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Abstract: Study of alterations in Osteoarthritis (OA) of Glypicans 1 to 6 (GPCs) and Notum in plasma, bone 
marrow mesenchymal stromal cells (BM-MSCs) and osteoblasts. Plasma levels of GPCs and Notum were 
measured of 25 patients and 24 healthy subjects. In addition, BM-MSCs from eight OA patients and eight 
healthy donors were cultured during 21 days with culture medium and osteogenic medium. Protein and gene 
expression levels of GPCs and Notum were determined by ELISA and qPCR at 0, 7 ,14 and 21 days. GPC5 and 
Notum have been found decreased in OA patients’ plasma. OA BM-MSCs showed downexpression of GPC6 
and upregulation of Notum. A decrease in GPC5 and Notum proteins and an increase in GPC3 were found. 
During osteogenic differentiation, elevated GPC2, 4, 5, 6 and Notum mRNA levels and decreased GPC3 were 
observed in OA. Furthermore, the protein levels of GPC2, GPC5 and Notum decreased and GPC3 increased. 
Glypicans and Notum are altered in BM-MSCs and during osteogenic differentiation from patients with OA. 
Furthermore, GPC5 and Notum can be proposed as new biomarkers of the pathology. The alterations found 
indicate that Notum could be a promising therapeutic strategy for Osteoarthritis. 
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1. Introduction 
In the global context, Osteoarthritis (OA) shows a prevalence with a growing dynamic related 

to the increase in risk factors such as obesity and greater aging of the population [1]. This joint disease 
affects the articular cartilage, subchondral bone, ligaments and synovial membrane [2]. Among the 
most characteristic symptoms of OA are pain, stiffness, reduced movement, swelling and joint 
crepitation [3]. 

Currently, there are no effective medications to treat Osteoarthritis. The most commonly used 
pharmacological option are analgesics to relieve pain and, in more advanced cases, joint replacement 
surgery [4]. Now a days, OA is one of the priority challenges for health systems. Given the high 
prevalence and disability of patients with osteoarthritis, it is essential to find drugs that can minimize 
the effects of OA. 

Mesenchymal stem cells (MSCs) are cells that have the ability to differentiate into cells of the 
mesodermal lineage, such as chondrocyte, osteocytes and adipocytes. In adults, one of the areas 
where MSCs reside is in the bone marrow and can be obtained after in vitro proliferation [5]. In the 
joint, there are mainly two cell types that come from MSCs, chondrocytes and osteoblasts. In 
mesenchymal stem cells from bone marrow of patients with Osteoarthritis compared to healthy 
donors, it has been proven that the osteogenic potential is increased and the chondrogenic and 
adipogenic potential is attenuated. MSCs will differentiate preferentially into osteoblasts and a 
significant reduction into chondrocytes, causing a breakdown in homeostasis between osteogenesis 
and chondrogenesis. These facts implicate MSCs in the increase in bone mass and cartilage loss that 
characterizes OA [6]. Along these lines, several studies focus on alterations in bone metabolism as a 
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direct contribution to OA and that influence cartilage injuries. Several signaling pathways, growth 
factors, cytokines and other components related to bone formation and maintenance have been found 
altered. This evidence, together with the fact that abnormalities in the activity of the subchondral 
bone are found in the early phase of OA, open the possibility that a pharmacological intervention 
aimed at regulating bone metabolism can improve or preserve the joint structure. In fact, new 
therapeutic proposals for Osteoarthritis focus on bone remodeling with promising results [7]. 

One of the important signaling pathways in bone formation and maintenance is the Wnt/β-
Catenin pathway. Wnts are essential in the process of differentiation, proliferation and synthesis of 
bone matrix by osteoblasts [8]. The Wnt/β-catenin signalling pathway is a normal physiological 
response to mechanical loading in bone [7]. There is several evidence that the Wnt signaling pathway 
determines the cell fate of mesenchymal cells, as it favors the formation of osteoblasts and inhibits 
the formation of chondrocytes and adipocytes. In addition, it maintains the balance between bone 
formation and bone resorption [9].  

Several evidence demonstrate that the Wnt/β-Catenin signaling pathway is involved in the 
pathology of Osteoarthritis. An accumulation of β-catenin has been found, which would point to 
excessive activation of this signaling pathway [10]. In in vitro assays, it has been proven that during 
osteogenesis there are alterations in the expression of components of the Wnt pathway [11]. 
Messenger RNA levels of WISP-1, a gene associated with the Wnt/β-Catenin pathway, are 
overexpressed during OA and are capable of inducing cartilage damage [12]. Blockade of canonical 
Wnt signaling prevents hypertrophic differentiation of chondrocytes [13]. All these findings show 
that alterations related to this signaling pathway contribute to the damage and loss of articular 
cartilage and the stimulation of bone formation in OA. 

In the stimulation of the Wnt pathway, proteoglycans and, specifically, glypicans play a 
fundamental role. Glypicans are an important family of heparan sulfate proteoglycans that are 
attached to the outer surface of the plasma membrane via a glycosylphosphatidylinositol (GPI) 
linkage. This protein family contains six members (GPC1 to 6) in the human genome that share a 
characteristic domain of 14 conserved cysteine residues. Due to similarity, glypicans are divided into 
two subfamilies: GPC1, 2, 4 and 6 (with 35-63% homologous sequence) and GPC3 and GPC5 (54% 
homologous). The primary function of membrane-bound glypicans is to regulate the signaling of 
Wnts, Hedgehogs (Hhs), fibroblast growth factors (FGFs), and bone morphogenetic proteins (BMPs). 
The stimulatory mechanism is based on the ability of glypicans to facilitate and/or stabilize the 
interaction of Wnts with their signaling receptors. In addition to being anchored to the cell membrane, 
glypicans can be found in the extracellular environment. In this way they do not interact for the 
activation of the Wnt pathway, which is why they are considered inhibitory competitors [14,15]. In 
any case, more studies are needed to understand in depth the mechanisms carried out by each of the 
glypicans, both those bound to the membrane and those found in soluble form. 

Many evidences suggest that the glypican family of proteins is involved in the regulation of bone 
metabolism [15]. GPC1 has been found to be highly expressed in bone marrow inducing fibroblast 
phenotype in Bone Marrow MSCs when it is inhibited [16]. On the other hand, GPC3 has been 
proposed along with Wnt/ β-Catenin signaling pathway to form Wnt/frizzled/β-catenin complexes, 
which inhibit β-catenin degradation, leading to osteosarcoma progression [17]. GPC1 and GPC3 have 
been described in bibliography as regulators of the response of primary human suture MSCs to bone 
morphogenetic protein [18]. Deletion in zebrafish of GPC4 homolog (knypek) results in craniofacial 
skeletal defects as well as pathogenic variants in GPC4 results in Keipert Syndrome in human people 
[19,20]. Finally, GPC6 has also been related with Wnt/ β-Catenin signaling pathway and specifically 
with osteoporosis. More than 150 specific loci have been found in GPC6 gene which could be 
responsible for bone mineral content. This found, proposed GPC6 as a novel drug target for 
osteoporosis care [21,22]. 

Until relatively few years ago, it was proposed that Glypicans were released from the membrane 
by Notum. Notum is primarily a negative feedback enzyme of Wnt signaling. For this reason, it was 
believed that Notum could act as a phospholipase enzyme and cleave the GPI anchor, which keeps 
Glypicans attached to the cell membrane [23]. However, a recent study by Kakugawa et al. studied 
the role of Notum in depth and attributed other functions to it [24]. As they demonstrated, Notum is 
a carboxylesterase that eliminates an essential palmitoleate fraction from Wnts and would deactivate 
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the signaling pathway. For their part, Glypicans would help direct Notum to bind with Wnts since a 
glycosaminoglycan binding site was found in Notum. 

All these facts reveal the importance that the Wnt/β-Catenin signaling pathway and the 
intermediates that are generated can have in the disease of Osteoarthritis. Pharmacological strategies 
to inhibit the Wnt pathway have been tested in mouse models of traumatic OA. Anticatabolic effects 
on chondrocytes and antifibrotic effects on synovial fibroblasts were achieved, mitigating the effects 
of the disease [25]. Another inhibitor that has been proposed as potentially disease-modifying OA 
drugs (DMOADs) is the molecule SM04690. In vitro and in vivo studies show that SM04690 manages 
to induce differentiation into chondrocytes [26]. Although the results are promising, 
pharmacologically altering the Wnt/b-catenin signaling pathway may entail several risks because it 
is involved in numerous processes. Therapies focused on modulating components associated with 
the Wnt pathway could be safer and have better results. However, in the context of Osteoarthritis, 
the possible alterations of the intermediates of the Wnt pathway have not been studied. 

Our study aims to elucidate for the first time the dysregulations that may exist in glypicans 1 to 
6 and Notum in Osteoarthritis patients at the cellular and circulating level. To do this, bone marrow 
mesenchymal stem cells from patients diagnosed with Osteoarthritis and healthy patients will be 
studied in vitro. In addition to studying the BM-MSCs, osteogenic differentiation will be induced to 
study if there are alterations in the osteoblasts. In this way we can evaluate whether the alterations 
are primarily intracellular, extracellular or both. Furthermore, it will be possible to verify whether 
these alterations come from mesenchymal stem cells or occur during osteogenic differentiation. With 
the dysregulations found intracellularly and, especially extracellularly, the aim is to propose 
strategies to return homeostasis to the joint. The altered extracellular levels of Glypicans 1 to 6 and 
Notum could be reflected in the circulation of patients, therefore, plasma levels of OA will be studied 
compared to controls 

2. Materials and Methods 

Patients 
Written informed consent was obtained from all subject before sample collection.  The study 

protocol was approved by the institutional ethics committee (Comité Ético de Investigacion Clínica 
Hospital Clinico San Carlos—Madrid, Spain) in concordance with the principles of the Declaration 
of Helsinki. 

Plasma 
Twenty-five patients with OA were recruited according to the American College of 

Rheumatology (ACR) criteria and Twenty-four control subjects belonging to the biobank of our 
institution. Blood samples were collected in K2-EDTA tubes, centrifuged at 2000g for 15 minutes and 
aliquoted plasma stored at -80°C. 

Bone Marrow Mesenchymal Stromal Cells Isolation 
BM-MSCs were prepared from bone marrow aspirates of eight Osteoarthritis patients 

undergoing joint replacement and eight healthy donors with subcapital hip fractures. BM-MSCs were 
isolated by density gradient (Ficoll-Paque, GE Healthcare). Subsequently, BM-MSCs were expanded 
in DMEM with Glutamax (Gibco, 21885), 10% FBS and 1% Pen/Strep (Gibco), from now on referred 
to as “culture medium”. Obtaining MSCs is confirmed by flow cytometry and histochemistry assays 
[11].  

Cell Culture 
Mesenchymal stem cells are cultured in 6-well plates. After 24 hours in culture medium, MSCs 

and the supernatant are collected from one of the wells as a basal value t=0. Part of the BM-MSCs 
were continued to be cultured in culture medium. The other part of the BM-MSCs, osteogenic 
inducing medium (StemMACS Osteodiff Media Human, 130-091-678, Mitenyi Biotec) with 1% 
Pen/Strep (Gibco) was added. Cells in both conditions were cultured for 21 days. The supernatant 
was collected at 7, 14 and 21 days. BM-MSCs and osteoblasts were harvested and preserved in 
RNAlater (Invitrogen) on the same days. The supernatant and cells were stored at -80ºC.  
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Determination of Glypicans and Notum in Plasma and Cell Culture Supernatants 
Glypicans and Notum levels were determined using comercial kits and following the 

manufacturer´s instruction (Human Glypican 1 ELISA kit, ref. EH222RB, Invitrogen; Human 
Glypican 2 ELISA kit, ref. E-EL-H1711, Elabscience; Human Glypican 3 ELISA kit, ref. EH223RB, 
Invitrogen; Human Glypican 4 ELISA kit, ref. E-EL-H1713, Elabscience; Human Glypican 5 ELISA 
kit, ref. EH224RB, Invitrogen; Human Glypican 6 ELISA kit, Ref. CSB-EL009708HU, CUSABIO; 
Human NOTUM ELISA kit, ref. EH1816, FineTest). The absorbance was measured at 450nm (Heales 
MB-580, Shenzhen Heales Technology Development Co. Ltd.). 

mRNA Analysis 
RNA isolation cells was performed using the Speedtools Total RNA Extraction Kit (Biotools) and 

concentration was measured using a spectrophotometer (NanoDrop One, Thermo Scientific). To 
obtain cDNA, the Maxima First Strand cDNA Synthesis Kit for RT-qPCR (ThermoScientific) was used. 
The TaqMan® Universal PCR Master Mix kit (Applied Biosystems) was used to perform the qPCR 
on 7500 Fast Real-Time PCR System (Applied Biosystems). 

Expression gene was evaluated of GPC1 (Hs00892476_m1), GPC2 (Hs00415099_m1), GPC3 
(Hs01018936_m1), GPC4 (Hs00155059_m1), GPC5 (Hs00942154_m1), GPC6 (HS01569271_m1), 
NOTUM (Hs00394510_m1). Relative gene expression was normalized to housekeeping genes β-actin 
(Hs99999903_m1) and 18S (Hs99999901_s1). The data were calculated with the method of fold 
change (2-ΔΔCt). 

Statistical Analysis 
All experiments were analyzed with the GraphPad Prism 8.0. For the detection of outliers, the 

ROUT method (Q = 1%) was used. If the data follow a normal distribution, they were analyzed with 
t- test; when the data did not follow a normal distribution, the non-parametric Mann-Whitney test 
was performed. Significance level p<0.05 were considered significant. Biochemical data are expressed 
as mean±SEM. 

3. Results 
3.1. Circulating Levels of Glypicans and Notum 
3.1.1. Demographics Characteristics of the Study Population 

To study the levels of Glypicans and Notum in plasma, 25 patients with Osteoarthritis and 24 
healthy donors were recruited. The mean age (± SD) ranged between 61.56 (± 7.70) in OA patients 
and 58.21 (± 4.40) in healthy donors. The age between groups was not statistically different when 
evaluated with T-test (p= 0.0692). 

Among OA patients, 22 were women and 3 men and in healthy donors they were 19 and 5, 
respectively. There was no difference between the groups regarding gender when the Chi-square test 
was applied (p= 0.4635). 

3.1.2. Plasma Levels in Controls and Patients with Osteoarthritis 

Patients with OA showed a significant decreased in plasma levels of GPC5 (p= 0.0208) and 
Notum (p= 0.0260) compared to healthy controls. No differences were found between the two groups 
in the rest of the Glypicans. (Figure 1). 
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Figure 1. Plasma levels of Glypicans and Notum in patients with Osteoarthritis (n= 25) and controls 
(n=24). Non-parametric Mann-Whitney test (GPC2, GPC4, GPC6 and Notum) and t-test (GPC1, GPC5, 
GPC3) were used to compare the groups: * p < 0.05, **p <0.01, ***p < 0.001. All bar graphs are presented 
as mean ± SEM. 

3.2. BM-MSCs and Osteoblasts 
Five women and three men were recruited from each group, with a mean age of 72,50 ± 8,04 in 

patients with OA and 69,50 ± 10,30 in controls. The two groups did not differ in age when evaluated 
with t-test (p= 0.5264). 

3.2.1. Expression Gene MSCs and during Osteogenic Differentiation 
Our results showed a decrease in the OA group compared to the control group of GPC6 (p= 

0.0471) and an increase of NOTUM (p= 0.0156) at 7 days of BM-MSC culture. When inducing 
osteogenic differentiation, upregulation was observed in the mRNA levels of OA patients in GPC2 
(t= 14d; p= 0.034), GPC4 (t= 14d, p= 0.025; t= 21d, p= 0.017), GPC5 (t= 14d, p= 0.007), GPC6 (t= 14d, p= 
0.013) and Notum (t= 14d, p= 0.009). During the 21 days of differentiation, GPC3 showed a 
downregulation in patients with OA compared to the control group (t= 7d, p= 0.009; t=14d, p= 0.045; 
t= 21d, p= 0.036) (Figure 2). 
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Figure 2. Expression gene of Glypicans and Notum measured by qPCR at 7, 14 and 21 days of culture 
in patients with Osteoarthritis (n= 8) and Controls (n= 8). Relative gene expression was normalized to 
housekeeping genes β-actin y RNA18S. The data were calculated with the method of fold change (2-
ΔΔCt) relative t=0. T-test were used to compare the groups: *p < 0.05, **p<0.01, ***p < 0.001. All bar 
graphs are presented as mean ± SEM. 

3.2.2. Protein Levels in Supernatant 
In the BM-MSCs of the OA group compared to the control group, GPC3 protein levels were 

higher during the 21 days of culture (t= 0, 7, 14, 21, p<0.0001). In addition, lower protein levels were 
found in GPC5 (t= 7d, p= 0.0006) and Notum (t= 0, p= 0.0497).  

During all osteogenic differentiation, an increase in GPC3 was found (p<0.0001). Furthermore, 
low levels of GPC2 (t= 7d, p<0.0001), GPC5 (t=7d, p=0.0089; t=14d, p=0.0311) and NOTUM (t=7, 
p=0.0432; t=14d, p=0.0136) were observed. Soluble form of GPC1, GPC4 and GPC6 were not found in 
any of the cell cultures. (Figure 3) 
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Figure 3. Protein levels of Glypicans and Notum determined by ELISA kit at 0, 7, 14 and 21 days of 
BM-MSC and Osteoblast culture in patients with Osteoarthritis (n= 8) and Controls (n= 8).T-test were 
used to compare the groups: *p < 0.05, **p<0.01, ***p < 0.001. All bar graphs are presented as 
mean ± SEM. 

4. Discussion 
Globally, Osteoarthritis is a leading cause of disability, with a dynamically increasing prevalence 

due to an aging population and risk factors increase. This degenerative joint disease is characterized 
by the loss of articular cartilage and a progressive thickening of the subchondral bone. Current 
treatments are mainly based on anti-inflammatory drugs to relieve symptoms and joint replacement 
surgery in cases where it disables patients' daily lives [4]. Therefore, to find an effective treatment is 
one of the main objectives in the health system today. 

Therapeutic interventions for Osteoarthritis have focused especially on cartilage degradation. However, 
in recent years there is increasing evidence that alterations in the subchondral bone in OA have an integral role 
in the disease process [7]. Among the molecular alterations involved in OA and related to bone formation, an 
excessive activation of the Wnt/β-catenin signaling pathway has been found [27]. Activation of this pathway 
promotes osteogenic differentiation preferentially, inhibiting chondrogenic differentiation [9]. This provides an 
explanation why increased bone mass and cartilage loss are found in OA. Mediators related to the canonical 
Wnt/β-catenin signaling pathway promote activation and deactivation of the pathway [15]. Despite their 
importance, alterations in some mediators related to the Wnt signaling pathway in the context of Osteoarthritis 
are still unknown. By expanding the knowledge of deregulations in bone metabolism in OA, treatments can be 
proposed to restore homeostasis in this disease, modulating the active osteogenic metabolism and, as a possible 
consequence, the regulation of chondrogenic metabolism. Therefore, the objective of this study was to explore 
for the first time the levels of Glypicans and Notum, modulators of the Wnt pathway, in patients with OA 
compared to healthy patients. These molecules will be studied in patient plasma, BM-MSCs and during 
osteogenic differentiation.  

Our results show lower circulating levels of Glypican 5 and Notum in patients with OA. These 
results agree with the protein levels studied in cells. In BM-MSCs, both Glypican 5 and Notum are 
found in lower amounts in OA compared to cells from healthy patients. During osteogenic 
differentiation, it is found that the levels are also decreased. This demonstrates that the deregulation 
of these two components at the cellular level can be confirmed in patient plasma. For this reason, 
Glypican 5 and Notum could be promising candidates as biomarkers of osteoarthritis. 

On the other hand, glypicans in the extracellular matrix are negative regulators of the Wnt β-
Catenin signaling pathway. Notum also contributes as a negative regulator of the Wnt pathway [23]. 
Our findings on the soluble form of Glypican 5 and Notum are very important in this sense. The 
alterations found are intrinsic to the BM-MSCs of patients with osteoarthritis, since these two 
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molecules are decreased. It is possible that this alteration contributes to the activation of the Wnt β-
Catenin signaling pathway found in OA. 

Interestingly, Glypican 3, homologous to Glypican 5, showed an increase at the protein level 
throughout the culture of the mesenchymal cells. In a study with GPC3 knockout mice it led to 
inhibition of the non-canonical Wnt/JNK signaling pathway. However, it caused the activation of 
canonical Wnt/β-Catenin signaling [28]. Although it has been proposed that membrane-bound GPC3 
is closely related to the activation of the canonical Wnt/β-Catenin signaling pathway [29], it is likely 
that the complete lack of Glypican 3 activates other processes so that the canonical pathway remains 
active. The excessive increase in soluble Glypican 3 found in our study, together with a decreased 
production of mRNA, indicates that Glypican 3 may not be practically membrane-bound and is 
contributing to the activation of the canonical Wnt pathway. 

There is some evidence that Glypican 5 inhibits the Wnt/β-catenin pathway. An example would 
be the research they carried out on prostate cancer. Glypican 5 is poorly expressed in the cell lines of 
this type of cancer. Upregulation in vitro inhibited cell proliferation and invasion and in vivo 
attenuated tumor growth. Furthermore, they found that Glypican 5 overexpression inhibited 
epithelial-mesenchymal transition (EMT) and Wnt/β-catenin signaling [30]. In our study, during 
osteogenesis we found an overexpression of Glypican 5, perhaps as a negative regulatory element of 
the Wnt pathway. 

In the context of Osteoarthritis and Glypican 3, a recent study evaluated GPC3 levels in synovial 
fluid in patients with knee OA compared to controls. An accumulation of GPC3 was found in the 
synovial fluid [31]. These findings, together with the excessive amount of Glypican 3 in the 
extracellular medium that we found in BMCs and osteoblasts, could indicate that in OA there is a 
localized accumulation of GPC3 throughout the joint. In this same study, a decrease in GPC3 in the 
plasma of patients with the disease was associated and inversely associated with radiographic 
severity [31]. Our data were not significant regarding Glypican 3 in the blood circulation. Studying a 
larger number of participants that included Glypicans 1 to 6 and Notum, would be necessary to relate 
it to the severity of the disease. 

During osteogenic differentiation, our results in the soluble form of Glypicans continue with the 
same existing alterations as in mesenchymal stem cells regarding GPC3, GPC5 and Notum. On days 
7 and 14 of differentiation, the levels of Glypican 5 in the extracellular medium are decreased. Added 
to these deregulations is a decrease in Glypican 2. In the study of the gene expression of these 
components, the results show an overexpression of GPC2 and 5. For its part, in Glypican 3 there is an 
excessive accumulation throughout the culture in medium extracellular, as found in MSCs. In 
addition, the mRNA data showed an up-regulation of GPC3. It is proven that the results are inversely 
related between gene expression and protein levels in the extracellular medium during 
differentiation towards osteoblasts. It could be that during osteogenic differentiation an attempt will 
be made to regulate existing alterations. 

Regarding Notum, in MSCs and during osteogenesis it shows an increase in its production and 
is decreased in the extracellular matrix. Wnt activation stimulates Notum production as a regulatory 
mechanism of this Wnt/β-Catenin signaling pathway [32]. Furthermore, this enzyme is related to 
bone formation since Notum expression is elevated in cultured osteoblasts and not in osteoclasts [33]. 
Our results are consistent with the evidence, as they show a high production of Notum at the cellular 
level in patients with OA, an indirect indication that the Wnt pathway is active and is related to the 
bone growth characteristic of this disease. 

GPC1, 4 and 6 were not present in soluble form in the cultures under either condition or in 
patients and healthy donors. However, we have found deregulations in the gene expression of 
Glypicans 4 and 6. The specific function of each of them is not exactly known, so their involvement 
remains to be elucidated. However, due to the great interest in the involvement of Glypicans in 
different diseases, there is more evidence of their role. In the case of Glypican 6, in a study was 
determined that it binds to Wnt3a, even more specifically than Glypican 3, and inhibits canonical Wnt 
signaling [34], despite what might be expected, since membrane-bound glypicans are supposed to 
facilitate the activation of the pathway. In our study, we found in OA mesenchymal cells a low 
production of mRNA in Glypican 6, so it would not contribute to deactivating the pathway. In a 
possible attempt at regulation, during osteogenic differentiation the data showed an up-regulation 
in Glypican 6 gene expression. 
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In the normal maintenance of the joint in adults, mesenchymal cells differentiate into osteoblasts, 
chondrocytes and adipocytes. One of the most important pathways in bone metabolism is the 
canonical Wnt/β-catenin pathway. When this signaling pathway is activated thanks to the different 
mediators involved, mesenchymal stem cells differentiate into osteoblasts, thereby inhibiting 
chondrogenic and adipogenic differentiation [5–7]. Among the mediators involved in the activation 
and deactivation of the canonical Wnt pathway are Glypicans [12,13]. Another important mediator 
in this pathway is Notum, which acts as a negative extracellular mediator of the signaling pathway 
[22]. In osteoarthritis it has been proven that the Wnt/β-catenin pathway is abnormally active [33], 
with an excessive accumulation of intracellular β-catenin [8]. This would produce an increase in bone 
mass in osteoarthritis and non-regeneration of cartilage, characteristic of this disease. Taken together, 
the dysregulations exposed in our results of Glypicans and Notum in mesenchymal stem cells from 
patients with OA show that these mediators could contribute and/or being a consequence to the 
Wnt/β-catenin signaling pathway activation in this disease. Furthermore, these dysregulations 
continue during osteogenic differentiation, adding to other alterations found in the expression of 
components of the Wnt pathway in osteoblast formation [9]. Probably, as physiologically really 
occurs, these dysregulations are also implied in the inhibition of chondrogenic and adipogenic 
differentiation characteristics of osteoarthritis but we have not addressed these particular issues. 

In our findings there appears to be a functional relationship between GPC3 and NOTUM. In 
both MSCs and osteoblasts, we found an upregulation of gene expression in Notum accompanied by 
a decrease in the extracellular medium and the opposite occurs in Glypican 3. In a study on colorectal 
cancer, they observed a relationship between Notum and GPC3 in which the production of mRNA 
and protein is inversely correlated [36]. In fact, this relationship was observed in another previous 
investigation that proposed that Notum could act as a phospholipase enzyme and cleave the GPI 
anchor, which keeps Glypicans attached to the cell membrane [23]. However, a recent investigation 
demonstrated the role Notum played extracellularly and what its interactions were. They verified 
that Notum is not a glypican-specific phospholipase as had been deduced but that it is a Wnt-specific 
deacylated with a preference for long-chain cis-unsaturated lipids. Therefore, it eliminates an 
essential palmitoleate fraction from Wnts and would deactivate the signaling pathway. Notum 
would not act on Glypicans enzymatically but would bind to them and its sulfated GAG chains of 
glypicans probably mediate the interaction of Notum with Wnts [24]. Therefore, although there is 
evidence in different studies of the relationship between Notum and Glypican 3, at the moment it is 
not known what the specific mechanism by which they may be related is. 

On the other hand, returning homeostasis can be a good therapeutic strategy in Osteoarthritis. 
Notum seems like a very promising molecule for reestablishing increased bone metabolism in OA. 
In fact, it is beginning to arouse interest as a therapy in diseases where the Wnt/β-Catenin pathway 
is altered. In a study they verified the effect of Notum on human periodontal ligament stem cells 
(hPDLSC). Their results revealed that Notum inhibited cell differentiation, probably by regulating 
the Wnt/β-Catenin signaling pathway [37]. It will be interesting in future studies to know if Notum 
modulation is also capable of restoring existing alterations in Glypicans. 

The limitations of this study were mainly the low number of participants in the study of 
Glypicans and Notum in plasma. It could be interesting to relate the results to the severity of the 
disease, age, or gender. On the other hand, in vitro tests do not fully reflect the complexity of the joint, 
so some in vivo studies would be appropriate. 

5. Conclusions 
Our results show a generalized alteration in Glypicans 2 to 6 and Notum at the cellular level in 

Osteoarthritis. It is noteworthy that our findings show that the dysregulations would be intrinsic to 
mesenchymal stem cells from patients with OA, specifically Glypican 3, 5, 6 and in Notum. In 
mesenchymal stem cells, when the Wnt/β-catenin signaling pathway is active, MCS preferentially 
differentiate into osteoblasts and not chondrocytes [33]. Glypicans, both membrane-bound and in 
soluble form, are mediators of this pathway [12,13]. The alterations found in Glypicans in our study 
could contribute to the excessive activation of the Wnt/β-catenin signaling pathway that has been 
observed in Osteoarthritis. For its part, Notum is a negative extracellular regulator of the Wnt 
pathway [22], which in our study is found to be decreased in the extracellular environment, 
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contributing to the signaling pathway remaining active. In addition, it has been proven that the 
alterations continue during osteogenic differentiation, also involving other Glypicans. 

Another important fact in our research is the decrease found in the circulation of patients with 
Osteoarthritis of Glypican 5 and Notum. It is partly a reflection of what happens at the cellular level 
in the joint, so they could be good biomarkers of the disease. 

Finally, with the results we have obtained, a future direction suggests that Notum may be an 
excellent therapeutic strategy for Osteoarthritis. The close relationship of this molecule with 
Glypicans and the canonical Wnt/β-catenin signaling pathway makes it a promising drug to return 
homeostasis to the joint in this disease by regulating osteogenic differentiation. 
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