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Abstract 

Parkinson’s disease (PD) is the second most prevalent neurodegenerative disorder, characterized by 

the accumulation of misfolded α-synuclein (α-syn), with the progressive loss of dopaminergic 

neurons in the substantia nigra. Given the limitations of current therapies, mesenchymal stromal cell 

(MSC) transplantation has emerged as a promising neuroprotective strategy. This study evaluated 

the in vitro neuroprotective potential of decidua-derived mesenchymal stem cells (DMSC) using 

neurotoxin 1-methyl-4-phenylpyridinium (MPP+) neurotoxin-induced damage in a human 

neuroblastoma cell line (NB69) as a model for PD. NB69 cells were differentiated into a mature 

dopaminergic phenotype using dibutyryl cyclic adenosine monophosphate (dbcAMP) and 

subsequently exposed to the MPP+. In proliferative NB69 cells, the effect of DMSC was masked by 

their inherent anti-tumor activity against the neuroblastoma phenotype. Conversely, in the 

differentiated NB69 model, DMSC demonstrated a significant protective role against MPP+-induced 

cytotoxicity. It is interesting that the mechanism by which DMSCs exert a neuroprotective effect 

against MPP+ damage in differentiated NB69 cells could be through an improvement in 

mitochondrial function by reducing free radicals. In summary, these findings suggest that DMSC 

exert a neuroprotective effect in a dopaminergic-like context and highlight the importance of using 

differentiated cell models to accurately evaluate cell-based therapies for PD in the striatum. 

Keywords: perinatal mesenchymal stromal cells; decidua mesenchymal stromal cells; DMSC; 

dbcAMP; MPP+; NB69; Parkinson; neuroprotection; oxidative stress 

1. Introduction

Parkinson’s disease (PD) is the second most common neurodegenerative disease and affects 1%

of the population over 60 years of age [1]. Between 5 and 10% of PD cases are of genetic origin leading 

to an early onset of PD. However, the majority of PD cases remain idiopathic and are associated with 

aging. There are other risk factors, in addition to genetic predisposition, such as environmental 

toxins, pesticides, heavy metals, traumatic injuries and bacterial or viral infections [2]. All these 

factors produce an inflammatory process that contribute to the development and progression of 

parkinsonian symptoms. 

PD is characterized by the accumulation of misfolded α-synuclein (α-syn), with the progressive 

loss of dopamine-secreting neurons of the substantia nigra resulting in motor impairment [3], which 
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manifests mainly as bradykinesia, postural instability, rigidity and resting tremor [4]. Additionally, 

the PD patients present non-motor symptoms such as mood disorders and cognitive dysfunction [5].  

It has been determined the presence of Lewy bodies in several regions of the nervous system, 

dopaminergic and non-dopaminergic, which could contribute to PD symptoms [6]. Lewy bodies are 

insoluble cytoplasmic aggregates with fibrillar α-syn [7], and the loss of functional α-syn affects 

dopamine homeostasis [8]. Furthermore, it has been proposed that α-syn may be involved in the 

inhibition of mitochondrial complex I and, therefore, in the mitochondrial dysfunction observed in 

many patients [9], as well as in the systemic brain inflammatory and oxidative stress responses 

involved in the pathogenesis of PD. [10,11].  

One of the most studied toxins is 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), which 

induces a set of symptoms very similar to PD and has been widely used as a PD model in 

experimental animal models as well as in neuroblastoma cell lines [6,12]. MPTP crosses the blood-

brain barrier showing high selectivity for the nigrostriatal dopaminergic system because it can enter 

the cell via the dopamine transporter once it is oxidized by monoamine oxidase B (MAO-B) to 1-

methyl-4-phenylpyridinium (MPP+) [13]. The use of this neurotoxin MPP+ constitutes a good model 

for studying the effect of reactive oxygen species (ROS) generation, and is therefore used to evaluate 

the antioxidant effects of potential therapeutic agents [14,15]. In the human neuroblastoma cell line 

SH-SY5Y, MPP+ phosphorylates extracellular signal-regulated kinases (ERK) while decreasing p38 

phosphorylation and c-Jun N-terminal kinases (JNK), as neurotoxic mechanisms of MPP+ treatment 

[16,17]. Inside the cell, MPP+ targets the mitochondria, and at high concentrations, produces a partial 

inhibition of the mitochondrial complex I activity, resulting in mitochondrial depolarization and 

increase of oxidative stress [18,19]. These toxic consequences, together with other not fully elucidated 

effects on energy metabolism, promote the dopaminergic neuronal death described in the 

parkinsonian syndrome caused by MPTP.  

Currently, there is no cure for PD, although there are several therapeutic strategies to treat motor 

symptoms [20]. However, these treatments focus on treating the motor symptoms of PD with little or 

no effect on non-motor symptoms or disease progression [21]. Levodopa is the most effective drug 

for managing the motor symptoms (rigidity, slowness, tremor) of PD [22], although, its long-term use 

causes side effects such as motor complications in most patients [23]. Therefore, the study and 

development of new therapies is necessary, and cell-based therapies have emerged as a promising 

therapeutic approach in the treatment of PD. 

Stem cell therapy may be a viable treatment option for PD. This therapy involves replacing 

and/or repairing damaged dopamine-producing nerve cells through an intracerebral transplant. 

Some clinical trials have been developed using several types of stem cells, such as embryonic stem 

cells (ESCs), induced pluripotent stem cells (iPSC) and fetal neural stem cells previously 

differentiated into dopaminergic neurons [24,25]. These cells are then engrafted in the host tissue, 

providing an amelioration in PD symptoms [26,27]. However, the expected results have not been 

achieved, since clinical trials such as the one carried out by Piccini, P., et al. [28] have shown that the 

efficacy achieved depends on the affected area [29]. Furthermore, some negative effects have been 

observed, such as the spread of the pathology to the cell graft and an increase in non-motor 

symptoms, and this has driven the search for alternative strategies.  

Some of these strategies are based on the transplantation of dopaminergic neurons derived from 

other stem cell sources [27], such as mesenchymal stem cells (MSC). MSC, once transplanted into 

damaged tissue, have been shown to restore dopaminergic connections to the striatum and the areas 

it supplies, thereby reversing motor deficits [30]. Furthermore, MSC exhibit low immunogenicity and 

a low capacity to form teratomas, making them promising candidates for cell therapies [31]. 

Additionally, once transplanted, MSC have the ability to migrate to the site of damage and perform 

numerous paracrine functions that can result in tissue regeneration and, therefore, symptom 

improvement [32,33]. Among their most relevant functions are neuroprotection, induction of 

neurogenesis, immunomodulation, and prevention of protein misfolding [34]. This wide range of 
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functions indicates that MSC have the potential to mitigate various pathological factors in 

neurodegenerative diseases. 

MSC come from a wide variety of tissues, both neonatal and adult, including bone marrow, a 

tissue already used in the treatment of this pathology [34]. The placenta is an alternative source for 

obtaining MSC without an invasive isolation procedure and its cells have a series of advantages over 

MSCs obtained from other source [35,36]. Decidua-derived mesenchymal stromal cells (DMSC) 

originate from the maternal side of the placenta and have intermediate characteristics between 

embryonic cells and adult stem cells [36]. Furthermore, DMSC have low risk of viral infection, and as 

well as other MSC, are hypoimmunogenic and without teratogenic potential, which would justify the 

security of its use in cell therapy [36]. In vitro and in vivo studies have shown that DMSC have the 

ability to migrate to damaged tissues, suggesting that DMSC may be therapeutic agents in cell 

therapy-based treatments, and could also be used as cellular vehicles of therapeutic agents [33,37–

43]. DMSC modulate inflammation by suppressing pro-inflammatory immune responses and 

promoting anti-inflammatory pathways, largely through regulating immune cells and secreting 

immunomodulatory factors [37,39].  

The first objective of this work was to evaluate whether the human neuroblastoma cell line NB69 

exposed to the neurotoxin MPP+, could be a suitable in vitro model of dopaminergic (DA) neurons 

for PD research and to compare it with differentiated NB69 cells. Having established this, the main 

objective of this work was to study the potential role of DMSC in the treatment of PD by studying 

their possible neuroprotective role against MPP+-induced neurotoxicity in the NB69 neuroblastoma 

cell line. 

2. Results 

2.1. MPP+ Induces Cell Death by Apoptosis in NB69 Neuroblastoma Cells 

The neurotoxin MPP+ is the active neurotoxic metabolite of MPTP and has been shown to induce 

neurotoxicity in dopaminergic neurons, causing a syndrome clinically and pathologically similar to 

PD. First, we studied the effect of MPP+ on NB69 neuroblastoma cells. The treatment with the 

neurotoxin MPP+ showed a clear loss of cell viability in NB69 cells after 48 h of treatment, measured 

by Alamar blue test. This effect was dose-dependent and increased significantly with increasing dose 

(Figure 1A). At the lowest studied dose ,0.5 mM, around 20% loss of NB69 viability was observed, 

which reached 75% at the 5 mM dose. This loss of NB69 viability could be consequence of cytotoxicity, 

less cell proliferation as well as less cellular metabolic activity. Measuring the activity of cytoplasmic 

enzymes released into the medium by damaged cells is a biomarker of cellular cytotoxicity. 

Traditionally, lactate dehydrogenase (LDH) release is associated with necrosis, although it can also 

occur in late stages of apoptosis or in other forms of lytic cell death. LDH release was only significant 

at the 5 mM dose, with a 30% increase compared to the control (p < 0.001; Figure 1A). To detect the 

rate of early apoptosis, cell membrane exposure of phosphatidylserine (PS) was measured by flow 

cytometry using fluorescently labeled annexin V. Propidium iodide (PI) is a live cell membrane-

impermeable fluorescent dye and was used to detect dead cells by flow cytometry. Flow cytometry 

analysis revealed that cells treated with 5 mM of MPP+ lost viability, showing signs of early (Annexin 

V+ PI–) and late (Annexin V+ PI+) apoptosis at this dose, and correlating with the positivity in LDH 

release. Indeed, at this highest dose almost 46% of the cells were apoptotic, with 31.33% showing 

signs of early apoptosis and 14.59% showing signs of late apoptosis (Figure 1B). NB69 untreated 

samples (control) showed no signs of apoptosis (Annexin V- PI–, Figure 1B) with 95.49% of viable 

cells. At the dose of 1 mM MPP+, the cells showed 5.45% and 2.65% early and late apoptosis, 

respectively, which correlated with negativity in LDH release observed at doses lower than 5 mM. 

Since we needed to induce cellular damage in NB69 cells, but not irreversibly, we de-cided to 

use a dose below 5 mM and select the lower tested dose, 0.5 mM, at which we ob-served a significant 

loss of viability without signs of cytotoxicity (Figure 1A). When the effect of the 0.5 mM dose was 

studied over time, a significantly greater negative effect on NB69 viability was found when the 
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exposure time was increased from 48 to 72 h, reaching a 50% decrease in viability compared to the 

control (Figure 1C). However, no increase in cell death was observed, as measured by LDH release 

(Figure 1C). According to these results, the experiments in this study were performed with the dose 

of 0.5 mM and a treatment duration of 72 h. 

 

Figure 1. Effects of MPP+ on NB69 neuroblastoma cells. (A) Percentage of cell viability and cytotoxicity (LDH 

release) of the NB69 cell line treated with the neurotoxin MPP+ at doses of 0.5, 1, 2 or 5 mM for 48 h compared 

to untreated cells (Control) (B) Evaluation by flow cytometry of cell viability and type of cell death (apoptosis 

versus necrosis) of untreated (control) and treated NB69 cells with doses of 1 or 5 mM of the neurotoxin MPP+ 

for 48 h. Cells were stained with annexin V, a marker of apoptosis, and with propidium iodide, a marker of 

necrosis or loss of membrane integrity. (C) Cell viability and LDH concentration (% relative to control) of the 

NB69 cell line treated with the neurotoxin MPP+ at 0.5 mM for 48 or 72 h. Data are represented as mean ± SD. * 

p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001 vs. control. 

2.2. Analysis of the Possible Anti-Tumor Effect of DMSCs on NB69 Neuroblastoma Cells 

Since the objective was to evaluate the protective effect of DMSC on NB69 cells in this toxicity 

model, it was first necessary to determine whether the neurotoxin could also affect DMSC. At a dose 

of 0.5 mM, MPP+ was observed to have a significantly negative effect on DMSC viability, near 20% 

loss at 72 h, although no LDH release was observed, suggesting that the neurotoxin does not induce 

DMSC cell death at the dose and time intervals used in this study (Figure 2).  
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Figure 2. Effect of 0.5mM of the neurotoxin MPP+ on DMSC viability after 72 h of treatment. (A) DMSC cell 

viability and (B) DMSC cell death measured as LDH release into the culture medium. Values are represented as 

mean ± SD and calculated as a percentage relative to untreated cells (% control). ****p < 0.0001 vs. control. 

We have previously demonstrated that DMSC have a negative effect on the viability of tumor 

cells [33]. Therefore, we first studied the effect of DMSC on the growth of NB69 cells, given that they 

are a neuroblastoma cell line. In these experiments, we observed that DMSC had a negative effect on 

NB69 viability when co-cultured at a 1:5 ratio (DMSC:NB69) at 72 h (Figure 3A). These results are 

consistent with the fact that DMSC probably can recognize cellular stress signals from tumoral NB69 

cells and respond to them producing loss of cellular viability. Furthermore, we observed that this 

effect was depended on the ratio between DMSC and NB69, being significant (p < 0.05) in the 1:2 and 

1:5 ratios (DMSC:NB69), but not significant in the 1:10 ratio, although an slight decrease in viability 

was also observed (data not shown). All co-culture experiments from this point forward were 

performed in a 1:5 ratio of DMSC:NB69. 

In this context, the NB69-based in vitro PD model was not suitable for our study investigating 

the protective role of DMSC. Nevertheless, we performed co-cultures of DMSC with NB69 cells 

treated with MPP+. As expected, the results showed that the DMSCs did not protect the NB69 cells 

from MPP+-induced damage (Figure 3B). These results led us to rule out NB69 cells as a model for 

our study in an undifferentiated state and prompted us to consider a differentiated NB69 state. 

 

Figure 3. Effects of DMSCs on NB69 neuroblastoma cells with and without MPP+ treatment. (A) Cell viability 

(% relative to control) of the NB69 cell line in the presence of DMSC in 1:5 ratios after 72 h of co-culture (cc) (n = 

2). (B) Cell viability (% relative to control) of the NB69 cell line treated with 0.5 mM MPP+ and co-cultured 

without and with DMSC for 72 h. Data are represented as mean ± SD. ****p < 0.0001 vs. control. 

2.3. Differentiation of the Human Neuroblastoma Cell Line NB69 into Dopaminergic Neurons by dbcAMP 

Treatment 

To study the effect of DMSC on differentiated NB69, we treated NB69 cells with dbcAMP. 

Exposure of NB69 cells to a 5-day treatment with dbcAMP has been described to induce changes in 

this neuroblastoma cell line, such as increase tyrosine hydroxylase (TH) activity and decrease in 
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proliferation, compatible with a shift toward a dopaminergic-like phenotype [44]. Differentiation of 

human neuroblastoma NB69 cells was performed by adding dbcAMP to the culture medium. As 

expected, as a consequence of differentiation, NB69 cells acquired significant morphological and 

biochemical changes (Figure 4). The morphological modifications involved extensive neurite growth, 

so differentiated NB69 exhibit a more neuron-like morphology compared to NB69 cells (p < 0.05; 

Figure 4A). It was also observed that the cell body became polarized, the neurites extended and 

branched (Figure 4B). In addition, the differentiated NB69 cells appeared to extend neurite-like 

processes towards neighbor cells, which suggested the formation of intercellular connections. The 

biochemical changes consisted of an increase in the immunofluorescence levels of the TH protein, 

due both to an increase in the number of TH-positive cells following differentiation by dbcAMP, as 

well as, a higher level of TH protein expression within the cells (Figure 4C). Furthermore, NB69 cell 

differentiation was confirmed by a significant decrease of the cell proliferation rate (Figure 4D). 

 

Figure 4. Differentiation of NB69 neuroblastoma cells into dopaminergic neurons. (A) Bright field and 

fluorescence microscopy of TH positive cells of the NB69 cell line (top panels) or differentiated with 2 mM 

dbcAMP for 5 days (bottom panels). (B) Relationship between axon length and soma length of NB69 cells after 

7 days in culture with and without the differentiation compound dbcAMP. (C) Fluorescence intensity for TH in 

NB69 cells and differentiated NB69 cells with 2 mM dbcAMP. (D) Cell proliferation rate of differentiated NB69 

relative to control. Data is represented as mean ± SD. *p < 0.05 vs control. Scale bar = 100 μm. 

2.4. Effect of Neurotoxin MPP+ on Differentiated NB69 in the Presence or Absence of DMSC 

Since we had observed that DMSC have a negative effect on the viability of NB69 cells at 72 h of 

co-culture (Figure 3A), we first study the effect of the co-culture of DMSC on differentiated NB69 cells 

in the same 1:5 ratio (DMSC:NB69). DMSC did not exert negative effect on the viability of 

differentiated NB69 cells (Figure 5A). This reduced susceptibility to DMSC effects is compatible with 

these cells displaying a more stable and neuron-like phenotype.  

The role of DMSC on damaged differentiated NB69 cells treated with MPP+ was studied, 

revealing that DMSC exerted a significant protective effect against the damage caused by MPP+ 

(Figure 5B). In contrast to undifferentiated NB69 cells, co-culturing with DMSC restored the viability 

lost due to MMP+ treatment in differentiated NB69 cells. This result is highly relevant because it 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 March 2026 doi:10.20944/preprints202603.2483.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.2483.v1
http://creativecommons.org/licenses/by/4.0/


 7 of 20 

 

shows that DMSC kills the NB69 tumor cells while protecting the differentiated NB69 cells, which are 

much more similar to TH+ dopaminergic neurons. Since we performed these experiments by co-

culturing NB69 cells with DMSC in a Transwell chamber, the results suggest that the regenerative 

capabilities of DMSC are mediated by paracrine mechanisms, confirming the role of the factors 

secreted by them in neuronal regeneration. 

 

Figure 5. Effects of DMSCs on differentiated NB69 neuroblastoma cells with and without MPP+ treatment. (A) 

Cell viability (% relative to control, black bar) of the differentiated NB69 cell line in the presence of DMSC in 1:5 

ratios after 72 h of co-culture (cc) (n = 2). (B) Cell viability (% relative to control) of the NB69 cell line treated with 

0.5 mM MPP+ and then co-cultured without and with DMSC for 72 h. Data are represented as mean ± SD. **p < 

0.01, ***p < 0.001. 

2.5. Study of the In Vitro Migratory Capacity of DMSC in the Presence of NB69 Cells and  

Differentiated NB69 Cells 

Due to the migratory capacity of DMSC to sites of cellular damage [33], we also analyzed 

whether MPP+-induced toxicity could affect DMSC migratory capacity in vitro. Parkinson disease 

models are commonly based on MPTP treatment and it is essential to evaluate whether DMSC could 

be administered intravenously or whether local transplantation would be necessary in future 

neurotoxin in vivo studies [33,42]. For that purpose, DMSC were co-cultured with NB69 cells or 

differentiated NB69 cells previously treated or not with 0.5 mM MPP+ for 72 h. The results showed 

that NB69 cells act as a chemoattractant for DMSC and induces their migration compared to that 

induced by cell-free culture medium (DMEM), although difference was not statistically significant 

(Figure 6A). Interestingly, MPP+ treatment cells did not increase DMSC migration toward NB69 cells 

(Figure 6A). These results suggest that NB69 neuroblastoma cells secrete chemoattractants that 

stimulate DMSC migration. This effect likely masks the chemoattractive effect of MMP+ damage. By 

contrast, differentiated NB69 cells did not induce DMSC migration, whereas MPP+-damaged 

differentiated NB69 cells significantly increased DMSC migration compared to the control (p < 0.05; 

Figure 6B). These results demonstrate that factors present in MPP+-damaged differentiated NB69 

cells significantly attract DMSC and support the use of the intravenous route in in vivo PD studies. 

These factors are not present in healthy differentiated NB69 cells. 
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Figure 6. Migration of DMSC towards malignant or differentiated NB69 cells, in the absence or presence of the 

toxic MPP+. Relative migration of DMSC values in the presence of NB69 cells (A) or differentiated NB69 cells 

(B) without treatment or after treatment with 0.5 mM MPP+ for 72 h. Data are calculated as a percentage respect 

to control migration without cells (DMEM). Values are represented as mean ± SD. *p < 0.05 vs control. 

2.6. Study of the Mechanism by which DMSC Protect NB69 Cells Damaged by the Toxic MPP+ 

Next, we wanted to investigate some mechanism by which DMSC might protect neurons from 

damage caused by MPP+ neurotoxin. To assess whether the protective effect of DMSC was related to 

an improvement of mitochondrial function, we used the MitoSOX-based assay which detect 

superoxide/ROS production inside mitochondria by microscopy and flow cytometry. When NB69 

cells were treated with 0.5 mM MPP for 48 h, a significant accumulation of superoxide levels was 

observed compared to the control group (Figure 6). This was due to an increase in both the number 

of positive cells and the fluorescence intensity within the cells (Figure 6A). This was quantitatively 

confirmed by measuring the mean fluorescence intensity (MFI) in the two groups, control and MPP+ 

treated NB69 cells (Figure 6B, *p < 0.05). These results confirm that the neurotoxin MPP+ inhibits 

mitochondrial respiration and that mitochondrial dysfunction produces high levels of reactive 

oxygen species (ROS). On the other hand, co-culture with DMSC exerted no effect on superoxide 

level in MPP+-treated NB69 cells (Figure 6B). The absence of an effect of co-culture with DMSC on 

superoxide production is consistent with the lack of improvement in cell viability observed in NB69 

cells treated with MPP+. This suggests that DMSC are unable to effectively modulate oxidative stress 

in this model. 

 

Figure 7. Representative fluorescence intensity profiles in untreated NB69 cells (control) and MPP+-treated cells. 

(A) Live NB69 cells were left untreated (control), treated with MPP+ for 48 h (MPP+), or treated with MPP+ and 

co-cultured with DMSC for 72 h (MPP+ cc DMSC). Cells were then labeled with MitoSOX™ Red indicator and 

pictures were taken by a ZOE Fluorescent Cell Imager. The images are representative of each condition in which 

five images were captured at random. (B) Mean fluorescence intensity (MFI) of each positive cell after MitoSOX 

staining, from five randomly selected representative images. MFI is a quantitative measure used to determine 

the levels of mitochondrial superoxide, a key ROS. An increase in MFI in MPP+-treated NB69 cells without or 

with co-culture with DMSC (MPP+ and MPP+ cc DMSC, respectively) indicates increased mitochondrial 

superoxide production after 48 h of treatment. 
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At the same time, we conducted MitoSox staining assay in the differentiated NB69 cell line with 

or without MMP+ treatment, and cocultured with DMSC. By the quantification of live images, we 

observed low baseline levels of fluorescence intensity in the differentiated NB69 cells (D-Control), 

indicating low levels of ROS. Treatment with 0.5 mM MPP significantly increased superoxide anion 

levels fivefold compared to the control group (D-MPP+; ****p < 0.0001). However, when co-cultured 

with DMSC, ROS levels decreased significantly by almost 50% (D-MPP+ cc DMSC; ***p < 0.001), 

although they remained significantly higher than those in the control group (Figure 8A,B). We 

observed a similar pattern using flow cytometry (Figure 8C). In differentiated NB69 cells (D-Control), 

only 23% of the total population was positive for mitochondrial ROS. When differentiated NB69 cells 

were treated with 0.5 Mm MPP+, the ROS-positive population increased significantly to over 46% (D-

MPP+; p < 0.001), but when these damaged cells were co-cultured with DMSC, the percentage of 

positive cells decreased to 35% (D-MPP+ cc DMSC; p < 0.01), suggesting a reparative role of DMSC 

on damaged neuronal-like cells. These results suggest that one of the mechanisms by which DMSC 

exert a neuroprotective effect against MPP+ neurotoxin is by preserving mitochondrial function. 

 

Figure 8. Effect of co-culture with DMSC on the quantification of superoxide radicals in mitochondria using the 

MitoSox probe in differentiated NB69 cells. NB69 cells were left untreated (D-Control) or treated with 0.5 mM 

MPP for 48 h without co-culture with DMSC (D-MPP+) or cultured with DMSC (D-MPP+ cc DMSC). (A) 

Representative images of each condition were taken using a fluorescence microscope (20×). (B) The graph shows 

the quantification of red fluorescence, representing the mean ± SD, analyzed via t-test. (C) Quantification by flow 

cytometry of the number of cells positive to MitoSOX staining and calculated with respect to the control (no 

treatment). ** p < 0.01; *** p < 0.001; **** p < 0.0001. 

3. Discussion 

In vitro experimental models of Parkinson's disease (PD) offer an alternative for understanding 

neuronal deterioration and thus reducing the use of laboratory animals. For in vitro studies, the use 

of cell lines is widespread due to their high reproducibility. However, these cells do not reproduce 

the morphology and physiology of a neuronal cell due to their oncogenic properties. Therefore, 

differentiation toward a less tumorigenic phenotype is being studied to achieve a better approach to 

the disease [45]. The development of in vitro models for PD includes cell lines, primary cultures of 

the substantia nigra, primary cultures of the striatum, iPSCs, and midbrain organoids [46]. Each of 

these available in vitro models has advantages and disadvantages, but a reliable and optimal in vitro 

model for understanding all aspects of the etiology of PD is not yet available. New differentiation 

protocols for both iPSC cells and organoids appear to be in vitro models that possess better molecular 

and functional characteristics for use in the study of neurodegenerative diseases such as PD, but they 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 March 2026 doi:10.20944/preprints202603.2483.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.2483.v1
http://creativecommons.org/licenses/by/4.0/


 10 of 20 

 

are much more complex and difficult to manage. Therefore, the study of new models that can 

complement this knowledge is necessary. Human neuroblastoma NB69 cells have been used as an 

interesting model for studying the effects of neurotoxic and neuroprotective drugs on 

catecholaminergic neurons [44,47,48]. The human neuroblastoma cell line NB69 is rich in 

catecholamines and has a suitable biochemical and pharmacological profile as an in vitro model of 

PD (Mena et al., 1989).  

Here, we have evaluated whether the human neuroblastoma cell line NB69 can serve as an in 

vitro model of DA neurons for PD research and have compared it with differentiated NB69 cells. The 

differentiation of the NB69 neuroblastoma cell line was achieved by adding dbcAMP to the culture 

medium, as an inducer of neuronal differentiation and neurite growth (neuritogenesis/neurite 

inducer) [44]. This compound has been previously used and tested as a neural differentiator for a 

wide variety of neural stem cells and cell lines [49,50]. We observed that NB69 cells treated with 

dbcAMP showed morphological and biochemical changes. These changes consisted of the 

development of neuritic processes and the presence of a greater number of TH-positive cells, 

suggesting that the compound induced the differentiation of NB69 towards a dopaminergic-like 

phenotype. These changes are consistent with those observed in the analyses by Mena, M.A., et al. 

1995 [44], which also include the study of TH enzyme activity and a decrease in cell proliferation, 

which would confirm the change to a mature dopaminergic neuron. 

In experimental PD research, the use of neurotoxic models, both in vitro and in vivo, is common. 

These models attempt to reproduce certain characteristics of the disease. They are very useful for 

understanding its causes and origins, as well as for searching for potential treatments, since there is 

no effective drug capable of halting its progression. The neurotoxin methylphenylpyridinium (MPP+) 

was used as an in vitro model of PD, given that it is a good and reliable inducer of oxidative stress 

[16,17]. The effect on the viability of the NB69 neuroblastoma cell line and its differentiated 

counterparts, and of DMSC was analyzed. As expected, viability was reduced in both phenotypes 

given that the neurotoxic effect of MPP+ has been extensively studied and confirmed [13]. This toxic 

effect was greater in the NB69 cells than in differentiated NB69 cells, possibly because differentiation 

produces a greater number of mitochondria, which could make them less susceptible to MPP+ 

toxicity [51].  

Given the lack of an effective therapy for the treatment of PD, there is currently great expectation 

about the use of cell therapy in this pathology. MSC appear to be a promising alternative for 

modifying the course of PD, as they provide neuroprotection, reduce neuroinflammation, and 

potentially repair damaged dopaminergic pathways [52]. The most commonly used MSC are those 

derived from the umbilical cord (UC-MSC) or adipose tissue (AD-MSC), and they have been shown 

to act primarily through paracrine signaling, that is, through the secretion of neurotrophic factors 

and exosomes, thus promoting neuronal survival and modulating the microenvironment to mitigate 

oxidative stress [53]. In this study, we used decidua mesenchymal stromal cells (DMSC). To our 

knowledge, no studies have examined the potential use of this type of stem cell in treating Parkinson's 

disease. Before examining the impact of DMSC on MPP+-related toxicity in the in vitro PD model 

presented here, we assessed the influence of MPP+ on DMSC viability. In DMSC, MPP+ also affected 

viability, though to a much lesser degree than in NB69 cells. The effect in DMSC could be mediated 

by the organic cation transporter 3 (OCT3), which is expressed in numerous tissues, with particularly 

high expression in the placenta [54], in both the decidua and the trophoblast [55]. OCT3 in the 

placenta has been described as playing an important role in the transport of cationic compounds such 

as MPP+ from the fetal circulation to the placenta [56]. Furthermore, the dopamine receptor DA-1 is 

present in the decidua of term placentas, possibly due to the role of dopamine in regulating 

prostaglandin production [57]. MSC obtained from the basal decidua have also been shown to be 

resistant to toxic environments, suggesting that they could be useful in the treatment of numerous 

diseases associated with oxidative stress and other types of stress [58]. 

We investigated the potential therapeutic effects of DMSC in an MPP+-induced neurotoxicity 

model using dopaminergic NB69 cells and their differentiated counterparts. We had previously 
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observed that DMSC possess a marked antitumor effect both in vitro and in vivo [33,42]. Therefore, 

the initial step was to analyze the effect of DMSC on NB69 cells in their two phenotypes: 

undifferentiated and differentiated. The results obtained by co-culturing NB69 cells with DMSC 

demonstrate that DMSC have a negative effect on the viability of the undifferentiated NB69 

phenotype. However, DMSC co-cultured with differentiated NB69 cells did not demonstrate the 

expected antitumor effect, instead showing a slight increase in viability. In conclusion, the in vitro 

Parkinson's disease model based on the NB69 tumor cell line is not the most suitable method for 

studying the effect of DMSC as cell therapy in this disease. The model based on the differentiated 

NB69 cell line should be used [59]. 

A study was conducted to examine the therapeutic effect of DMSC on MPP+-induced toxicity in 

NB69 cells. The results indicated that DMSC had no impact on MPP+-induced damage in NB69 cells 

and did not offer any protection. These results could be explained by the previously demonstrated 

anti-tumor properties of DMSC. However, DMSC demonstrated a therapeutic effect in the MPP+ 

toxicity model in differentiated NB69 cells, as it induced increased viability and significantly 

protected against cell damage, restoring 100% viability. Some studies have observed that MSC have 

the capacity to exert a neuroprotective effect against oxidative stress through the secretion of 

neurotrophic factors (NTFs) including brain-derived neurotrophic factor (BDNF), nerve growth 

factor (NGF), and glial cell-derived neurotrophic factor (GDNF) [34,60]. Conversely, it has been 

established that decidua cells exhibit a degree of resistance to oxidative stress when exposed to 

elevated levels during pregnancy [61]. Given these considerations, it is reasonable to conclude that 

DMSC will be able to exert their therapeutic effects even in environments with high oxidative stress, 

such as that generated by MPP+ treatment. This phenomenon could be attributed to a paracrine effect 

of DMSC, resulting in the release of neurotrophic factors (NTFs). 

MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine) administration is a widely used in vivo 

model for PD. It is essential to determine whether DMSC can be administered intravenously or via 

local transplantation for future in vivo neurotoxin studies. Therefore, in vitro migration assays were 

used to analyze whether neuronal damage could attract DMSC. The results show that DMSC are 

significantly attracted to undifferentiated NB69 cells, regardless of whether the NB69 cells have been 

damaged by MPP+. This may be due to the tumorigenic nature of the NB69 cells, which is consistent 

with previous research conducted in our laboratory demonstrating DMSC attraction to tumorous 

breast tissue [33,42]. Interestingly, the results showed that DMSC are only significantly attracted to 

differentiated NB69 cells when those cells have been damaged by MPP+. These results align with the 

observation that MSC migrate to areas of tissue damage and suggest that DMSC can be administered 

intravenously [33]. 

MPP+ is one of the most widely used neurotoxins in in vitro models of PD because it specifically 

targets dopaminergic neurons and induces their death by inhibiting complex I of the mitochondrial 

respiratory chain [15]. This model simulates some of the crucial pathological features of PD, including 

mitochondrial dysfunction, oxidative stress, and apoptosis [62]. The use of MitoSOX™ Red allows 

for the direct assessment of mitochondrial superoxide anion (O₂•–) production in live cells. Under 

basal conditions, most cell types exhibit low to moderate red fluorescence, corresponding to 

physiological levels of superoxide generated by the respiratory chain [63]. A significant increase in 

MitoSOX fluorescence is observed under conditions that cause mitochondrial dysfunction or an 

increase in electron flow, such as the inhibition of complexes I or III (e.g., rotenone or antimycin A) 

or metabolic overload [64]. The results presented here suggest that DMSC protect mitochondrial 

function against damage caused by the neurotoxin MPP+ in differentiated NB69 cells. This may be 

one of the mechanisms by which DMSC exert a regenerative effect in this disease. 

Mitochondrial dysfunction contributes significantly to the progression of various diseases, 

making it a key therapeutic target. Preclinical evidence indicates that MSC can exert therapeutic 

effects in various pathologies, including neurological diseases, by enhancing mitochondrial function 

in damaged tissues [65]. Specifically, andrographolide and other antioxidants attenuated MPP+-

induced oxidative stress through mitophagy and the clearance of alpha-synuclein via autophagy. 
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This suggests that andrographolide has a neuroprotective effect in PD [66]. This antioxidant further 

reversed MPP+-induced mitochondrial membrane potential (MMP) depolarization and enhanced 

antioxidant capacity through the Nrf-2 antioxidant system. It has been suggested that MSC regulate 

mitochondrial biogenesis, mitophagy, and mitochondrial fission/fusion [67]. Furthermore, 

mitochondrial transfer from MSC via tunnel nanotubes and microvesicular transport has also been 

shown to improve mitochondrial function, thereby contributing to the resolution of injury and 

inflammation. Mitochondria derived from UC-MSC reduce DA neurons cell death caused by MPP+ 

and other toxins [68]. Furthermore, a murine model of PD has been shown to reduce the expression 

of proinflammatory cytokines, alleviating oxidative stress and inflammation, and normalizing 

mitochondrial dysfunction [69]. A previous study demonstrated that mitochondrial transfer from 

astrocytes derived from iPSC-derived MSC restored rotenone-induced ATP levels in DA neurons 

[70]. There is increasing evidence that mitochondrial donation by MSC is an active and regulated 

biological response that restores metabolic homeostasis in damaged tissues [71]. Future studies will 

explore whether DMSC transfers mitochondria to NB69 cells to protect them from MPP+-induced 

mitochondrial damage, and how this transfer occurs. One possibility is that it occurs through 

pathways such as nucleotide transfer tubules (NTTs) or extracellular vesicles (EVs). Another 

possibility is that this mechanism is due to passive or reactive behavior. 

4. Materials and Methods 

4.1. Isolation and Culture of Decidua Mesenchymal Stromal Cells (DMSC)  

Human placentas were collected from healthy mothers at the Department of Obstetrics and 

Gynecology during vaginal or cesarean deliveries, following written informed consent approved by 

the Ethics Committee of Hospital Universitario 12 de Octubre. Placental membranes were dissected 

and cells were obtained as previously described [36]. Briefly, the tissue was digested twice with 

trypsin for 30 min, and isolated cells were cultured at 37 °C, 5% CO2 and 95% humidity in Dulbecco’s 

modified Eagle’s medium (DMEM) supplemented with 2 mM of glutamax, 0.1 mM of sodium 

pyruvate, 1% nonessential amino acids (NEAA), 1% penicillin/streptomycin, 10% of fetal bovine 

serum (FBS) and 10 ng/mL of Epidermal Growth Factor (EGF).  

4.2. Cell Culture and Differentiation of Neuroblastoma Cell Line NB69 

Human neuroblastoma cell line NB69 was kindly provided by Dr. Mª Angeles Mena [72]. NB69 

cells were grown in DMEM supplemented with 2 mM of glutamax, 0.1 mM of sodium pyruvate, 1% 

NEAA, 1% penicillin/streptomycin, and 10% of FBS at 37 °C in a humidified atmosphere of air with 

5% CO2. 

For cell differentiation, NB69 cells were seeded at an initial concentration of 1x104 cells/cm2 and 

the differentiation was carried out during 5 days by the addition of 2mM dbcAMP to the culture 

medium supplemented with 2% FBS, according to the published procedure by Mena, M.A. et al., 1989 

[72]. Differentiation stage of NB69 cells was assessed by three approaches, immunofluorescence assay 

for tyrosine hydroxylase (TH) protein expression, measurement of neurite size, as well as 

quantification of cell proliferation rate (see below). 

4.3. Preparation of MPP+ Toxin and Treatment of NB69 Cells 

1-Methyl-4-phenylpyridinium iodide (MPP+) was freshly prepared in phosphate-buffered saline 

(PBS) just before use. Different doses and incubation times with the MPP+ toxin were tested in this 

study (see Results section). 

4.4. Cell Viability Assay 

Cell viability after MPP+ treatment was quantified using the Alamar Blue assay (Invitrogen, 

Thermo Fisher Scientific, Madrid, Spain), following the manufacturer's instructions. Specifically, 
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25,000 cells/cm2 were seeded and treated with MPP+ at different times, specified in each figure 

caption. The culture medium was then replaced with complete DMEM containing 1% Alamar Blue 

reagent and incubated for 1 h at 37 °C to allow viable cells to convert resazurin (blue) to resorufin 

(violet). The fluorescence signal was measured at 590 nm using a multimodal plate reader (2300 

Enspire, PerkinElmer España S.L., Madrid, Spain). 

4.5. Cell Death Assay 

MPP+-induced cytotoxicity was determined by measuring lactate dehydrogenase (LDH) release 

from damaged NB69 cells into the culture medium using the Pierce LDH Cytotoxicity Assay Kit 

(Thermo Scientific, Madrid, Spain), following the manufacturer's instructions. Briefly, the cell culture 

medium was collected after treatment, the reaction mixture was added in a 1:1 ratio, and the samples 

were incubated for 30 min at room temperature, protected from light. The reaction was then stopped, 

and the absorbance was quantified at 460 nm and 680 nm. The difference between the absorbance 

value at 680 nm (instrument background signal) and the absorbance value at 490 nm indicates LDH 

activity. Labeling with annexin V and propidium iodide (PI) was performed on cells in suspension, 

in darkness, and at room temperature. After 15 min of incubation, the labeled cells were analyzed by 

flow cytometry (FACScalibur, BD). 

4.6. Cell Proliferation Assay 

Cell proliferation in NB69 cells was quantified using the Cell Proliferation Colorimetric ELISA 

(Roche Diagnostics, S.L., Sant Cugat del Vallès, Barcelona, Spain) by measuring the incorporation of 

5-bromo-2-deoxyuridine (BrdU) during DNA synthesis in dividing cells. Incorporated BrdU was 

detected using a colorimetric immunoassay according to the manufacturer's instructions. Briefly, the 

BrdU labeling solution was added directly to the cell culture and incubated for 24 h. The cells were 

fixed, and the BrdU-labeled DNA was denatured to make BrdU accessible to the anti-BrdU-POD 

antibody. The substrate solution was then added, and absorbance was measured at 370 nm and 492 

nm using the Enspire 2300 Multimodal Plate Reader (PerkinElmer España S.L., Madrid, Spain).  
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4.7. Indirect Co-Culture Assay of NB69 and DMSC Cells 

To study the effect of DMSC on NB69 cells and differentiated NB69 cells, an indirect co-culture 

assay was established using Transwell inserts containing a polycarbonate membrane with a pore size 

of 0.4 μm. NB69 cells were seeded at a concentration of 1x105 cells per 24-well plates. DMSCs were 

seeded in a 1:2, 1:5 or 1:10 ratio to NB69 cells on the Transwell inserts. Both cell lines were cultured 

separately for 24 h to allow them to form the cell monolayer. The co-culture was established by 

placing the DMSC-Transwells onto the NB69 wells. For differentiated NB69 cells, the co-culture was 

established after differentiation was completed. Before establishing the co-culture with DMSC, the 

neurotoxin MPP+ was added to the differentiated NB69 at a concentration of 0.5 mM to allow the 

toxin to take effect for 6 h before proceeding with the co-culture. Viability was assessed using the 

Alamar Blue assay 72 h after establishing the co-culture with DMSC, as described above. 

4.8. DMSC Migration Assay 

DMSC were seeded in Transwell inserts with an 8 μm pore size polycarbonate membrane, and 

NB69 cells were seeded into the plate wells. Cells were seeded in a 1:2, 1:5 or 1:10 ratio (DMSC:NB69). 

Five different chemoattractant conditions were placed at the bottom of the chambers: DMEM 

(negative control), NB69 cells, NB69 cells treated with 0.5 mM MPP+, differentiated NB69 cells, and 

differentiated NB69 cells treated with 0.5 mM MPP+. The cells were co-cultured for 3 h, and DMSC 

migration was then studied using the CytoSelect Cell Migration Assay kit (Cell Biolabs, Bionova 

Cientifica, S.L., Madrid, Spain) [33]. Non-migratory cells were removed from the top of the Transwell 

membrane migratory cells were stained and, once the color was extracted, the absorbance was 

quantified at 560 nm using the Enspire 2300 plate reader (PerkinElmer España S.L., Madrid, Spain). 

4.9. Immunofluorescence 

To identify dopamine-secreting neurons, TH immunoreactivity was studied by 

inmunofluorescnece. Differentiated NB69 cells were fixed in 4% paraformaldehyde for 15 min, 

permeabilized with 0.3% Triton X-100 for 10 min, and blocked with 1% BSA in PBS for 30 min. Cells 

were incubated overnight at 4 °C with a rabbit polyclonal anti-TH antibody (1:250) (Merck Millipore, 

Madrid, Spain) and for 1 h at room temperature with the secondary anti-FITC antibody (1:200) 

diluted in PBS with 1% BSA. Nuclei were stained with 0.1 ng/ml of 4′,6-diamidino-2-phenylindole 

(DAPI) for 15 min. Fluorescence was visualized using a Leica DMIL microscope equipped with a 

DC.3000S SCMEX 3 camera, and images were acquired using ImageFocus v4 software (Euromex 

Microscopen, The Netherlands). Total cell fluorescence intensity and total background fluorescence 

were quantified using ImageJ (National Institute of Mental Health, Bethesda, Maryland, USA). 

Corrected total cell fluorescence (CTCF) was calculated using the formula: CTCF = Integrated density 

− (Selected cell area × Mean fluorescence of background readings). 

4.10. Measurement of Neurite Length 

Neurites and somas were delineated and measured from images of NB69 cells and differentiated 

NB69 cells using ImageJ software. The software automatically calculates the length of the plotted 

segments and exports the data. The axon and soma length data were analyzed to obtain the axon-

soma ratio.  
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4.11. Detection of Mitochondrial of Reactive Oxygen Species (ROS) Levels 

The mitochondrial superoxide anion was measured using the fluorogenic dye MitoSOX. For this 

purpose, the NB69 medium was removed, and the cells were washed twice with Hank’s Balanced 

Salt Solution (HBSS). Subsequently, 5 μM of MitoSOX diluted in HBSS was added to each well, and 

the cells were incubated at 37 °C in a humidified environment for 30 min. The culture was then rinsed 

twice with HBSS to facilitate inspection with a fluorescence microscope. 

Live cells were observed using a fluorescence microscope (ZOE Fluorescent Cell Imager, Bio-

Rad) for NB69 cells and a Leica Dmi8 inverted microscope for differentiated cells. 

Fluorescence intensity was quantified using ImageJ software. Subsequently, the mean 

fluorescence intensity (MFI) of each positive cell (i.e., the region of interest [ROI]) was measured. For 

each condition, five representative images were randomly captured, and the mean of all regions of 

interest (ROIs) was calculated as data for that particular well. 

In one of the studies, after fluorescence microscopy imaging, differentiated NB69 cells were 

detached from their well and analyzed using a Cytek Aurora spectral flow cytometer (Cytek 

Biosciences, Fremont, CA, USA) to determine the percentage of Mito-SOX-positive cells. The data 

were analyzed using Floreada.io software. 

4.12. Statistical Analysis  

The measured parameters were statistically analyzed using Student’s t-test and are expressed as 

mean ± SD. Results were considered statistically significant when p < 0.05.  

5. Conclusions 

This study revealed relevant aspects of the in vitro modeling of Parkinson's disease. The 

neurotoxic effect of MPP+ is well-known, but its impact on other cell types requires further 

verification. Second, although the neuroblastoma cell line is commonly used to study PD, our results 

show that it is not ideal for all studies. In fact, this project shows that the neuroblastoma cell line 

model is not suitable for studying cell therapy with DMSC due to the DMSC´s antitumor effect. A 

study using dbcAMP-differentiated NB69 cells showed that DMSC have a significant neuroprotective 

effect against MPP+-induced cell damage in this more neuronal and dopaminergic cell type. This 

neuroprotective effect is due, at least in part, to an improvement in mitochondrial function; this 

mechanism should be studied further. Based on these findings, human DMSC could be used in cell 

therapy treatments for Parkinson's disease and other neurodegenerative pathologies. 
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