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ABSTRACT 

Malignant tumour cells secrete extracellular matrix (ECM) proteins with growth factors and 
cytokines to promote cell motility and adhesion for metastasis. The cell-ECM adhesion sites are 
comprised of integrin-bound ECM proteins, which are glycoconjugates, susceptible to the aberrant 
glycosylation resulting in alterations of cell-ECM adhesion dynamics. Inhibition of glycosylation 
could decrease the rate of invasiveness in metastatic tumour cells like osteosarcoma (OS), of which 
the underlying mechanism is still unknown. Hence, this study aims to determine the effect of 
glucosidase inhibitors towards the expression of ECM proteins in metastatic OS cell lines. OS cells 
(MG63) were treated with 0.5 mM of 1-deoxynojirimycin (1-DNJ). Analyses such as the 
glycosylation assay, ECM-cell adhesion assay, scratch assay, and Western blot analysis were 
performed after a 24-h treatment for each respective sample. The expression level of glycosylated 
proteins was the highest in non-treated MG63 cells. The cell migration rate was increased in MG63 
cells treated with 1-DNJ compared to the normal osteoblast cells. The cell adhesion assay results 
showed an increased rate of cell adhesion towards vitronectin but decreased adhesion rate towards 
collagen (types I, II, and IV), fibronectin, laminin, and tenascin in 1-DNJ-treated OS cells. Western 
blot analysis presented a high expression level of fibronectin, vitronectin, and collagen type II in 
both non-treated and treated groups of MG63 cells. The inhibitory effect of 1-DNJ upregulates ECM 
remodelling by disrupting integrin from binding to the ECM proteins, subsequently increasing the 
migration rate of metastatic OS cells.   
 
Keywords: extracellular matrix protein; 1-Deoxynojirimycin; integrin glycosylation; cell adhesion 
rate; migration assay 
 
 
INTRODUCTION  
 
Approximately 1000 cases of osteosarcoma (OS) are reported annually in the United States, which 
predominantly affect children and adolescents between 10 and 20, although a bimodal age 
distribution could be seen after 65 years of age following a second peak of invasion (American 
Cancer Society, AICR, 2020). Despite advances in multimodal therapy, OS disease management 

~ Borneo 
'(" ~ Akademika 



76 Zulaika Roslan et al. / Borneo Akademika (2023) Vol. 7, No. 2 

 

remains challenging due to its high rate of metastasis, whereby 30% to 40% of patients experienced 
relapse (Ben Kridis et al., 2022) and 20% presented with metastasis upon first diagnosis (Zhang et 
al., 2019). The rapid disease progression of OS imposes poor prognosis, as indicated in the 
reduced survival rate by 20% following lung metastasis (Rathore & Van Tine, 2021). Nonetheless, 
the mechanism attributable to metastatic OS remains incomprehensive due to involvement of 
multiple cellular proteins tightly regulated by their own signalling pathway. 
 The invasion by malignant cells is initiated by a signalling pathway that regulates interactions 
between the cytoskeletal network and cell-extracellular matrix (ECM) concurrently with cell-cell 
interactions, resulting in various cell-ECM adhesion strength (Masi et al., 2020). Reorganisation of 
malignant cell attachment to the ECM enables their dissociation from the original tumour mass, 
leading to the degradation of surrounding ECM and tissue invasion or intravasation into blood 
vessels, travelling to distant cells through the circulation (Welch & Hurst, 2019). The binding of cells 
to the ECM is mainly provided by the transmembrane integrin receptor, which involves interaction 
with ECM ligands (ECM proteins) including fibronectin, laminin, and collagen (Doyle et al., 2022). 
Similarly, vitronectin, another type of adhesive glycoprotein, has been reported as a link between 
cells and ECM through integrins (Burgos-Panadero et al., 2019). 
 The involvement of integrin in metastasis is highly relevant, as reported recently, whereby 
inhibition of alpha-5 beta-3 integrin impaired cell adhesion and hindered cell migration in MDA-MB-
231 malignant breast cancer cell lines (Altei et al., 2020). More importantly, integrins and the ECM 
proteins are glycoconjugates, mostly comprising of N-glycans, O-glycans, and glycosaminoglycans 
that represent extreme structural diversity, contributing to the dynamic interactions between integrin 
and the ECM network (Marsico et al., 2018). Although glycosylation is tightly regulated due to the 
vast diversity and complex characteristics of glycans on the resulting glycoconjugates, any 
dysregulation of the process could lead to the impairment of a glycoprotein crucial for normal 
cellular function, leading to pathological condition if neither detected nor corrected (Reily et al., 
2019). Nonetheless, many compounds exert an inhibitory effect towards glycosylation, one of which 
is the 1-deoxynojirimycin (1-DNJ), an iminosugar also known as duvoglustat or moranoline, 
reported as a potent α-glucosidase inhibitor (Wang et al., 2020). For instance, the inhibition of 
metastatic B16F10 melanoma cells is indicated by a significant decrease in cell adhesion and 
migration rate, reducing invasion and cell-matrix adhesion through the suppression of MMP2 and 
MMP9 activities and expression  (Wang et al., 2010). 
 While aberrant glycosylation is indisputable for cancer progression, the dysregulation of ECM 
remodelling is inevitable for malignant cell migration and invasion. The imperative associations 
between these events during metastasis have been well documented in other cancers but remain 
elusive for OS. Therefore, this study aims to investigate the effect of aberrant glycosylation inhibition 
on the malignancy capacity of OS cells. It is hypothesised that inhibition with α-glucosidase inhibitor 
(1-DNJ) influences the organisation of the cell-ECM adhesion, hence modulating the 
aggressiveness of cancer cells. The outcome of this study will contribute to a better understanding 
of the underlying mechanism for OS metastasis towards the development of potential OS 
therapeutics.  
 
METHODOLOGY 
 
Cell culture   
 
Human OS cells, MG63, were purchased from the American Type Culture Collection (ATCC, USA) 
and sub-cultivated regularly in 1× Dulbecco's modified Eagle medium F12 (DMEM-F12) growth 
medium with phenol red, supplemented with 10% foetal bovine serum (FBS), 100 mg/mL of 
penicillin G, and 100 mg/mL of streptomycin (Nacalai Tesque, Japan) at 37°C in a humidified 
incubator at 5% CO2. Normal human osteoblast cells, hFOB1.19 (ATCC, USA), were maintained in 
DMEM-F12 without phenol red (Nacalai Tesque, Japan) supplemented with a similar composition 
to the MG63 cells and incubated in the CO2 incubator. 
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The inhibitor   
 
The α-glucosidase-I/II inhibitor, 1-DNJ, was purchased from Cayman Chemical (Cayman Chemical, 
USA). The concentrated stock was prepared using a purged DMSO to avoid oxidation. The DMSO 
(Sigma Aldrich, USA) was placed in a tightly closed hypoxia incubator chamber (Billup-Rothenberg, 
USA), with the gas inlet connected to the nitrogen gas supply. The gas pressure was set at two psi. 
The oxygen gas inside the chamber was released through the gas outlet by allowing the nitrogen 
gas to flow inside the chamber through the gas inlet for 3 min, by which both the gas inlet and outlet 
were clamped simultaneously to stop the gas flow. Subsequently, the DMSO was incubated inside 
the chamber for 10 min per 1 mL of solvent. After incubation, the gas inlet was opened, followed by 
the gas outlet to de-gas the chamber. The purged DMSO was then used to dissolve the 1-DNJ into 
50 mM stock concentration and stored at -20°C until further use. 
 
Glycosylation assay 
 
Glycosylated proteins in the control sample (hFOB1.19 cells) and test sample (MG63 cells) were 
detected using the Glycoprotein Staining Kit (PIERCE, Thermo Scientific, USA). Prior to the assay, 
both cells were treated with 0.5 mM of 1-DNJ for 24 h at 37°C in a humidified incubator at 5% CO2, 
according to Mustafa and colleagues, hence why only one concentration was used (Mustafa et al., 
2019). The non-treated cells were also incubated in the same condition. Subsequently, the total 
cellular protein was extracted using the RIPA lysis buffer. The cells were washed twice with ice-
cold 1× PBS (Sigma-Aldrich, USA) and enzymatically detached using trypsin (Nacalai Tesque, 
Japan), followed by centrifugation at 252 × g for 5 min at 20°C. Cell pellets were resuspended with 
500 µL of 1× ice-cold RIPA buffer (PIERCE, USA) premixed with protease inhibitor (Thermo 
Scientific, USA), followed by constant agitation on the orbital shaker at 4°C for 30 min. Next, the 
cell suspension was sonicated in a water-bath sonicator for 20 min on ice and centrifuged at 10000 
× g for 20 min at 4°C. Finally, the supernatant containing the protein was aspirated into new tubes, 
and quantification was performed using the Bradford protein assay kit (Bio-Rad, USA).  
 For the glycosylation assay, 100 µg of isolated protein from each group of cells (treated and 
non-treated) was separated via SDS-PAGE (80 V; 1 h and 30 min) in the presence of bovine serum 
albumin (BSA, positive control) and soya bean (negative control). Subsequently, the gel was fixed 
by complete immersion in 100 mL of 50% methanol for 30 min. The methanol solution was then 
discarded and replaced with 100 mL of 3% acetic acid for 10 min before being washed twice with 
ultrapure water by gentle agitation for 10 min. The gel was transferred to a tray containing 25 mL 
of oxidising solution and gently shaken for 15 min, followed by three times washing with 100 mL of 
3% acetic acid by gentle shaking for 5 min. The gel was then transferred into 25 mL of reducing 
solution for 5 min before the final step of extensive washing with 3% acetic acid, followed by 
ultrapure water. The glycoproteins were then visualised using the Gel Doc (Bio-Rad, USA) imaging 
system. 
 
Scratch assay 
 
The scratch assay was performed post-24-h treatment with 1-DNJ at the concentration of 0.5 mM. 
Monolayers of the MG63 and hFOB1.19 (control) cells at 3.0 × 105 cells per well in the 6-well culture 
plate were treated with 1-DNJ (0.5 mM) in the CO2 incubator. At the end of the 24-hour incubation, 
the treatment media was discarded. The monolayer was scratched by drawing a straight line at a 
45° angle in the middle of the well with a 200-µL yellow micropipette tip. The scratching was also 
performed on the non-treated cells post-24-h culture, assigned as the negative control. 
Subsequently, 5 mL of maintenance medium was added to each well before further incubation at 
37°C in a CO2 incubator. The morphology of the cells was observed and recorded for any 
differences at 0 h (immediately after scratching) and at 24- and 48-h post-scratch. Estimation of the 
value corresponding to the scratched area was measured using the Image J software (NIH, USA).  
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Extracellular matrix (ECM) adhesion assay 
 
The rate of cell adherence to the ECM was measured using the ECM Cell Adhesion Array Kit 
(Chemicon International, Canada) according to the protocol by the manufacturer. The MG63 cells 
in a 96-well plate (1.0 × 105 cells/well) were washed thrice with 200 µL of the assay buffer. Next, 
100 µL of the cell stain solution was added to each well, followed by a 5 min incubation at room 
temperature. Then, the cell stain solution was discarded, and the plate was gently washed with 
deionised water five times before being air-dried for several minutes. Subsequently, the extraction 
buffer was added to each well, and the plate was incubated on the orbital shaker at room 
temperature for 10 min until the cell-bound stain was completely solubilised. Finally, the absorbance 
was measured at the wavelength between 540–570 nm on the microplate reader Victor 5 
(PerkinElmer, USA). 
 
Western blot analysis 
 
The expression of target proteins was determined by Western blot analysis. Total cellular protein 
was isolated from the non-treated (control) and treated with 1-DNJ cells. Treatment of the 
compound was performed at the concentration of 0.5 mM for 24 h at 37°C in a CO2 incubator. After 
a 24-hour incubation, the treatment media was removed, and the cells were washed twice with ice-
cold 1× PBS, followed by enzyme trypsinisation. The detached cells were collected in a microtube 
and centrifuged at 10000 × g for 5 min in a pre-chilled microcentrifuge. Subsequently, the 
supernatant was discarded, and RIPA buffer (PIERCE, Thermo Scientific, USA) was added to the 
cell pellet for cell lysis, followed by the addition of Protease Inhibitor Mini Tablet (PIERCE, Thermo 
Scientific, USA). The concentration of isolated proteins was quantified using the Bradford protein 
assay kit (Bio-Rad, USA). Approximately 200 µg of total cellular protein was loaded into each well 
and subjected to SDS-PAGE of 12% gel at 80 V with a running time of 1 h and 30 min. The 
separated proteins were transferred onto a 0.2 µm nitrocellulose membrane for immunoblotting, 
followed by blocking with 5% BSA diluted with 1× TBST for 1 h at 4°C and subsequently an 
overnight incubation at 4°C with monoclonal primary antibodies for fibronectin, vitronectin, collagen 
type II, and beta-actin (1:1000 ratio; Abcam, USA). After the incubation, the membrane was washed 
with 1× TBST thrice before being incubated at 4°C with the secondary conjugated-HRP antibody 
(1:1000 ratio) for 1 h. Finally, the conjugated membrane was immersed in SuperSignal™ West Pico 
PLUS Chemiluminescent Substrate (Thermo Scientific, USA) for 5 min for protein band 
visualisation and captured using an immunoscanner (Li-COR, USA), followed by quantification 
using MyImage Analysis software (Thermo Scientific, USA).  
 
Statistical analysis 
 
Each assay was repeated three times independently, and the data were presented as mean ± 
standard deviation (SD). Statistical analysis was performed by one-way ANOVA test and further 
compared with Tukey’s comparison multiple tests by GraphPad Prism Software (Version 9.0.0, San 
Diego, California, USA), and the value of p < 0.05 was regarded as significant. 

 
RESULTS AND DISCUSSION 
 
Presence of glycosylated proteins via glycosylation assay 
 
Glycosylated protein detection was expressed as a single band in the SDS-PAGE gel profile, as 
shown in Figure 1. Although the intensity of the bands detected for all samples is not relatively 
comparable to that of the positive control (BSA), the level of expression is the highest in MG63 cells 
when compared with the normal osteoblasts hFOB1.19, followed by the band separated from MG63 
cells treated with 1-DNJ. No remarkable difference is observed in the intensity between the 1-DNJ 
treated with the control cells (HFOB1.19), whereby both bands appeared as less intense than the 
MG63 cells.  
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 Despite the importance of glycosylation towards rendering functional proteins, aberrant 
glycosylation is attributable to an elevated rate of cancer cell invasion, eventually leading to rapid 
metastasis (Oliveira-Ferrer et al., 2017). Unlike normal cells, cancer cells comprise several 
alterations in their glycoconjugate counterparts with specific modifications, stimulating tumour cell 
invasiveness and, consequently, metastasis to secondary sites (Pinho & Reis, 2015). Such process 
has been documented for breast and colon cancers, but knowledge on the role of aberrant 
glycosylation in solid tumour cancer like OS is still lacking. Moreover, aberrant glycosylation 
imposes on the interactions between integrin and the ECM network. Therefore, this study 
investigated the association between aberrant glycosylation and integrin by disrupting glycosylation 
with an α-glucosidase-I/II inhibitor, 1-DNJ. Despite the absence of prior reports on glycosylated 
proteins in OS cells, their presence was evident not only in the MG63 cells but also in the normal 
osteoblast cells (hFOB1.19), as indicated by the glycosylation assay result in Figure 1. More 
importantly, the intensity of the band was reduced prominently in cells treated with 1-DNJ than the 
non-treated MG63 cells, indicating the inhibitory activity of the compound. Until recently, no one 
has ever used the α-glucosidase-I/II inhibitor 1-DNJ as a glycosylation inhibitor in OS, particularly 
in MG63 cells. 
                                                                                     

 

 
Figure 1: The SDS-PAGE gel profile of glycosylation assay. A single band is detected in all samples, indicating the presence of 
glycosylated proteins. Lane 1: Positive control (BSA); Lane 2: Negative control (soya bean); Lane 3: hFOB1.19 cells; Lane 4: 

hFOB1.19 cells treated with 1-DNJ at 0.5 mM; Lane 5: MG63 cells; Lane 6: MG63 cells treated with 1-DNJ at 0.5 mM. 
 
Rate of cell migration via scratch assay 
 
The area of closure at post-scratch time (h) was referred to as the remaining area uncovered by 
the cells, expressed as fold value over time. Compared with the control hFOB1.19 cells, treatment 
with 1-DNJ increased the rate of migration, presented by the total wound closure at 24-h post-
treatment (Figure 2) and a significant decrease in the fold value of 0.03 (p < 0.05) against 0.18 (p 
< 0.05) for the non-treated hFOB1.19 cells (Figure 3a). The rate of migration of the MG63 cells is 
significantly decreased compared to the control, indicated by the large, uncovered area (Figure 2), 
with a higher fold value of 0.76 (p < 0.05), as shown in Figure 3b. A similar pattern of reduced 
migration rate is observed in MG63 cells treated with 1-DNJ, with a significant fold value of 0.63 (p 
< 0.05, Figure 3b), higher than that of the control. However, the rate of migration is significantly 
increased when the 1-DNJ-treated MG63 cells are compared against the non-treated MG63 cells, 
shown as almost total closure at 48-h post-treatment (Figure 2) and presented by the decreased 
fold value from 0.71 to 0.46 (p < 0.05, Figure 3b). 
 Glycosylated proteins are detected not only in the OS (MG63) cells but also in the normal 
osteoblast cells (hFOB1.19), as depicted in the glycosylation assay result in Figure 1. More 
importantly, the intensity of the band was reduced prominently in cells treated with 1-DNJ compared 
to the non-treated MG63 cells, indicating the inhibitory activity of the compound. Subsequently, the 
scratch assay (wound assay) was performed to assess the 1-DNJ inhibitory effect on the rate of 
migration of the normal osteoblast hFOB1.19 cells and metastatic MG63 cells against the control. 
 The result of the scratch assay showed that, compared to the control, inhibition of the 
hFOB1.19 cells with 1-DNJ significantly increased the cell migration rate, indicated by the total 
wound closure after 24 h of compound treatment. The rapid migration rate of the normal osteoblast 
cells corroborated with the wound healing mechanism, involving collective migration of cells in a 
two-dimensional confluent monolayer, whereby cells adjacent to the wound margin became highly 
polarised due to the force by the actin cytoskeleton. Subsequently, the cells progressed into 
pseudopodium-like outward projections into the free space before detachment for migration 



80 Zulaika Roslan et al. / Borneo Akademika (2023) Vol. 7, No. 2 

 

(Whitelaw et al., 2020). Compared with the control, the reduced migration rate of the non-treated 
MG63 cells was anticipated since tumour cells require a longer transition time from the sessile to 
the polarised state, resulting in a slower onset of migration (Sigismund et al., 2021). Nevertheless, 
the rate of cell migration in the MG63 cells treated with 1-DNJ was unexpectedly higher than the 
control. This could be attributed to the inhibition of alpha-glucosidase-I/II of the integrin, which 
disrupted binding towards the ligands or ECM proteins and increased the dissociation between the 
ECM and cytoskeleton (Park et al., 2020), consequently increasing the rate of migration. 

 
Figure 2: Presentation of scratched areas in the test samples. The width of the scratched area is calculated as the average distance 
between the edges of the scratch, which decreases over time, equivalent to the migration rate (values not shown). Inhibition with 1-

DNJ in OS cells, MG63, increased the migration rate, indicated by the smaller area width left uncovered compared to that of the non-
treated cells. 

 
Rate of adherence of the ECM proteins via adhesion assay 
 
The ECM Cell Adhesion Assay Kit (ECM540; Chemicon International, Canada) was utilised to 
assess the specific cell surface integrins towards the ECM proteins. The kit comprised of ECM 
proteins: collagen I (Col I), collagen II (Col II), collagen IV (Col IV), fibronectin (FN), laminin (LN), 
tenascin (TN), vitronectin (VN), and BSA as control. Except for VN, the result showed a higher 
percentage of cell adhesion towards all the other ECM proteins in the non-treated MG63 cells 
compared to the cells treated with 0.5 mM of 1-DNJ, as presented in Figure 4.  
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(a) 

                   
(b) 

 
Figure 3: The closure of the scratched area. Closure of the scratched area is expressed as the remaining area 

uncovered by the cells in (a) hFOB1.19 and (b) MG63 cells. The scratched area at 0 h was set to 1. All data are 
presented as mean ± SD, and each experiment was repeated three times (n = 3) per group. *P < 0.05 for 24 h vs 0 h; 

#P < 0.05 for 48 h vs 0 h. 
 

                     
Figure 4: The percentage of cell adherence towards ECM proteins in OS cells. Adhered cells were compared between 
the non-treated MG63 cells and treated with 1-DNJ at 0.5 mM relative to BSA. All data are presented as mean ± SD of 
three experimental replicates (n = 3). Non-treated cells showed a significantly higher percentage of adherence towards 

all ECM proteins, except for VN (*P < 0.05), compared to cells treated with 1-DNJ. 
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 Except for vitronectin, the MG63 cell adhesion rate was elevated towards all the other ECM 
proteins. As reported with other malignancies, which had undergone various levels of ECM 
remodelling within the metastatic niche (Patras et al., 2023), the ECM remodelling was initiated by 
circulating tumour cells (CTCs) that secreted the integrins with abound fibronectin and laminin 
towards endothelial cells deposition and assembly of fibrillar fibronectin (Kai et al., 2019). 
Meanwhile, being the major component of ECM, collagen and its subtypes indisputably dominate 
ECM remodelling (Diller & Tabor, 2022). In this study, OS cells exhibit the highest rate of adherence 
towards tenascin, which corroborated a previous report that the ECM protein was highly expressed 
in cancer tissues (Sun et al., 2018). The abundance of tenascin in metastasised cells is attributable 
to its multiple cellular sources, which include cancer cells, stromal cells, and vascular cells (Sun et 
al., 2019). Essentially, the CTC extravasation from the circulation into the new tissue for metastasis 
is dependent on the ECM remodelling, which involves the ECM proteins, thus increasing its 
secretion or expression within the metastatic cascade, concurrent with the finding in this study.  
 The dynamic interaction between integrin and the ECM was well described, particularly the 
post-translational modifications (PTMs), such as glycosylation of the ECM components 
glycosaminoglycan (GAG) and proteoglycan (PG). More importantly, integrins are also susceptible 
to glycosylation, with an increased chance of aberrancy during metastasis and eventually altering 
ECM remodelling (Singh et al., 2018). As a result, inhibition of the aberrant glycosylation by the 1-
DNJ significantly reduced the percentage of adhered cells to ECM proteins, as demonstrated in this 
study. However, the result of vitronectin presented otherwise, whereby the percentage of adhered 
cells was increased significantly after inhibition with 1-DNJ instead of reduction, as with the other 
ECM proteins. A plausible explanation is the function of vitronectin, i.e., as the key controller of 
mammalian tissue repair and remodelling activity, following its detection in many tissues after 
exposure to trauma or stress (Goyal & Ta, 2020). Hence, this function could overcome the aberrant 
glycosylation and the inhibitory activity of 1-DNJ within the OS cells.  
 
Expression of target proteins via Western blot analysis 
 
Western blot analysis was performed for ECM proteins fibronectin, vitronectin, and collagen type 
II, and their level of expression in test samples was compared to that of the control, hFOB1.19 cells. 
The expression level of fibronectin at 263 kDa (Figure 5a) is higher in the non-treated and treated 
MG63 cells, with a significant difference of p < 0.05 against fibronectin expressed by the control 
(Figure 5b). No significant difference in the level of expression of vitronectin (75 kDa) is noted 
between both groups of MG63 cells with the control, as shown in Figure 5c. Meanwhile, Figure 5a 
shows the elevated expression level of collagen type II at 40 kDa in the non-treated and treated 
MG63 cells compared to the control, with a significant difference (p < 0.05) indicated by the 
histogram in Figure 5d. Although not significant, the hFOB1.19 cells treated with 1-DNJ presented 
lower expression levels for all three ECM proteins against the control (Figure 5a). 
 The level of expression of three ECM proteins in the metastatic OS cells (MG63) of both 
groups measured by Western blot was compared against the normal osteoblast cells (hFOB1.19). 
The result showed a significant increase in the expression of fibronectin and collagen type II in the 
non-treated group, which corroborated with the high percentage of cells that adhered to both ECM 
proteins. No significant change was seen for vitronectin expression in the same group, most likely 
the reason for the low percentage of cells abound to this ECM protein, as measured by the ECM 
adhesion assay. Meanwhile, a contrasting level of expression for both fibronectin and collagen type 
II was seen in the MG63 cells treated with 1-DNJ. Although not significant, the elevated expression 
level could be attributable to the inhibitory effect of 1-DNJ, resulting in the upregulation of the ECM 
remodelling in the metastatic niche. 
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Figure 5: Western blot analysis of ECM protein expression in hFOB1.19 and MG63 cells of non-treated and 1-DNJ treated groups. (a) 
The ECM proteins fibronectin, vitronectin, and collagen type II are expressed at 263 kDa, 75 kDa, and 40 kDa. The level of expression 

of the ECM proteins (b) fibronectin, (c) vitronectin, and (d) collagen type II was compared with that of the control, hFOB1.19, by 
measuring the intensity of the bands. All data are presented as mean ± SD of three experimental replicates (n = 3). 

 
FINDINGS 
 
The effects of glycosylation on cell-matrix interaction by modifying the functions of anchoring 
proteins and extracellular basement membrane proteins including integrins, laminin, fibronectin, 
and collagen in the ECM are well established (Thomas et al., 2021). Thus, the observation on the 
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effect of 1-DNJ on ECM is a preliminary result. To facilitate comprehensive future research, flow 
cytometry with scanning electron microscopy (SEM) techniques should be incorporated to further 
visualise the relationship between 1-DNJ effects and ECM proteins. 
 
CONCLUSIONS 
 
The aberrant post-translational modifications (PTMs) of the extracellular matrix (ECM) ligands in 
malignant cells that cause architectural modifications in the ECM rendered them a potential target 
for PTM inhibitors such as those used in this study. The findings of the study reveal that inhibition 
of alpha-glucosidase-I/II of the integrin disrupted the binding of the ECM proteins, resulting in the 
upregulation of ECM remodelling in metastatic OS cells. These current findings provide new insight 
towards the development of targeted therapeutic for OS through modulation of the integrin-ECM 
proteins association in tumour progression. 
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