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Objective: The present study aimed to investigate global levels of 0-GlcNAcylation (0-GlcNAc), expressions of O-GlcNAc transferase
(OGT) and O-GlcNAcase (OGA) in osteosarcoma and to explore a prognostic marker.

Materials and Methods: The authors studied in three independent experiments. Western blot analysis was performed to detect
the expressions of 0-GlcNAcylated proteins, OGT, and OGA in cell lines derived from seven patients with osteosarcoma stage
IIB. The band intensities were analyzed using Scion Image software. The correlations between clinicopathologic characters of
osteosarcoma cases and expression levels of O-GlcNAcylated proteins, OGT, and OGA were analyzed by using Student’s t-test.

Results: The results demonstrated a tendency of higher OGT expression in primary osteosarcoma cells. Furthermore, the level
of OGT was elevated in patients who poorly responded to chemotherapy and had shorter survival time (p<0.05). The present
study revealed a promising use of OGT as a prognostic marker in osteosarcoma.

Conclusion: The present study showed significant higher levels of OGT in osteosarcoma patients who poorly responded to
chemotherapy. Furthermore, levels of OGT relate to survival time of osteosarcoma. These findings suggest a role for OGT in
chemo-response of osteosarcoma cells. The present study was performed in a limited number of cases, thereby the finding
requires further validation in a larger cohort.
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Osteosarcoma is the primary malignant bone
tumor that commonly affects children, adolescents,
and young adults. Osteosarcoma usually occurs in the
metaphysis of long bones, and most commonly occurs
in the distal femur, proximal tibia, or humerus®.
The incidence has been reported at 1.6 to 2.8 per
million of children under 15 years and are more
common in male than female at a ratio of 1.6:1?,
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Due to the complexity of the genomic background
and heterogeneity, the causes of osteosarcoma
remain unclear. The current treatment strategy for
osteosarcoma includes neoadjuvant chemotherapy,
followed by surgical removal of the primary tumor
along with all clinically evident metastatic disease,
plus the addition of adjuvant chemotherapy.
O-GlcNAcylation (O-GlcNAc) is one of post-
translation modifications (PTM) of protein. This PTM
play important roles in regulating various functions of
proteins through an addition of N-acetylglucosamine
(GIeNAc) to hydroxyl group of serine or threonine
residues of target proteins. O-GlcNAc is regulated
by a pair of enzymes, O-GlcNAc transferase (OGT)
and O-GlcNAcase (OGA), which add and remove a
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Table 1. Clinicopathologic characteristics of osteosarcoma cases

Case Age at diagnosis (years) Sex Enneking stage Chemotherapy Tumor necrosis (%) Status Metastasis (lung)

0Ss1 9 Female 1Tb Carbo/Doxo 90.0 Alive No

0S2 15 Female 1Ib Adria/Cis 90.0 Alive No

0S3 17 Female 1Ib Cis/Adria 80.0 Alive No

0S4 14 Male ITb Carbo/Doxo 90.0 Alive No

0S5 21 Male 1Ib Cis/Adria 15.0 Death Yes

0s6 61 Female 1Ib Cis/Adria 35.5 Death Yes

0S7 5 Female ITb Carbo/Adria 10.0 Death Yes
Cis/Doxo
HD-MTX

0S=osteosarcoma primary cells; Carbo=carboplatin; Doxo=doxorubicin; Adria=adriamycin; Cis=cisplatin; HD-MTX=high-dose methotrexate

O-GlcNAc molecule from the proteins, respectively.
Uridine diphosphate N-acetylglucosamine (UDP-
GlcNAc) is a substrate of O-GlcNAc process and
an end-product of hexosamine biosynthesis pathway
(HBP). HBP pathway is one of the glucose metabolic
pathways in which about 2% to 5% of glucose
enters the HBP®%, Glucose is imported into the
cell via a glucose transporter, then phosphorylated
by hexokinase to be glucose-6-phosphate (Gle-
6-P) and then converted into fructose-6-phosphate
(Fruc-6-P) by Glc-6-P isomerase. Glutamine
donates the amino group to form glucosamine-6-
phosphate (GlcN-6-P), using glucosamine:fructose-
6-phosphate aminotransferase (GFAT). Acetyl-CoA
is added to GIcN-6-P by glucosamine-6-phosphate
N-acetylglucosamine transferase to generate
N-acetylglucosamine-6-phosphate (GIcNAc-6-P)
and converted to N-acetylglucosamine-1-phosphate
(GlcNAc-1-P) by phosphoacetylglucosamine
mutase. Finally, uridine-5’-triphosphate (UTP) is
phosphorylased by UDP-GIcNAc pyrophosphorylyse
(UAP) to create UDP-GIcNAc. The rate limiting
enzyme of HBP is GFAT1. This is due to feedback
inhibition by the products including both GlcN-6-P
and the final product: UDP-GIcNAc®.

0O-GlcNAc governs diverse intracellular
processes such as translation, transcription, cell cycle
regulation, and epigenetic control of gene expression
in response to nutrient and cellular stress®”. Balance
of the enzymes regulating O-GIcNAc is required
to maintain normal cellular function. High level of
0O-GIcNACc has been found in many diseases such as
diabetes, Alzheimer disease, and cancers.

In various types of cancers, increased level of
O-GlcNAc seem to be involved with tumor invasion
and distant metastasis. Several lines of research
suggested that decreasing levels of O-GIcNAc by
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OGT inhibition or OGT knockdown could reduce
migration and invasion of cancer cells in vitro and
decrease distant metastasis in vivo in breast, prostate,
and colorectal cancer. Champattanachai et al® showed
an increase of OGT protein and O-GlcNAc levels
relating to the histological grade of breast tumors.
Furthermore, Slawson et al® showed an association
of increased OGA activity and breast cancer tumor
grade.

Until now, there is a lack of information about
O-GlcNAc-modified proteins and their roles in
osteosarcoma. In the present study, the authors
studied the level of O-GlcNAc, expression of OGT
and OGA in patient-derived osteosarcoma cells using
immunoblotting analysis. The authors also explored
an association of O-GIcNAc profile and its regulating
enzymes with clinical outcomes of the patients.

Materials and Methods
Patients characteristics

Primary osteosarcoma cells were derived from
seven selected osteosarcoma patients diagnosed
as stage [IB osteosarcoma and treated at Maharaj
Nakorn Chiang Mai Hospital, Thailand. Patients had
been treated with a standard neoadjuvant regimen or
underwent surgery at Maharaj Nakorn Chiang Mai
Hospital. Exclusion criteria were patient who died
from other systemic disease or accidental trauma and
patient who had been diagnosed with serious systemic
diseases that restricted tumor surgery.

The Research Ethics Committee of the Faculty of
Medicine, Chiang Mai University, approved the present
study. Clinicopathologic characteristics, including
age, gender, Enneking staging, chemotherapy,
percentage of tumor necrosis, and metastasis status is
shown in Table 1. The response of treatment, defined
by the tumor necrosis in the previous study, showed
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Figure 1. Immunoblots of O-GlcNAcylation, OGT, and OGA.

0S=osteosarcoma primary cells

a significant greater result of 90% tumor necrosis'?.
Metastasis is indicated if the cancer was identified in
distant organ by computed tomography.

Primary cells and culture condition

All primary osteosarcoma cells were derived
from musculoskeletal, sciences, and Translational
Research Biobank. Primary osteosarcoma cells
were isolated from chemo-naive tissues of the seven
patients'V at Maharaj Nakorn Chiang Mai Hospital.
All cells were cultured and maintained in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented
with 10% fetal calf serum (Invitrogen™) and 1%
penicillin and streptomycin (Invitrogen™). All
primary cells were incubated at 37°C in a humidified
chamber with 5% CO-. Culture medium was refreshed
every two days until 80% confluence.

Protein extraction and western blotting analysis
Whole cell lysates were extracted using
radio-immunoprecipitation assay (RIPA) buffer
supplemented with protease inhibitor and Thimet-G.
Total protein concentration in the whole cell lysates
was first determined by Bradford assay according to
the manufacturer’s protocol. The absorbance is then
measured by using microplate reader (Sunrise™,
Tecan). Each whole cell lysate sample was denatured
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by heating at 100°C for five minutes in a sampling
buffer. Ten pg of protein of whole cell lysates
reduced for titrate error were separated on sodium
dodecyl sulfate polyacrylamide gels (SDS-PAGE)
and transferred to polyvinylidene difluoride (PVDF)
membranes. After transferring, the membranes were
blocked with 1% casein in phosphate buffered saline
(PBS), buffer at room temperature for one hour with
gentle agitation. Then, the membranes were incubated
with primary antibody against B-Actin (Santa Cruz
Biotechnology, Inc.), O-GlcNAc (RL2, Santa Cruz
Biotechnology, Inc.), OGT (F-12, RL2, Santa Cruz
Biotechnology, Inc.) or OGA (ab124807, Abcam)
at 4°C for 16 to 18 hours. The membranes were
washed three times with PBS buffer for 15 minutes
each time. Secondary antibodies in 1% casein PBS,
including horseradish peroxidase (HRP)-conjugated
antibodies against mouse immunoglobulins or
rabbit immunoglobulins, where then added into the
membranes at dilution 1:5,000 for one hour at room
temperature. After washing with PBS buffer, reserve
chemiluminescent reagent (KPL, Gaithersburg,
MD, USA) was used as a substrate. The signal was
later captured by a CCD camera attached to the
ChemiDoc XRS gel documentation system (Bio-Rad
Laboratories). This protocol was repeated three times.

Image analysis

Scion Image software was used to quantify the
intensities of all O-GlcNAcylated protein, OGT,
and OGA bands in the same level by using line
and measured the area under the graph. Level of
O-GlcNAcylated proteins, OGT, and OGA of each
sample was normalized by -Actin expression.

Statistical analysis

Statistical analysis was performed using
GraphPad Prism, version 8.0.1 (GraphPad Software,
Inc., San Diego, CA, USA). The different levels of
O-GlcNAc, OGT, and OGA among osteosarcoma cells
and association to clinicopathological characteristic of
patients were tested using Student’s t-test.

Results
Level of 0-GIcNAc, OGT, and OGA expression levels in
osteosarcoma cells

Levels of O-GlcNAc, OGT, and OGA were
examined in seven cases of primary osteosarcoma
cells using immunoblotting technique as shown in
Figure 1. The results revealed variable levels of
O-GIcNAc in the osteosarcoma cells. The results
showed a tendency of higher OGT expression in the
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Table 2. Level of 0-GIcNAc and expression of OGT and OGA in primary osteosarcoma cells

Factor Total Expression levels; mean=SD
patients 0-GlcNAcylated proteins  p-value OGT p-value 0GA p-value
Distant invasion 0.20 0.17 0.52
Non-metastasis 4 5.32%#1.57 0.51+0.26 0.58+0.26
Metastasis 3 6.96+1.25 0.76+0.10 0.69+0.06
Chemoresistance 0.06 0.02* 0.04*
Good responders (tumor necrosis 290%) 3 4.77+1.37 0.41+0.21 0.47+0.15
Poor responders (tumor necrosis <90%) 4 6.97+1.25 0.77+0.08 0.75+0.13
Status 0.20 0.17 0.52
Alive 4 5.32+1.57 0.51+0.26 0.58+0.26
Died 3 6.96+1.25 0.76+0.10 0.69+0.06

OGT=0-GlcNAc transferase; 0GA=0-GlcNAcase

* p<0.05 is considered significant

metastasis primary osteosarcoma cells compared with
the non-metastasis primary osteosarcoma.

Correlation of levels of 0-GIcNAc, OGT, OGA, and
clinicopathological factors

O-GlcNAc and OGT levels were elevated in
metastasis, poor responders, and dead group (Table 2).
Furthermore, the osteosarcoma patients who poorly
responded to chemotherapy (tumor necrosis of less
than 90%) expressed higher levels of OGT compared
with the good responders (tumor necrosis of 90% or
more) (p=0.04) as shown in Table 2.

Discussion

From the current knowledge, the present
study is the first study that investigated levels
of O-GlcNAcylated proteins, OGT, and OGA in
osteosarcoma. Levels of O-GlcNAc as well as
expression of OGT and OGA were observed in
primary osteosarcoma cells derived from chemo-naive
tissues of osteosarcoma patients.

To minimize the inconsistence of treatment
decision and clinical outcome, the study focused
to observe protein expression in osteosarcoma with
clinical stage IIB, which is the most commonly
detected.

Accumulating evidences revealed increasing
levels of O-GIcNAc and OGT in various diseases
including cancers. The study of pancreatic tumors
indicated higher O-GIcNAc and OGT levels, together
with down-regulated expression of OGA in cancerous
tissues in comparison to normal tissues!'?. Lynch
et al showed that O-GlcNAc and OGT levels were
higher in prostate cancer cells compared with normal
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cells lines"?. Furthermore, Itkonen et al suggested
that OGT inhibitor could be used as a target therapy
for prostate cancer, in that OGT was upregulated
in prostate cancer and inhibition of OGT reduced
¢c-MYC protein stability'?. Besides from prostate
cancer, it is reported that O-GIcNAc levels and an
expression of OGT was upregulated in breast cancer
cells®!®, Moreover, Gu et al also found that level
of O-GlcNAc was upregulated in breast cancer
tissues and metastatic lymph node"®. Interestingly,
Champattanachai et al found that upregulated OGT
was related with degree of cell differentiation and
OGT knockdown of breast cancer cell lines resulting
in decrease colony formation, but not affecting cell
viability or cell proliferation®.

The present study revealed that OGT level was
significantly associated with chemo-response in stage
IIB osteosarcoma patients, in which expression of
OGT was higher in patients who poorly responded to
chemotherapy compared to good responders. Roles
of OGT on an aggressiveness of cancers have been
widely studied. Krzeslak et al measured O-GlcNAc
cycling enzymes messenger RNA (mRNA) levels in
76 endometrial cancer patients using real-time reverse
transcription polymerase chain reaction (RT-PCR)
analysis. Both OGT and OGA mRNA expression
were significantly higher in high grade tumors
compared with low grade groups. They also showed
an association between OGT and OGA expression
and myometrial invasion'”, indicating that OGT was
related to aggressiveness and prognosis of cancer
cells. Furthermore, a significant decrease of in vitro
cell migration and invasion upon OGT knockdown
was observed in three different breast cell lines!®.

145



From the study of Caldwell, inhibition of OGT for
treatment in MCF-10A-ErbB2 and MDA-MB-231
breast tumor cells by using Transwell assays shows
a decrease of cell migration’>. OGT knockdown in
the PC3-ML prostate tumor cell line also reduced
their ability to migrate compared with control cells!'.
Another study in prostate tumor cells demonstrated
that OGT knockdown decreased invasiveness of
LNCaP cells"®.

Correlation of levels of O-GlcNAc, OGT as well
as OGA and status of patient after diagnosis were
investigated in the present study. The results showed
a relationship between OGT and O-GlcNAc level
with status after diagnosis of stage [IB-osteosarcoma
patients but not OGA. Higher level of OGT and
O-GlIcNAc were associated with dead patients.
Elevated O-GlcNAc and altered expression of its
cycling enzymes were previously observed in nearly
all cancer types. OGT overexpression was associated
with prostate cancer progression and recurrence,
and high O-GlcNAc immunohistochemistry (IHC)
staining was an independent prognostic factor for
poor survival®™®. Lin et al showed that the high-OGT
group of patients with lung adenocarcinoma had
shorter recurrence free survival and overall survival
in comparison with the low-OGT"?. Pham et al also
showed that patients with high OGT expression
in diffuse large B-cell lymphoma had the worst
progression free survival compared with patients
with low or intermediate OGT mRNA expression©?,
Recent study from Xu et al that the 3-year overall
survival rate in patient with high OGT expression was
lower than that with low expression®".

The present study was performed in limited
number of cases, thereby the finding required further
validation in a larger cohort.

Conclusion

From a previous study, increased OGT levels
were used as prognostic factors in various type of
cancer but there are still lack of information about
OGT levels and their roles in osteosarcoma. The
present study showed significant higher levels of OGT
in osteosarcoma cells line isolated from patients who
poorly responded to chemotherapy. Furthermore, level
of OGT relates to aggressiveness of osteosarcoma.
These findings suggest that the intensive study
of O-GIcNAc in specific protein might reveal the
pathogenesis of osteosarcoma.

What is already known on this topic?
Several studies reported the O-GIcNAc protein
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and the increased OGT levels were used as prognostic
factors in various type of cancer.

What this study adds?

This study showed significant higher levels of
OGT in osteosarcoma patients that poorly responded
to chemotherapy.
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