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Case Report

Abstract
The present study evaluates the safety and efficacy of allogeneic pluripotent non-tumorigenic adipose stem cells (PASCs) 

intravenously (IV) injected in a patient with classical Parkinson’s disease. PASCs were isolated from lipoaspirate material; 
pluripotency, teratogenesis, chromosomal integrity, and purity were determined accordingly. The patient was injected intravenously 
with 3 doses of 25 x 106 PASCs over time (0, 3, 10 months), and safety and symptom improvements were assessed at 0, 3, 10, and 
16 months using validated clinical measurements. The patient exhibited no adverse effects from the PASC transplantation over 16 
months of treatment, with significant improvements in activities of daily living, motor function, fall risk, and balance. This case 
report demonstrates safety and significant improvements in critical clinical outcomes of intravenous allogenic pluripotent non-
tumorigenic PASC transplantation, making PASCs an excellent candidate for cell therapy in patients with PD.
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Introduction

Parkinson’s Disease (PD) is a progressive neurodegenerative 
movement disorder, characterized by degeneration of dopaminergic 
neurons in the substantia nigra and cardinal clinical symptoms of 
tremor, rigidity, and bradykinesia, alongside additional symptoms 
[1]. The number of PD patients has more than doubled in the past 
30 years. This increasing prevalence is expected to continue, with 
an estimated 12 to 17 million cases worldwide by 2040. This trend 
is likely related to an aging population, genetic contributions, 
and lifestyle and environmental factors [2]. There is currently no 
disease-modifying therapy to prevent PD progression. Drugs, such 
as levodopa, dopamine agonists, or monoamine oxidase inhibitors 
among others, are only able to provide symptomatic relief, often 
with side effects, such as dyskinesia and motor fluctuations 
[1]. Therefore, a disease-modifying therapeutic to target PD 
progression is necessary.

Applications of stem cells to treat disease, aiding in tissue 
regeneration and functional recovery, have been demonstrated 
in a variety of conditions [3]. Stem cell properties, such as their 
ability to exert immunomodulatory effects, promote cell repair, 
and replace damaged cells, are the basis for their potential in PD 
treatment [3]. Studies have investigated mesenchymal stem cells 
(MSCs), human embryonic stem cells (hESCs), and induced 
pluripotent stem cells (iPSCs) for PD. However, these therapies 
are limited, due to low capacity for neuronal differentiation to 
neural cells in MSCs [4], and teratogenesis upon transplantation in 
hESCs and iPSCs [5]. Recently, the Stem-PD clinical trial began 
investigating the safety of dopamine progenitor cells derived from 
human pluripotent stem cells [6].

Pluripotent adipose-derived stem cells, PASCs (previously 
Muse-AT cells), exhibit non-tumorigenicity and triploblastic 
differentiation capability. PASCs are isolated from lipoaspirate 
tissue under severe cellular stress conditions, including lack of 
nutrients, hypoxia, low temperatures, and exposure to enzyme 
digestion [7,8]. They express classical pluripotency markers and 
HLA Class I, possess immunomodulatory properties, and have 
capacity for homing to damaged tissues, supporting their potential 
for allogeneic transplantation [8]. Safety of PASC transplantation 
intravenously and intracranially in naïve mice has previously 
been demonstrated (data not shown). Based on characteristics of 
PASCs, we performed a novel study in the safety and efficacy of 
IV injected PASCs in a patient with classical PD.

Case Presentation

We report the case of a 65-year-old Caucasian, non-
Hispanic male diagnosed with PD. The patient had asymmetric 

extrapyramidal symptoms including bradykinesia, rigidity, and 
mild tremor. He did not report anosmia or REM sleep behaviour 
disorder, and his brain MRI was unremarkable. The patient’s 
complete medication regimen included Carbidopa/Levodopa (Sine 
met) (25 mg Carbidopa/100 mg Levodopa, 4x daily) and catechol-
o-methyl transferase inhibitor Opicapone (50 mg, 1x daily). 
Additionally, he received physical therapy for his symptoms.

PASCs were isolated from human lipoaspirate material, 
and pluripotency, non-tumorigenicity, chromosomal integrity, 
and purity were determined as previously described [7,8] (See 
Supplementary Materials). The patient received 3 IV doses of 
highly purified PASCs (25 x 106 PASCs/dose) at three time points 
(0, 3, and 10 months). Before each injection, the patient’s clinical 
symptoms were assessed, as well as after 16 months of treatment. 
Validated clinical measures, such as the 39-item Parkinson’s 
Disease Questionnaire (PDQ-39), Movement Disorder Society 
Unified Parkinson’s Disease Rating Scale (MDS-UPDRS), Five-
Times Sit-to-Stand Test, Mini Balance Evaluation Systems Test 
(Mini-BESTest), Timed “Up & Go” Test (TUG), 360-Degree Turn 
Test, Clinical Test of Sensory Interaction & Balance (CTSIB), and 
Limits of Stability were used to assess the patient’s conditions (See 
Supplementary Materials).

After the first dose of PASCs, the patient began taking 
dopamine agonist Pramipexole, but it was soon discontinued as 
the patient developed Pisa syndrome. After the second PASC dose, 
the patient became noncompliant with his medication regimen. He 
experienced a fall 1 month after the second dose of PASCs, and his 
Carbidopa/Levodopa dosage was increased to 6x daily. The patient 
was also prescribed monoamine oxidase-B inhibitor Rasagiline (1 
mg, 1x daily) and Modafinil for fatigue. 

Three months after the second injection, the patient was 
found to have a great reduction in symptoms, as his walking 
speed, gait, and balance improved. Carbidopa/Levodopa dosage 
was lowered to 4x daily, and Modafinil was discontinued. After 
the third PASC dose, the patient’s clinical presentation was stable, 
and he continued to take Carbidopa/Levodopa, Opicapone, and 
Rasagiline at similar dosages.

The improvement in the patient’s PDQ-39 score, which 
assesses ability to complete activities of daily living (ADL), 
surpassed the threshold of minimal clinically important difference 
decreasing from baseline evaluation (17.94%) to the 16-month 
evaluation (3.85%). The PDQ-39 was separated into eight domains, 
including mobility, ADL, emotional well-being, stigma, social 
support, cognition, communication, and bodily discomfort. During 
the final evaluation, seven domains show a decrease in scores 
compared to baseline, with exception of the “bodily discomfort” 
domain, which remained the same (Table 1).
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The patient also showed improvements in MDS-UPDRS score, which assesses ADL (Part I & Part II), and motor function (Part III). 
Compared to baseline, the patient’s MDS-UPDRS total, Part I, and Part III scores were greatly decreased after treatment. Additionally, 
his performance on the 360-Degree Turn Test, which assesses dynamic balance, also improved from baseline through the course of 
the study. Mini-BESTest, which assesses balance alongside dynamic movement, remained similar throughout the study course, within 
normal range values. The patient’s TUG time, which assesses mobility and fall risk, showed improvement compared to baseline (Table 
1). 

The patient’s CTSIB stability scores, which assess balance, showed improvement from baseline, especially in more difficult 
conditions (Figure 1). In Condition #1, standing on a firm surface with eyes open, his scores ranged from 88-93 without any notable 
changes from evaluations at 0, 3, 10, and 16 months. There was a slightly wider range of scores varying from 83-94 in Condition #2, 
standing on a firm surface with eyes closed. Condition #3 showed an increase in scores, from inability to complete standing on an 
unstable surface with eyes open at baseline, to a score of 78 at 16 months. Condition #4 showed significant improvement from baseline 
at 3 and 10 months, but not at 16 months (Figure 1). Improvements in Path Length & Velocity are described in Supplementary Results. 

Tests 0 Months (Baseline) 3 Months 10 Months 16 Months

PDQ-39
Mobility* 3 10 9 0

PDQ-39
ADL* 3 7 6 2

PDQ-39
Emotional Well-Being* 3 2 2 0

PDQ-39
Stigma* 4 5 4 2

PDQ-39
Social Support* 6 6 6 0

PDQ-39
Recognition* 6 2 2 0

PDQ-39
Communication* 1 2 2 0

PDQ-39
Bodily Discomfort* 2 1 1 2

PDQ-39 
Total Score 17.94% 22.40% 20.51% 3.85%

MDS-UPDRS Part I† 17 3 1 3

MDS-UPDRS Part II† 3 7 9 2

MDS-UPDRS Part III† 44 16 32 27

MDS-UPDRS Part IV† 0 0 0 0

MDS-UPDRS Total Score 64 26 42 32

5 Times Sit to Stand (sec) 17.02 15.62 18.18 13.75
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Mini-BESTest‡ 24 23 24 24

Timed Up & Go (sec) 9.22 9.53 9.2 8.37

360-Degree Turn Test Average Steps: Right 10 8 7 7

360-Degree Turn Test Time: Right (sec) 4.14 4.23 4.05 4.26

360-Degree Turn Test Average Steps: Left 8 7 7 6.5

360-Degree Turn Test Time: Left (sec) 3.69 4.46 4.35 3.23

* Lower scores in each PDQ-39 domain reflect better quality of life. Mobility corresponds to items #1-10 on the PDQ-39, with 10 total items; ADL 
corresponds to items #11-16 on the PDQ-39, with 6 total items; Emotional Well-Being corresponds to items #17-22 on the PDQ-39, with 6 total 
items; Stigma corresponds to items #23-26 on the PDQ-39, with 4 total items; Social Support corresponds to items #27-29 on the PDQ-39, with 3 
total items; Cognition corresponds to items #30-33 on the PDQ-39, with 4 total items; Communication corresponds to items #34-36 on the PDQ-39, 
with 3 total items; Bodily Discomfort corresponds to items #37-39 on the PDQ-39, with 3 total items.
† MDS-UPDRS Part I is scored out of 52 points, with a higher score corresponding to more severe nonmotor symptoms regarding ADL; MDS-
UPDRS Part II is scored out of 52 points, with a higher score corresponding to more severe motor symptoms regarding ADL; MDS-UPDRS Part III 
is scored out of 132 points, with a higher score corresponding to more severe symptoms upon motor examination; MDS-UPDRS Part IV is scored 
out of 24 points, with a higher score corresponding to more severe symptoms of motor complications

‡ The Mini-BESTest is scored out of 28 points, with a lower score corresponding to greater balance deficits.

Table 1: PD Assessments.
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Figure 1: Clinical Test of Sensory Interaction and Balance (CTSIB). (A, C, E, G) Stability scores at baseline, 3 months, 10 months, 
and 16 months, compared to reference scores. Higher scores reflect increased balance and stability. (B, D, F, H) Path length, average 
velocity, and representation of 95% confidence ellipse of mass acceleration in the horizontal plane to characterize postural sway. Lower 
path length reflects better balance. Lower velocity reflects a greater ability to control directional displacement of the center of gravity. 
*Indicates loss of balance before the end of the test (30 seconds).
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Discussion

PASCs express pluripotent stem cell markers and 
immunomodulatory properties [7,8], making them suitable for 
allogeneic transplantation. The present study confirms that PASCs 
are pluripotent, non-tumorigenic, and can be obtained efficiently 
with a high degree of purity in one single step [7,8]. Injection of 3 
doses in a PD patient did not produce adverse effects over a span 
of 16 months. The patient showed significant improvements in PD 
symptoms, including motor function, balance, stability, and ADL. 
Additionally, his medication dosage at the conclusion of the study 
was stable and similar to his dosage before treatment.

Previous case reports have reported MSCs [9,10] and iPSC-
derived progenitor cells [11] to treat PD patients. These reports 
showed clinical improvement assessed primarily via MDS-
UPDRS and PDQ-39 scores, alongside neuroimaging. MSCs 
have lower differentiation capabilities and cannot differentiate 
into dopaminergic neurons, limiting their ability to replace 
degenerating tissues. iPSCs possess this differentiation capability 
but are teratogenic; therefore, only progenitors derived from iPSCs 
could be used to treat PD patients.

Currently, clinical trials investigating the safety and dosage 
of MSCs in PD are underway [12,13]. A case report showed that 
a patient who received 26 doses of MSCs showed improvement 
of symptoms with no adverse effects over 2 years [10]. A recent 
Phase I dose-escalation trial at the University of Texas in Houston 
demonstrated no serious adverse reactions to infusions of doses 
of 1, 3, 6, or 10 × 106 stem cells/kg in PD patients [14]. Only the 
highest dose had the most significant effects in the reduction of 
MDS-UPDRS scores and inflammatory markers. Following its 
completion, a Phase IIa clinical trial investigated allogeneic MSCs 
in 45 patients, who received 3 doses of either MSCs every 3 
months (10 × 106 stem cells/kg/dose) or placebo [12]. 

Notably, the dosage of pluripotent PASCs in our present 
study is 100 times lower than the dosage of multipotent MSCs 
used in the Phase IIa study [12] (2.5 x 107 PASCs versus 2.4 x 109 
MSCs every 3 months in an 80 kg patient), indicating a significant 
advantage for use of PASCs in PD patients. This is in agreement 
with previous studies using pluripotent stem cells similar to PASCs, 
named Muse cells, which comprise a small percentage of the MSC 
population (~1%) [15]. Therefore, isolation and transplantation of 
PASCs has the potential to be more efficient and lower cost than 
MSC transplantation.

MDS-UPDRS scores are considered the “gold standard” test 
to evaluate motor and non-motor functions in PD patients. In the 
present study we incorporated additional quantitative measures 
of clinical improvements, supplementing MDS-UPDRS results 
such as PDQ-39, 5 Times Sit to Stand, Mini-BESTest, TUG, 
360-Degree Turn, and CTSIB tests, strengthening our conclusions 

and allowing additional information regarding the improvements 
of PD symptoms. 

Since the present study is a case report, it is difficult to 
directly draw definitive conclusions. A randomized, placebo-
controlled, double-blinded clinical trial is currently underway to 
evaluate 40 patients treated with PASCs or a placebo control to 
confirm the potential therapeutic benefits of PASCs transplantation 
in PD patients [16]. 

Conclusions

In summary, this case report shows that allogeneic, IV 
injected PASCs in a PD patient are safe and produce significant 
improvements in motor function, balance, stability, and ADL, 
making PASCs a promising candidate to treat PD as well as other 
neurodegenerative disorders.

Supplementary Materials

Detailed Methods:

PASC Isolation

Liposuction of human abdominal subcutaneous lipoaspirate 
material was performed following standard protocol [17] in selected 
donor patients who were non-obese healthy individuals, 30-50 
years old, without infectious diseases (Human Immunodeficiency 
Virus, Hepatitis A, B and C Virus, Covid-19, Epstein-Barr Virus, 
T-lymphotropic virus type 1, Citomegalovirus, Epstein-Barr Virus, 
and Zika Virus). 

PASCs were isolated as previously described in the literature 
[7,8]. Briefly, the lipoaspirate material was washed with phosphate 
buffer (PBS) until blood was completely removed, and tissue was 
incubated with 0.1% (wt/vol) collagenase in Alpha-MEM for 30 
minutes at 37°C with agitation, followed O/N incubation at 4°C 
under hypoxic conditions. After centrifugation, cell pellets were 
depleted from erythrocytes using red blood cell lysis buffer, and 
after centrifugation, the remaining cell pellet containing PASCs 
was washed with PBS and then cryopreserved and stored in liquid 
nitrogen. PASCs cells were thawed, cultured in suspension using 
60-mm non-adherent plastic dishes in the presence of alpha MEM 
+ 20% KnockOut serum replacement for 24 hours at 37°C, 5 % 
CO2 for further cell characteristic studies. Pool of PASCs from 
5 different donors with similar number of cells was used for the 
study.

Pluripotent characteristics of PACS

PASCs in suspension were spun onto glass slides, and fixed 
by the addition of cold methanol. The cells were then incubated 
with the following primary antibodies: anti-stage-specific 
embryonic antigen (SSEA-4; Abcam) anti-human embryonic 
cell marker OCT-4; Abcam). Secondary antibodies, used at 1 
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to 500 dilution, were either mouse Alexa Fluor 647 conjugated 
dye (Thermo Fisher), and rabbit Alexa Fluor 488 conjugated dye 
(Thermo Fisher). The slides were mounted with Mowiol (Sigma-
Aldrich). Images were acquired on an inverted Zeiss LSM710 
(Carl Zeiss MicroscopyGmbH, Jena, Germany, http://www.zeiss.
com). Data acquisition was performed using ZEN Black 2011 
software (Carl Zeiss Microscopy).

Analysis of viability and quantification automatic cell counter

Resuspended PASCs were mixed with equal volume of 0.4% 
trypan blue (ThermoFisher Scientific, Waltham, Massachusetts), 
and 10 μl was transferred to a chamber slide. Number of living 
cells vs dead cells were determined using a cell counter (Countess 3 
Automated Cell Counter, ThermoFisher, Waltham, Massachusetts).

Flow Cytometry Analysis of viability and quantification

Resuspended PASCs in 100 μl in PBS containing 0.5% 
BSA, 1% Sodium Azide were incubated with 10 μl of propidium 
Iodide (ThermoFisher Scientific, Waltham, Massachusetts) at 4°C 
for 30 minutes in the darkness, after 2 times washes with PBS, 
PASCs were resuspended with 300 μl with PBS transferred to 5 
ml round-bottom tubes (Trucount tubes (BD Bioscience, Franklin 
Lakes, New Jersey). Analysis was performed using the Cytoflex 
LX (Beckman Coulter, Brea, California).

Analysis of teratogenesis 

Teratogenesis of PASCs was determined using 
ALDEFLUORTM for Aldehyde dehydrogenase (ALDH) 
detection following standard protocol (STEM CELL Technologies, 
Vancouver).

Determination of Karyotypes

PASCs were grown in Amnio Max culture medium 
(ThermoFisher Scientific, Waltham, Massachusetts) for 10 days. 
Cells were then fixed in 4% formaldehyde, stained with 5 μl/
ml Quinacrine-Hoechst (ThermoFisher Scientific, Waltham, 
Massachusetts),micro photographed using optic microscope 
(Olympus BX53, Life Science, St. Petersburg, Florida), and then 
analysed by Digital Karyotyping Automated Scanning HiBAND 
(Applied Spectral Image, Carslbad, California).

PASC implantation

Patient was IV injected with highly purified PASCs (25 x 106 
PASCs/dose) at three time points (0, 3, and 10 months), Clinical 
and non-neuromotor/motor characteristics were assessed a few 
days before each injection as well as 16 months after first injection. 

PDQ-39

The 39-item Parkinson’s Disease Questionnaire (PDQ-39) 
consists of 39 questions used to assess quality of life answered by 

the patient. Items assessed in the PDQ-39 include ADL, attention 
and working memory, cognition, communication, depression, 
functional mobility, quality of life, social relationships, and social 
support [18]. The final score is transformed on a linear scale from 
0% to 100%, with a higher score reflecting lower quality of life.

MDS-UPDRS

The Movement Disorder Society Unified Parkinson’s 
Disease Rating Scale (MDS-UPDRS) is widely used to quantify 
clinical characteristics of PD in adults. The scale assesses aspects 
of PD, and it is divided into 4 domains: nonmotor experiences of 
daily living (Part I), motor experiences of daily living (Part II), 
motor examination (Part III), and motor complications (Part IV). 
The MDS-UPDRS has a total of 65 items, and the assessment 
takes approximately 30 minutes to complete. Assessments using 
the MDS-UPDRS were conducted during the “ON” state.

Mini-BESTest

The Mini Balance Evaluation Systems Test (Mini-BESTest) 
aims to measure dynamic balance and associated movement 
during translational motion. The test consists of 14 items, with a 
maximum score of 28 points, with a higher test result, the greater 
the patient’s functionality.

Five-Times Sit-to-Stand Test

The Five-times sit-to-stand Test is a tool that quantifies the 
ability of patients suffering from diseases associated with balance 
problems, as in the case of PD, to perform transitional motions. In 
addition, it has been used as a measure of lower limb strength and 
to assess fall risk. Participants begin the test seated, and they are 
instructed to cross their arms and come to a full standing position 
before sitting again. The time for the patient to stand and sit five 
times is recorded.

Timed “Up & Go” Test

The Timed “Up & Go” (TUG) test consists of observing and 
timing the patient as he gets up from an armchair, walking for 3 
meters, turns, and returns and sits down again. It has been used to 
measure balance and fall risk in PD patients [19].

360-degree Turn Test

This test measures dynamic balance in the bipedal. In this 
test, the number of steps and the time that it takes the patient to 
make a complete 360-degree turn [20].

Balance and Postural Stability (CTSIB)

The Clinical Test of Sensory Interaction & Balance (CTSIB) 
systematically measures the influence of visual, vestibular, and 
somatosensory input on bipedal balance. Specifically, this test 
measures the bipedal balance for 30 seconds in four different 
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conditions that are classified as firm surface with eyes open 
(Condition #1), firm surface with eyes closed (Condition #2), 
unstable surface with eyes open (Condition #3), and unstable 
surface with eyes closed (Condition #4) [20]. Path length reflects 
balance, with lower path length indicating greater balance. 
Velocity indicates the ability to control directional displacement of 
the center of gravity, with lower velocity indicating greater ability. 
The Limits of Stability test uses the force platform to accurately 
measure the individual’s ability to reach their limits of stability 
[20]. The Limits of Stability test assesses the displacement of center 
of gravity in the forward, backward, left, and right directions. This 
test also measures the time it takes to reach each target and the 
percentage of targets attained. Lower times reflect quicker and 
more efficient attainment of targets. Higher percentages in each 
of the eight stability domains and the total stability score indicate 
greater stability, nearing the normative percentage.

Supplementary Results

PASC characterization isolated from lipoaspirate material of 
5 different donors

As we specified in the PASC preparation, we utilized a pool 
of PASCs obtained from 5 different donors with a similar number 
of cells per donor. After 5 days in culture,  PASCs formed tightly 
packed clusters with an  approximate diameter of 50–150 µm, 
expressing the pluripotent stem cell markers SSEA-4 (red) and 
OCT4 (green) detected by immunofluorescence (Supplemental 
Figure 1A). FACS analysis using PI showed that the percentage 
of death in the 5 PASC donors were between 2-5% after 
preparation (Supplemental Figure 1B). PASCs cultured for 10 
days demonstrated integrity of 23 pairs of chromosomes indicating 
normal karyotype from each patient donor (Supplemental Figure 
1C). FACS in PASCs in culture did not show teratogenic activity 
determined by ALDH production (Supplemental Figure 1D) 
in contrast to the negative and positive control of the assay, 
Supplemental Figure 1D-i)  and 1D-ii), respectively. 

CTSIB 

Path Length & Velocity 

Lower path length reflects better balance. Condition #1 path 
length increased minimally from 19.25 cm at baseline to 20.95 
cm at 16 months. Condition #2 path length demonstrated a slight 
increase in scores, from 28.85 cm at baseline and 32 cm at 16 
months. Path length in Conditions #3 and #4 at baseline and #4 at 
the 16 months could not be obtained, since the subject was unable 
to complete the test, requiring assistance to not fall. Evaluation at 
3 months demonstrated the lowest path length for Condition #3 
(53.34 cm), which measured 83.39 cm at 10 months, and 78.49 cm 
at 16 months. Condition #4 could only be compared at 3 months 
(165.07 cm) and 16 months (169.64 cm), with no significant 
changes between these two evaluations (See Figure 1 B, D, F, 
H). Lower velocity reflects a greater ability to control directional 
displacement of the Center of gravity. As conditions increase in 
difficulty from #1 to #4, average velocity typically increases, 
reflecting the increased challenge to maintain balance with eyes 
closed and/or on unstable surfaces. Average velocity scores for 
Condition #1 slightly increased from baseline (0.63 cm/s) to 16 
months (0.71 cm/s). A similar increase in time occurred in the 
velocity scores for Condition #2 (0.91 cm/s at baseline, 1.07cm/s 
at 16 months) (See Figure 1 B, D, F, H). 

Limits of Stability

In the baseline evaluation (0 months), the subject was unable 
to attain 4 of the 8 total conditions. The test was administered 
using 6 degrees of variation from the Center, which made this 
test harder to achieve making the targets two degrees longer 
from the Center of gravity compared to four degrees used in the 
following three evaluation times. The subject’s total stability score 
was 12%, and the total time to reach the targets was 9:58.78. At 
3 months, the subject was able to complete all 8 conditions with 
a total stability score of 23% in a time of 2:51.53. At 10 months, 
the subject needed a total of 5:04.65 to achieve an overall score of 
20%. The evaluation at 16 months was completed in a total time 
of 3:17.55, and the subject achieved his highest overall stability 
score, with a score of 28%. This score was the highest score of all 
four evaluations, increasing from a baseline score of 12% to the 
current 28%. His time at 16 months also improved from baseline 
by 6 minutes and 41 seconds (Supplemental Figure 2).
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Supplemental Figure 1: PASC characterization isolated from lipoaspirate material of 5 different donors. (A) Floating of Individual 
and Cluster of PASCs in culture, i) Bright-field image of individual PASCs (1 day in culture), ii) Immunostaining of individual PASCs 
recognized by the pluripotent stem markers SSEA-4 (red) and OCT4 (green) (1 day in culture), and iii) immunostaining of PASC 
forming clusters recognized by the pluripotent stem markers SSEA-4 (red) and OCT4 (green) (10 days in culture); (B) Quantification 
and viability of PASCs using PI by FASCs, C) Normal karyotype assay in PASCs obtained from 5 different donors indicate by the 
integrity of 23 pairs of chromosomes, (D) Non-teratogenesis of PASCs in the 5 different donors indicated by low ALDH levels using the 
teratogenesis assay ALDEFLUOR kit, (i) Negative control using specific inhibitor for ALDH production (diethylaminobenzaldehyde, 
DEAB), and ii) Positive control, A549 human lung carcinoma cells. Abbreviation: PASCs pluripotent adipose stem cells; SSEA, stage-
specific embryonic antigen; FACS flow cytometry; PI propidium iodide. 
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Supplemental Figure 2: Limits of Stability. This image depicts lines originating from the center, moving towards the outer circles, 
and back to the center, reflecting the patient’s micro-movements to achieve the targets. An increase in the zig-zag shape of the lines 
represents a less efficient movement strategy used to reach the targets. Limits of stability at (A) baseline (0 months), (B) 3 months, (C) 
10 months, and (D) 16 months.
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