, the time point that mineralization
occurred. The differentiation formed many mineralized
nodules with small size in the visual field at this time
point (Fig. 3e).

Mgatb5 knockdown
differentiation of BMSCs
To clarify the function of MGATS in BMSCs osteo-
genic differentiation, Mgat5 was knocked down by len-
tivirus. Results of qPCR and western blot demonstrated

inhibited osteogenic

that expressions of MGATS were efficiently knocked
down in both undifferentiated and differentiated BMSCs
(Figs. 4a—c).

When Mgat5 was knocked down, the mRNA and pro-
tein expression levels of RUNX2, OCN and OSX were
noticeably downregulated compared to the lenti-control
treated BMSCs (Figs. 4d and e). Meanwhile, ALP stain-
ing was markedly reduced and ALP activity was sig-
nificantly suppressed in the knockdown of Mgat5 treat-
ed cells (Figs. 4f and g), suggesting the impaired
osteogenic differentiation ability of BMSCs. At day 14,
fewer calcium nodule formation was observed in the
Mgat5 silenced cells (Fig. 4h). As shown in Fig. 4i,
lipid droplet formation in Mgat5 silenced cells was en-
hanced, when compared with lenti-control treated cells.
These results showed that loss of MGATS5 may suppress
osteogenic differentiation and mineralization, and ag-
gravate adipogenic differentiation.

Mgat5 knockdown inhibited the Wnt/B-catenin and
BMP/TGF-B signaling pathways

To explore the pathological mechanism of MGATS5
loss-impaired osteogenic differentiation, we measured
the activity of f-catenin and expressions of its down-
stream genes, a typical signaling pathway regulating
osteogenic differentiation [20]. The protein level of
p-catenin in the nucleus was significantly diminished in
Mgat5 silencing BMSCs (Fig. 5a), which indicated the
nuclear translocation of f-catenin was reduced. Also, the
mRNA expression levels of its downstream genes c-myc
and axis inhibition protein 2 (4xin2) (Fig. 5b), which
indicated the activity of this signaling pathway, was in-
hibited. These data revealed that Mgat5 knockdown
inhibited the Wnt/B-catenin signaling pathway. As shown
in Figs. 5c and d, Mgat5 knockdown decreased the ex-
pression of BMP2 and TGF-B1. The phosphorylation of
SMADI and SMAD2/3 was also reduced in Mgat5 si-
lencing BMSCs. These findings suggested that BMP/
TGF- signaling may be involved in the MGAT5-assci-
ated osteogenic differentiation of BMSCs.



MGATS AFFECTS BMSC DIFFERENTIATION AND OP

a Control or

e Control s OP

P<0.001 P<0.001 P<0.001
— 10 I 4 )
8
3
° L] i 6 ° Z ®
= ; ©
m 4 g &2
2 | - | 1
: 0 . 0 .
P=0.025 - P<0.001 P<0.001
1 -_—
- [ °>2 r 1 r 1
B K3}
% 12 o < 08
. o I
::1 6 e s 04
<
0 T 0.0 T T
vertebrae femur
c d X
5 127 P<0001 5 127 P<0.00l vertebrae femur
> > 1
L peoses 2 o> MGATS | s MGATS | S o
<5 08 <E 08
Zo [} Z =
=5 =2
-
g‘; 04 H o= 047 |54r_| GAPDH | ey e GAPDH | "— m—
I .
) °n
= 0 . = . (\60\ X &@\ >
Q
€ o 129 P<000l o 129  P<0.00l & ¢
> > 1
2 PN e 2 s
<Z o384 <5 084
Zﬁ 0.8 Z g 0.8
E5 r, E2 f
(:.<; 0.4 <:.<E 0.44 vertebrae femur
= 00 . = 00 : 08X - 08X -
122 P<0.001 12+ P<0.001
— — — —
4 pesssy [ pesssy L
ié 0.8 i; 0.8 OCN OCN
ze zZ5
~© 5 =
> 041 a S5 04
= 5 |E | RUNX2 RUNX2 |
) )
0.0 T 0.0 T
124 P<0.001 124 P<0.00l
= — - — GAPDH | = GAPDH |W—— aa—
) 5
—_— e -
<_§ 0.8 < E 0.8 -60\ OQ \@\ OQ
£5 £ o o
£ 0.4 E.5 0.4
=] <
8 8
0.0 T 0.0 T

Fig. 1. Downregulation of MGATS5 expression in OP mice. (a) Representative micro-CT images of femur bone and quantitative analy-
ses of bone structural parameters, including BMD, BV/TV, and Tb.N. (b) qPCR was used to detect the mRNA level of A/p in
vertebrae and femur. ALP assay kit was used to measure ALP activity in serum. (c) The mRNA levels of Mgat5 in vertebrae and
femur were quantified by qPCR. (d) Representative western blot images of MGATS expression in vertebrae and femur. (¢) gPCR
was used to detect the mRNA level of Runx2, Ocn and Osx in vertebrae and femur. (f) Protein expression of RUNX2, OCN and
OSX was measured by western blotting analysis. All values were shown as mean + SD (n=6). Statistical significance was defined
at P<0.05. MGATS5, N-acetylglucosaminyltransferase V; OVX, ovariectomized; OP, osteoporosis; micro-CT, micro-computed
tomography; BMD, bone mass density; BV/TV, ratio of bone volume to total volume; Tb.N, trabecular number; ALP, alkaline
phosphatase; qPCR, quantitative real-time PCR; RUNX2, RUNX family transcription factor 2; OCN, osteocalcin; OSX, osterix.

Table 2. Bone parameters in the femur

Control (n=6) OP (n=6)
N.Oc 4.50 £ 0.55 14.00 £ 1.552
Oc.S (um?) 4,032.33 + 643.61 26,222.00 +3,012.78?
N.Ob 92.17+9.91 29.00 +3.228
0b.S (um?) 54,371.17 + 6,728.44 10,801.50 + 1,481.382

N.Oc, osteoclast number; Oc.S, osteoclast surface; N.Ob, osteoblast num-
ber; Ob.S, osteoblast surface. 2P<0.001 compared with the control group.

Exp. Anim. 2023; 72(3): 413—424
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Fig. 2. Identification and differentiation of BMSCs. (a) Representative flow cytometry dot-plots and histograms showing high expres-

sion levels of CD29 and CD90 and low expression levels of CD34 and CD45 on the surface of BMSCs. (b) The differentiation
capacity of BMSCs to differentiate into the osteogenic, adipogenic, and chondrogenic lineages was determined by Alizarin red
S staining (left panel, scale bar: 50 ym), Alcian blue staining (middle panel, scale bar: 50 xm) and Oil Red O staining (right
panel, scale bar: 50 um), respectively. Top panels showed the Alizarin red S staining, Alcian blue staining and Oil Red O stain-
ing of undifferentiated BMSCs as negative controls. BMSCs, bone marrow mesenchymal stem cells.
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Fig. 3. Up-regulated expression of MGATS during the osteogenic differentiation and mineralization of BMSCs. (a, b) Mgat5
mRNA expression levels and MGATS5 protein expression levels were determined by qPCR and western blotting
analysis at day 0, 7, and 14 of osteogenic differentiation. (c) The mRNA levels of Runx2, Ocn and Osx were de-
tected by qPCR at day 0, 7 and 14 after osteogenic induction of BMSCs. (d) Representative images of ALP staining
after BMSCs treated with osteoblast differentiation medium for 7 days. (e) Representative images of Alizarin red
S staining after BMSCs treated with osteoblast differentiation medium for 14 days (scale bar: 200 ym). Data were
given as mean £ SD (n=3). Statistical significance was defined at P<0.05. MGATS, N-acetylglucosaminyltransfer-
ase V; RUNX2, RUNX family transcription factor 2; OCN, osteocalcin; OSX, osterix; qPCR, quantitative real-time
PCR; ALP, alkaline phosphatase; BMSCs, bone marrow mesenchymal stem cells.

OP was aroused by low bone density and was compli-
cated by fractures. The disfunction of osteoblasts were
accepted as major pathogenic mechanisms of OP [21].
An abrupt cessation of estrogen after the menopause is
one of the reasons to induce this reduction [22]. There-
fore, we used the OVX mice, which were one of the most
reliable models for researching primary OP, as a model
to simulate postmenopausal woman with OP. MGATS is
a glycosyl transferase that modulates cell growth and
differentiation [23]. In our study, we found that the ex-
pression of MGATS was markedly reduced in the verte-
bra and femur tissues of OP mice and was accompanied

by the loss of bone mass density and osteogenic markers.
It is reported that the expression of MGATS was inhib-
ited by nuclear factor kappa B (NF-kB), which is acti-
vated by ovariectomy [24, 25]. On the other hand, IL-10,
whose expression is decreased in OVX mice [26], in-
duced the expression of MGATS5 [27]. Thus, we specu-
lated that the activated NF-«kB or decreased IL-10 may
contribute to the low MGATS expression in OVX condi-
tion. There may be other factors that influence the ex-
pression of MGATS in OP and need further exploration.
Decreased ALP expression in bone represented reduced
osteogenic differentiation [28], and increased ALP activ-
ity in serum might be caused by accelerated bone turn-
over and complex internal environment. Previous studies

Exp. Anim. 2023; 72(3): 413-424 | 419
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osteogenic differentiation. (h) Representative images of Alizarin red S staining in the control group, the "LV group and
the S"MGATSTY oroup at day 14 of osteogenic differentiation (scale bar: 50 um). (i) Representative images of Oil red O
staining in the control group, the "LV group and the S"MOATSLV group at day 14 of adipogenic differentiation (scale bar:
50 um). Data were presented as mean + SD (n=3). Statistical significance was defined at P<0.05. MGATS5, N-acetylglu-
cosaminyltransferase V; RUNX2, RUNX family transcription factor 2; OCN, osteocalcin; OSX, osterix; qPCR, quantita-
tive real-time PCR; ALP, alkaline phosphatase; BMSCs, bone marrow mesenchymal stem cells.

have shown that the mRNA and protein levels of ALP  is caused by high bone turnover [36]. The vast majority

in the tibiae and femur of the OVX model were reduced
[28, 29], which was consistent with our findings. Inter-
estingly, most studies have measured ALP activity in
serum and they revealed that ALP activity in serum was
increased in OVX model [30-35]. Mukaiyama et al.
proposed that in postmenopausal women, elevated ALP
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of ALP activity of serum is derived from bone and liver
[37]. These studies suggested that the ALP activity in
serum was regulated by various factors in vivo. The ex-
act cause of opposite presentation results of ALP activ-
ity (in serum) and expression (in bone) will be explored
in our future study. In addition, Cheung ef al. found that
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Fig. 5. Mgat5 knockdown inhibited the Wnt/f-catenin and BMP/TGF-f signaling pathways. (a) Representative western
blot showed the relative expression level of f-catenin in the control group, the "LV group and the S"MGATSLy
group. (b) The mRNA levels of c-myc and Axin2 were detected by qPCR in the control group, the "LV group and
the S"MGATSLY group at day 7 of osteogenic differentiation. (c) Protein expression of BMP2 and phosphorylation
of SMADI in the control group, the "LV group and the S"MSGATSLY group were assessed by western blot. (d)
Western blot was used to detect the protein expression of TGF-B1 and phosphorylation of SMAD2/3 in the con-
trol group, the "LV group and the S"MGATSLY group. Data were shown as mean + SD (n=3). Statistical significance
was defined at P<0.05. MGATS5, N-acetylglucosaminyltransferase V; Axin2, axis inhibition protein 2; qPCR,
quantitative real-time PCR; BMP2, bone morphogenetic protein type 2; TGF-f1, transforming growth factor-f1.

deficiency of Mgat5 resulted in damaged osteogenic dif-
ferentiation of bone marrow, and accelerated loss of bone
mass with aging [19]. Chen et al. denoted that MGATS
promoted early osteogenic differentiation of stem cells
and increase mRNA expression of osteogenic differen-
tiation marker genes [23]. Together with our findings,
MGATS5 might be involved in the development of OP
and related to osteogenic differentiation of BMSCs.
Stem cells play an important role in the development
of OP. Wang et al. found that in the osteoporosis model,
stem cells with osteogenic differentiation potential could
stably differentiate and improve the reduction in bone
density [38]. MSC transplantation in OP treatment raised
osteogenic differentiation and halt the deterioration of
OP [39]. Previous study demonstrated that after promot-
ing osteogenic differentiation of BMSCs, OP develop-
ment in mouse model was repressed [40]. In our study,
MGATS was found to be upregulated when the BMSCs
underwent osteogenic differentiation, along with these
osteogenic protein markers. The upregulation sustained
to day 14, the time point mineralization occurred.
MGATS5-mediated N-glycosylation, a common post-
translational modification of proteins, affects cell growth,
differentiation and migration [41]. N-glycans produced
by MGATS adapted cellular sensitivities to cytokine,
thereby modulating osteogenic activity [19]. Mice with
insufficient N-glycan synthesis shown osteogenic abnor-
malities [42]. In addition, osteogenic differentiation of

dental pulp stem cells was dependent on MGATS5 through
regulating N-glycan-branching TGF- receptor type I
level [23]. Our and previous observations strongly indi-
cated that MGATS served functions in osteogenic dif-
ferentiation of BMSCs. Therefore, we established
Mgat5-silencing BMSCs to test our hypothesis. As ex-
pected, the BMSCs lack of Mgat5 showed an obviously
inhibited osteogenic differentiation ability compared
with the normal BMSCs. Meanwhile, the expression of
osteogenic markers was decreased and the mineralization
was suppressed. These findings suggested that loss of
Mgat5 was detrimental to osteogenic differentiation. The
osteogenic differentiation of BMSCs was regulated by
multiple transcription factors. RUNX2 and OSX were
critical for regulating the osteogenesis-specific proteins
(including ALP and OCN) and ultimately stimulated
mineralization of bone nodules, that were essential for
osteoblast proliferation and bone formation [43]. OCN
appeared at the end stage of osteoblast differentiation. It
could bind to Ca®" to regulate calcium ion homeostasis
and bone mineralization [44]. ALP activity was the most
widely recognized marker of osteoblast activity. It was
a typical protein product of osteoblast phenotype and
osteoblast differentiation [45]. Generally, the appearance
of ALP activity represented a phenotypic marker of os-
teoblast formation because it provided necessary phos-
phoric acid for the formation of apatite via hydrolyzing
phosphate [46, 47]. In our observations, osteogenic
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medium-induced increases of these proteins in BMSCs
were suppressed when Mgat5 was silenced, indicating
that MGATS5 may modulate the transcription of these
factors. Given that MGATS is not a transcriptional factor,
it may exert this regulation indirectly through other tran-
scriptional factors, which is worthy to be further inves-
tigated. In human post-menopausal OP, increased adi-
pogenesis in bone marrow is observed [48]. Previous
studies proposed that the adipogenic differentiation of
BMSCs obtained from OVX mice was increased and the
increase contributed to OP [49, 50]. Our results proved
that the adipogenic differentiation of BMSCs was en-
hanced by Mgat5 knockdown, thereby aggravating OP.
Canonical Wnt signaling plays an essential role in
osteoblastgenesis and skeletal development [51]. It de-
termines the fate of MSCs by preventing their adipo-
genic and chondrogenic differentiation and promoting
the osteogenic differentiation [52]. As a key component
of the Wnt signaling pathway, f-catenin is involved in
these biological processes and its inactivation is related
with bone metabolism disorders. Accumulating evidence
suggested that activation of f-catenin promoted osteo-
genic differentiation of BMSCs [53—55]. The expression
of MGATS was found to be positively related to nuclear
translocation of f-catenin [56], suggesting the possible
regulatory relationship between these two proteins. In
line with this finding, our study also observed the inhib-
ited level of f-catenin in the nucleus in Mgat5 silencing
cells, as well as the decreased expressions of downstream
genes c-myc and Axin2, both of which were associated
with bone development and osteogenic differentiation
of BMSCs [57, 58]. On the other hand, BMP and TGF-f
are the main signaling pathways in bone formation and
osteogenesis [59]. The BMP performs its function
through downstream transcription factors including
SMADI. Phosphorylation of SMAD2 and SMAD3 ini-
tiates the TGF-f signal transduction [60]. Once SMADs
are phosphorylated, they form complex with SMAD4.
This complex activates the transcription and then stimu-
lates bone formation [61]. Our results demonstrated that
Mgat5 knockdown inhibited the BMP/TGF-f signaling
pathways. Previous study attested our findings. Chen et
al. revealed that MGATS played a key role in activating
TGF-p signaling pathway and subsequent osteogenic
differentiation [23]. Therefore, our findings indicated
that MGATS5 might be involved in osteogenic differen-
tiation of BMSCs through modulating Wnt/f-catenin and
BMP/TGF-p signaling pathways. While how does it
regulate the expressions of those osteogenic genes, and
whether it directly modulates S-catenin activity, or indi-
rectly through other factors, still need to be revealed.

doi: 10.1538/expanim.22-0129

Conclusion

In conclusion, MGATS may regulate the osteogenic
differentiation of BMSCs through S-catenin and BMP/
TGF-p signaling pathways. Loss of it may be associated
with the development of OP.
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