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Abstract

Background
Adipose-derived human mesenchymal stem cells (hADSCs) transplantation has recently emerged as a
promising method in the treatment of Parkinson's disease (PD), however, the mechanism underlying has
not been fully illustrated.

Methods
In this study, the therapeutic effects of the striatum stereotaxic injected hADSCs in 6-OHDA-induced
mouse model were evaluated. Furthermore, an in vitro model of PD was constructed using tissue-
organized brain slices. And the therapeutic effect was evaluated by co-culture of hADSCs and 6-OHDA-
constructed brain slice. Within the analysis of hADSCs' exocrine proteins through RNA-seq, Human
protein cytokine arrays and label-free quantitative proteomics, key extracellular factors were identi�ed in
hADSCs secretion environment.The degeneration of DA neurons and apoptosis were measured in PD
samples in vivo and vitro models, and the bene�cial effects were evaluated through quantitative reverse
transcription polymerase chain reaction (qRT-PCR), western blot,Fluoro-Jade C, Tunel assay and
immuno�uorescence analysis.

Results
In this study, we discovered that hADSCs protected the dopaminergic (DA) neurons in vivo and vitro
models.we identi�ed Pentraxin3 (PTX3) as a key extracellular factor in hADSCs secretion environment.
Moreover, we found that human recombinant Pentraxin3 (rhPTX3) treatment could rescue the
physiological behaviour of the PD mice in-vivo, as well as prevent DA neurons from death and increase
the neuronal terminals in the Ventral tegmental area (VTA) + substantia nigra pars compacta (SNc) and
striatum (STR) on the PD brain slices in-vitro. Furthermore, within testing on the pro-apoptotic markers of
PD mice brain following the treatment of rhPTX3, we found that rhPTX3 can prevent the apoptosis and
the degeneration of DA neurons.

Conclusions
Overall, the current study investigated that PTX3, a hADSCs secreted protein, played a potential role in
protecting the DA neurons from apoptosis and degeneration in PD progression as well as improving the
motor performances in PD mice to give a possible mechanism of how hADSCs works in the cell
replacement therapy in PD. Importantly, our study also provided potential translational implications for
the development of PTX3-based therapeutics in PD.
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Introduction
PD is the second most frequent neurodegenerative disorder that occurs in approximately 1% of the
population over the age of 60 [1]. It’s primarily characterized by a massive loss of DA neurons in the VTA 
+ SNc and the consequent de�cit in DA release in the STR2. However, treatment with L-dopa or DA
agonists could just recover the symptoms slightly, even worse these are symptomatic treatments with
considerable side effects and their effectiveness diminishes with time [2–4].

In recent years, mesenchymal stem cells (MSCs) transplantation have become a potential therapy for PD
[5, 6]. Studies show that hADSCs had become hotspots for regeneration research due to their convenient
materials and abundant sources [7–9]. It also had immune properties and the ability to induce
differentiation into fat, osteoblasts, and neural-like cells [10, 11]. It is reported that MSCs could induce
local repair mechanisms through the release of paracrine factors and inducing changes in the
microenvironment [12]. Some previous studies had found that transplanting undifferentiated
mesenchymal stem cells into a 6-OHDA induced PD mouse model could restore DA pathway [13–15]. It’s
recently reported that hADSCs-conditioned medium (hADSCs-CM) could restore H2O2-induced toxic SH-
SY5Yd cells to normal axon morphology [16]. However, whether hADSCs could protect DA neurons by
secreting cytokines still needs to be further explored.

PTX3 belongs to the pentraxin family and is a typical acute phase protein [17]. Studies had reported that
PTX3 played an important role in acute in�ammation and could also inhibit cell apoptosis [18, 19]. In
recent years, it’s reported that PTX3 secreted by bone marrow mesenchymal stem cells (MSCs) could
promote wound healing through �brin remodeling [20]. At the same time, some studies showed that PTX3
secreted by human umbilical cord blood mesenchymal stem cells (hUCB-MSCs) promotes functional
recovery, vascular remodeling and nerve regeneration in stroke rat models [21, 22]. Both clinical and
laboratory studies have found that in some chronic central nervous system diseases, such as Parkinson’s
disease and Alzheimer’s disease, there was increased expression of PTX3 [23, 24]. For now, PTX3 was
involved in a variety of pathological processes such as central nervous system diseases, especially its
role in clinical practice is getting more and more attention, but its mechanism of action is not yet fully
understood.

Apoptosis as one of the pathogenesis of PD [25]. A large number of in-vivo and in-vitro experiments have
con�rmed the activation of caspase during the apoptosis process induced by 6-OHDA [26]. In-vitro
experiments con�rmed that 6-OHDA could be selectively absorbed by DA neurons, and activated caspase
to cause a cascade reaction and promote cell apoptosis [27, 28]. Regarding the signal transduction
system in the process of apoptosis, it is currently believed that the main pathways are membrane
receptor pathways and mitochondrial pathways [29]. Both pathways activate the caspase cascade and
ultimately lead to cell death. Studies have shown that FADD is involved in the pathogenesis of DA neuron
apoptosis in Parkinson's disease, and it is speculated that the death receptor signal transduction pathway
mediated by FADD is one of the pathogenesis of Parkinson's disease [30].
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In current study, we not only con�rmed that hADSCs had a protective effect on PD mice models, but also
veri�ed that hADSCs do have neuroprotective effects through the in-vitro model which co-cultureing the
hADSCs and PD tissue organotypic brain slices. Subsequently, through RNA-seq, Human protein cytokine
arrays and label-free quantitative proteomics, we found that PTX3 secreted by hADSCs plays an
important role in the protection of dopaminergic neurons. Moreover, we established that topical
application of PTX3 protected DA neuronal via inhibiting apoptosis pathway.

Materials And Methods

Animals
All experimental protocols were performed in accordance with guidelines issued by the committee on
animal research of Zhujiang Hospital of Southern Medical University and were approved by the
institutional ethics committee. C57BL/6 male mice were maintained in 12hour light/dark cycles in cages
and acclimated to the experimental environment for 1 week before modeling. All procedures were
reviewed and approved by the institutions animal care committee. We have made all efforts to minimize
the animal suffering.

6-Hydroxydopamine hydrobromide Lesioning
The PD model was induced by 6-OHDA lesion [31]. Following adequate anesthesia, animals were secured
onto a stereotactic frame(RWD,68001,China). A solution of 6-OHDA (Sigma-Aldrich, 3ul, 5 mg/ml in
sterilized saline containing 0.02% ascorbic acid) was injected into the right SNc via microliter syringe at
an infusion rate of 0.5 ul/minute by Hamilton syringe & back pump (RWD) for a total dose of 15ug at
coordinates anteroposterior (AP), -3mm; mediolateral (ML), + 1.3 mm; dorsoventral (DV), -4.7mm relative
to bregma. Following a wait of 5 minutes, the needle was withdrawn slowly.

Transplantation of hADSCs
hADSCs in suspension (phosphate-buffered saline,PBS) were implanted at the striatumstereotaxic
coordinates(AP, + 0.9mm, ML, + 2.2mm, DV, -2.8mm). A total of 1 X 105 cells were injected per point in a
volume of 5uL with a 5uL Hamilton syringe (1.5 ul/min).

Labeling hADSCs with CM-Dil
hADSCs(1×105/well) were incubated into 6-well plates 24 hours, the cell membrane were stained with DiI
(MedChemExpress, USA) for 10 min. Then, hADSCs were changed the medium.

Organotypic brain slices cultures
Organotypic slice cultures were prepared according to the membrane interface method [32]. Brains were
removed from (3–4 weeks) mice. Sagittal nigrostriatal brain slices [33], 350um thick, were cut using a
Mcllwain tissue chopper (Microslicer™ DTK-1000N, Japan, Dosaka Company) Subsequently, four slices
were plated onto each 0.4um porous polytetra�uoroethylene (PTFE) membrane insert (TCS000012, JET
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Bio�l) placed in a 6-well plates �lled with 1 ml of slice culture media containing 50% HEPES-buffered
MEM (Gibco), 25% heat-inactivated horse serum (Gibco), 25% HBSS (Gibco), and 1 mM L-glutamine
(Gibco) at pH 7.4 and maintained in a cell-culture incubator at 37°C, 5% CO2. Media were exchanged 1
day after preparation and subsequently every 3–4 days.

PD models-organotypic brain slices co-culture with hADSCs
Organotypic brain slices were cultured with 6-OHDA (600nM; Fig.S3) for 1 hours, 1 x 105 hADSCs were
tiled in the lower ventricle of the small ventricle, and the 6-OHDA-induced brain slices were located in the
upper ventricle. They were cultured for 4 days with Serum-free medium (75% HEPES-buffered MEM
(Gibco), 25% HBSS (Gibco), and 1 mM L-glutamine (Gibco), and the medium was changed every 2 days.

These experiments were performed as described in Supplementary Materials and Methods.

RNA-seq analysis
Oligo(dT)-attached magnetic beads were used to puri�ed mRNA. Puri�ed mRNA was fragmented into
small pieces with fragment buffer at appropriate temperature. Then First-strand cDNA was generated
using random hexamer-primed reverse transcription, followed by a second-strand cDNA synthesis.
Afterwards, A-Tailing Mix and RNA Index Adapters were added by incubating to end repair. The cDNA
fragments obtained from previous step were ampli�ed by PCR, and products were puri�ed by Ampure XP
Beads, then dissolved in EB solution. The product was validated on the Agilent Technologies 2100
bioanalyzer for quality control. The double stranded PCR products from previous step were heated
denatured and circularized by the splint oligo sequence to get the �nal library. The single strand circle
DNA (ssCir DNA) was formatted as the �nal library. The �nal library was ampli�ed with phi29 to make
DNA nanoball (DNB) which had more than 300 copies of one molecular, DNBs were loaded into the
patterned nanoarray and single end 50 bases reads were generated on BGIseq500 platform.

RNA-seq data were deposited in the GEO database as GSE163176. For reviewer access, the following link
can be used to view the raw data: https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE163176.

Proteome Pro�ler TM Array
The cytokine pro�les of protein (200ug) from medium of single hADSCs group, 6-OHDA group and co-
hADSCs group were analyzed using Human XL Cytokine Array Kit and Cytokine Array Kit (R&D, ARY022B)
according to the manufacturer’s instructions. The detected signals were quanti�ed by pixel density
analysis.

LC-MS/MS Analysis
LC-MS/MS analysis was performed on a Q Exactive mass spectrometer (Thermo Scienti�c) that was
coupled to Easy nLC (Proxeon Biosystems, now Thermo Fisher Scienti�c) for 120 min. The mass
spectrometer was operated in positive ion mode. MS data was acquired using a data-dependent top 10
method dynamically choosing the most abundant precursor ions from the survey scan (300–1800 m/z)
for HCD fragmentation. Automatic gain control (AGC) target was set to 3e6, and maximum inject time to
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10 ms. Dynamic exclusion duration was 40.0s. Survey scans were acquired at a resolution of 70,000 at
m/z 200 and resolution for HCD spectra was set to 17,500 at m/z 200, and isolation width was 2 m/z.
Normalized collision energy was 30 eV and the under�ll ratio, which speci�es the minimum percentage of
the target value likely to be reached at maximum �ll time, was de�ned as 0.1%. The instrument was run
with peptide recognition mode enabled. The MS data were analyzed using MaxQuant software version
1.3.0.5 (Max Planck Institute of Biochemistry in Martinsried, Germany). The following parameters were
set (see Table 4S).

Brain slices Immuno�uorescence
Organotypic brain slices were washed in PBS and then �xed on their inserts in 4% paraformaldehyde for 1
h and stained [34]. Individual slice cultures were cut out from their membranes after �xation and then
treated as free�oating sections for the following steps. Slice cultures were permeabilized for 18h in 0.5%
Triton X-100 at 4°C and then blocked in 20% BSA (Sigma-Aldrich) for 4 h at room temperature (RT). Slice
cultures were then incubated with appropriate primary antibodies overnight at 4°C in 5% BSA, washed
and then incubated with �uorophore-coupled secondary antibodies for 4h at RT. Slice cultures were
washed a �nal time before mounting on slides with Fluoromount-G with DAPI (Thermo Fisher Scienti�c,
P36941) and then imaged by Multiphoton Laser Scanning Microscope (Olympus, FV1200MPE).

Statistical Analysis
Statistical analysis was performed using GraphPad Prism 8.0. Statistical signi�cance between means ± 
SEM was assessed using a one-way analysis of variance (ANOVA), two‐way ANOVA and Student's t test
for paired or unpaired data.Values of p ≤ 0.05 were considered statistically signi�cances.

See further details in the Supporting Information Materials and Methods.

Results
hADSCs transplantation improved motor performance and TH expression in the 6-OHDA-induced PD mice

Using the same method as previous described [31], 6-OHDA or vehicle (saline) was injected into the SNc
in situ of mice brain to get the 6-OHDA-induced PD mice model, as well as control mice cohort. APO
rotation experiment [35] was conducted after 1, 2, 3 weeks injection to select the PD mice. Mice with a
rotation frequency above 7r/min were selected as PD mice and were used in the following experiments
(video S1-S2). To evaluate the potential effects of hADSCs (Fig. 1S) on PD, hADSCs were transplanted in
situ into the striatum of PD mice brain and the behavioral tests were performed at the 4th, 5th, and 6th
weeks (Fig. 1a). We found that hADSCs grafted PD mice displayed faster moving velocity (F (2,12) = 
28.11, p < 0.0001) and further distance (F (2,13) = 19.50, P = 0.0001), while less sedentary resting time (F
(2,12) = 21.73, p = 0.0001) than the vehicle treated PD mice (Fig. 1b). Moreover, signi�cant reduction of
numbers in APO rotation experiments were observed in hADSCs grafted mice compared with the vehicle
treated PD mice (F (2,12) = 130.3, P < 0.0001, Fig. 1c & video S3). These data indicated that hADSCs could
improve the motor performances in the 6-OHDA-induced PD mice model.
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To further investigate the effective treatment of hADSCs transplantation on 6-OHDA-induced PD mice,
brain tissues were harvested at the end of the 6th week when the behavioral tests were completed. Then,
western blot and immunohistochemistry were conducted on brain tissues and brain slices respectively.
Western blot showed that hADSCs transplantation increased the expression of TH protein, a major marker
of dopaminergic (DA) neurons, in the STR nucleus and the VTA + SNc (for STR: F (2,17) = 20.46, P < 
0.0001; for VTA + SNc:F(2,6) = 16.09, P = 0.0039; Fig. 1d,e). Consistent with the observation in western
blot, histological analyses showed that hADSCs treatment increased the percentage of TH-positive
densitometry in STR on 6-OHDA-induced PD mice (6-OHDA-inuced PD mice without hADSCs
transplantation: 8.7% ± 9.2%, with hADSCs transplantation: 48.15% ± 9.57%, F (2, 9) = 109.6, p < 0.0001,
Fig. 1f). Subsequently, using densitometry analysis, we found that hADSCs transplantation could also
increase the TH-positive �bers in VTA and SNc nucleus on 6-OHDA-induced PD mice (F (2, 6) = 73.98, p < 
0.0001, Fig. 1g).

hADSCs protected the dopaminergic systems of 6-OHDA-damaged brain slices with an indirect manner

To further explore the origin of rejuvenated DA �bers around the grafts, we used Celltracker CM-Dil
(located in the cell membrane and cytoplasm) to label hADSCs followed by the previous transplantation
procedures. At 3rd week, brain tissues were harvested for sagittal immuno�uorescence staining. We
found that CM-Dil-labeled hADSCs were distributed in STR region of brain tissue, where these hADSCs
were transplanted in situ of mice brain, while were not observed in the SNc region (Fig. 2a). These
observations showing that grafted hADSCs didn’t transfer from STR to SNc region. Moreover, TH staining
neurons showed no co-localization with CM-Dil-labeled hADSCs and revealed that hADSCs didn’t
differentiate into DA neurons. These data showing that hADSCs protect DA neurons through an indirect
manner, while not by transferring to SNc or differentiate into DA neurons.

Next, we evaluated the protective effects of hADSCs on DA neurons via hADSCs co-cultured with PD
models-organic brain slices in vitro. Organotypic slice cultures were prepared according to the membrane
interface method as previous described [32]. In current study, we harvested the brains from young mice,
and cut 350um thick sagittal black striatal brain slices with Tissue Culture Plate Insert and placed four
slices on the membrane insert. Brain slices were allowed to recover for 7 days from cutting trauma
(Fig.S2). On day 8, brain slices were exposed to combined 6-OHDA (600nM; Fig.S3) for 1h, followed by 1
x 105 hADSCs co-cultureing procedure with serum-free medium for 4 days (Fig. 2b). Subsequently,
western blot was conducted to analysis the TH expression on brain slices of hADSCs co-cultured 6-OHDA
damaged brain slices and we found that hADSCs effectively prevent the 6-OHDA induced TH annihilate (F
(2, 9) = 69.38, p < 0.0001, Fig. 2c). Moreover, 6-OHDA damaged brain slices secrected extracelluar Lactate
dehydrogenase (LDH) in culture medium was also tested with LDH assay, and we observed that hADSCs
could markedly decrease the LDH release (F (6, 28) = 23.58, p < 0.0001, Fig. 2d). These data indicated that
hADSCs could protect the dopaminergic neurons from damage which caused by 6-OHDA in an indirect
manner.

Pentraxin 3 was a potential hADSCs secrected protective molecule on DA neurons in PD models.
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As hADSCs showed protective effects on PD models both in-vitro and in-vivo through an indirect way, we
hypothesized that hADSCs may protect the 6-OHDA damaged brain slices through secrecting extracullar
cytokines. To further explore the extracellular mechanism of how hADSCs protected the DA neurons on 6-
OHDA-treated brain slices, ater 4 days co-cultivation of hADSCs and 6-OHDA-treated brain slice (Fig. 3a),
we collected the hADSCs for RNA-seq high-throughput sequencing and RT-qPCR. Hierarchical clustering
heat map showed RNA-seq high-throughput sequencing results of distinct gene expression patterns in
hADSCs and hADSCs which co-cultured with brain slices (p < 0.05, Fig. 3b). Co-cultureing with 6-OHDA-
treated brain slices lead to 1577 mRNAs appeared differential expression including 276 upregulated and
1301 downregulated (Table. S1). Meanwhile, we collected the conditioned media from hADSCs single
culturing group and hADSCs cultured with 6-OHDA-treated brain slice group, as well as 6-OHDA-treated
brain slice single culturing group. These conditioned media were then applied to human cytokine array
and label-free quantitative proteomics. Human protein cytokine arrays showed that cytokines appeared to
a difference between hADSCs cultured conditioned media, 6-OHDA-treated brain slices cultured
conditional media and the conditioned media of hADSCs co-cultured with 6-OHDA-treated brain slices
(Fig. 3c, Table. S2). In label-free quantitative proteomics, a total of 153 proteins with signi�cant
differences were identi�ed (Table. S3). Screening of differentially expressed proteins according to the
standard of expression fold change of more than 2.0 times (up-regulation greater than 2.0-fold or down-
regulation less than 0.5-fold), a total of 153 differential proteins were selected as target cytokines
(Fig. 3d). The results of RNA-seq high-throughput sequencing and Human protein cytokine arrays as well
as label-free quantitative proteomics were subsequently subjected to Venn intersection and we found that
PTX3 was the exclusive protein which showed remarkable difference in all three tests and analysis
(Fig. 3e). The following RT-qPCR showed that the mRNA level of PTX3 in the hADSCs co-cultured 6-OHDA-
treated brain slices group was higher than the hADSCs single culturing group (p < 0.05, Fig. 3f). Therefore,
these data suggested that PTX3 which secreted by hADSCs may play an important role in the hADSCs
transplantation therapy on 6-OHDA-induced PD mice model.

PTX3 treatment mimicked the effect of hADSCs transplantation to improve the motor performances on 6-
OHDA-induced PD mice

Successful PD mice model were selected as previous descried and were used in following experiments
(Fig. 4a). To evaluate the potential effects of PTX3 on Parkinson’s disease, 1 x 105 hADSCs (n = 7), 1 x
105 si-PTX3 (n = 7, hADSCs with PTX3 knockdown), equal volumes of rhPTX3 (4ul, 0.50 mg/ml, n = 7, Fig.
S4) or vehicle (saline) (4ul, n = 7) were injected in situ into the right striatum of PD mice, open �eld
experiment (Fig. 4b) showed that hADSCs, si-PTX3 and rhPTX3(2000ng/ml, Fig. S5) treatment improved
the motor performances on 6-OHDA-induced PD mice. Both hADSCs, si-PTX3 and rhPTX3 treatment
groups showed further moving distance (F (4, 13) = 12.71, p = 0.0002, Fig. 4c), faster moving velocity (F
(4, 13) = 12.70, P = 0.0002, Fig. 4d) and less resting time (F (4, 14) = 25.25, p < 0.0001, Fig. 4e) when
compared with vehicle treatment group on 6-OHDA-induced PD mice. Consisted with what were observed
in open �eld experiments, APO rotation test showed that both si-PTX3 and rhPTX3 could decrease the
rotation frequency on PD mice. Importantly, APO rotation test also showed that si-PTX3 blunted the
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behavioral improvement effects of hADSCs on PD mice. Moreover, rhPTX3 administration decreased
rotations showing a effect similar to those in the hADSCs grafted mice (F (4, 16) = 37.37, p < 0.0001,
Fig. 4f, vedio 4S-5S). These data indicated that the transplantation of hADSCs had a neuroprotective
effect in the 6-OHDA-induced mouse model, part of the effect was attributed to PTX3 secreted by
hADSCs.

PTX3 treatment mimics the effects of hADSCs transplantation to improve TH expression in vivo and in
vitro

By the end of behavioral test, mice were anesthetized and �xed with formaldehyde perfusion, and then
the brain tissues of VTA + SNc and STR regions were harvested to immuno�uorescence staining for TH.
Mice with 6-OHDA administration in the right side showed that there was a remarkable loss of dopamine-
containing STR and VTA + SNc neurons at the right side, while 3 weeks after hADSCs were injected into 6-
OHDA-induced mice, TH-positive neurons increased signi�cantly. Moreover, rhPTX3 (2000ng/ml, Fig. S5)
administration increased TH-positive cells showing a effect similar to those in the hADSCs grafted mice.
What’s more, si-PTX3 were injected into 6-OHDA-induced mice, the density of TH positive cells wwas less
pronounced than that in the hADSCs group (Fig. 5a-d). These results indicated that PTX3 could mimic the
effects of hADSCs on protecting dopaminergic neurons from 6-OHDA neurotoxicity in mice.

PD brain slices are prepared as described above,1 x 105 hADSCs (n = 7), 1 x 105 si-PTX3 (n = 7), equal
volumes of rhPTX3 (1000ng, n = 7, Fig. S6) or vehicle(saline) (n = 7) were co-culturing procedure with
serum-free medium for 4 days. Then, we performed brain slice immuno�uorescence, western blot and
LDH test. The data indicated that the same tendency wwas observed in immuno�uorescent staining,
western blot and LDH test in vitro (F (4, 20) = 46.81, P < 0.0001, Fig. 5e-h, Immuno�uorescence video-S).
The above results indicated that PTX3 secreted by hADSCs has a protective effect on DA neurons.

PTX3 protected DA neuron through inhibition of apoptotic death-inducing signal complex

Next, we sought to investigate the underlying mechanism of PTX3-mediated neuroprotection effects in
parkinson's disease. As apoptosis is one of the most important pathogenesis of PD, we hypothesised that
PTX3 may protect DA neurons by inhibiting the apoptotic pathway. To further con�rm this, another
individual experiments were conducted and the VTA + SNc regions of brains from saline treated with
vehicle mice, saline treated in 6-OHDA-induced PD mice, hADSCs transplanted in 6-OHDA-induced PD
mice, siPTX3 transplanted in 6-OHDA-induced PD mice and rhPTX3 treated in 6-OHDA-induced PD mice,
were harvested for Fluoro-Jade C staining(for the severity of neuronal degeneration), Terminal
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) and TH dual immuno�uorescence
staining(for apoptosis). We found that the number of Fluoro-Jade C positive cells in VTA + SNc regions of
6-OHDA-induced PD mice injected saline was higher than 6-OHDA-induced PD mice treated with hADSCs,
but its’ effect was in part reversed by si-PTX3. More interestingly, there was a similar effect in rhPTX3
injected PD mice to hADSCs-treated PD mice (Fig. 6a). Finally, the same trend could be also obtained in
the results of TH and TUNEL co-staining (Fig. 6b).
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Since PTX3 is also called tumor necrosis factor (TNF)-inducible gene 14 protein (TSG-14). The TNF
family is closely related to exogenous apoptosis. Therefore, we speculated whether PTX3 exerted DA
neuron protection by inhibiting the exogenous apoptosis pathway. RT-qPCR and western blot were used to
test the changes of exogenous apoptosis related genes and proteins with saline transplanted vehicle
mice, saline transplanted 6-OHDA-induced PD mice, hADSCs transplanted 6-OHDA-induced PD mice,
rhPTX3 treated 6-OHDA-induced PD mice. RT-qPCR analysis showed that 6-OHDA treatment increased the
mRNA level of caspase3 (F (4, 17) = 13.47, P < 0.0001), caspase8 (F (4, 18) = 17.52, P < 0.0001), FADD (F
(4, 18) = 20.51, P = 0.0001) and TRADD (F (4, 16) = 32.71, P < 0.0001), where were decreased in hADSCs-
treated mice, siPTX3-treated mice, rhPTX3-treated mice. Howerver, si-PTX3-treated could decreased the
effect partly, while rhPTX3-injected group having similar inhibitory apoptosic effect as hADSCs-treated
group (Fig. 6c). Western blots showed lower expression of apoptotic genes levels in hADSCs-injected
mice than in 6-OHDA-injected mice, but these genes were not lower in the si-PTX3 group than in the
hADSCs group, which had the lowest among the 3 groups. Although rhPTX3 group was also lower than 6-
OHDA group, while rhPTX3 group, while the decrease in rhPTX3 group was not as obvious as that in
hADSCs group (Fig. 6d).

Finally, after 4 days co-culturvation, collecting brain slices, q-PCR and western blot were also conduceted,
and we could �nd the trend was the same as in vivo model (Fig. 6e,f). Since DISC (death-inducing signal
complex) composed of TRADD/FADD/caspase8 induced a downstream cascade reaction. Thus, the
above data indicated that PTX3 could protect dopaminergic neurons by inhibiting exogenous apoptosis
similar to hADSCs.

Discussion
Parkinson’s disease (PD) is a progressive disease characterized by a massive loss of DA neurons in the
substantia nigra pars compacta (SNc) and the consequent de�cit in DA release in the striatum (STR) [2].
The symptoms of Parkinson's patients are mildly restored after treatment with levodopa or DA agonists.
These are symptomatic treatments with considerable side effects, and their effectiveness will decrease
over time [3, 4]. Cell-based therapies for PD have been studied for more than 30 years using various MSCs
types [5]. In previous studies, hADSCs transplantation therapies may effectively restore and replace DA
neurons in PD mice [14]. However, the molecular mechanism of hADSCs transplantation to treat
Parkinson's disease is still unclear. Our study deepens the understanding of the paracrine mechanisms of
hADSCs in the treatement of parkinsons' disease.

hADSCs transplantation has a protective effect on DA neurons which damaged by 6-OHDA

Many studies in PD animal models have veri�ed that MSCs have the capacity to protect damaged DA
neurons [36]. In our study, hADSCs transplantation were shown to improve behavioral symptoms and
exert neuroprotective effects against nigrostriatal degeneration in 6-OHDA lesioned mice. Thus, the above
data in current study clari�ed that hADSCs had neuroprotective effects on DA neurons and improve the
motor performances in PD mice. What’s more, we transplanted hADSCs with CM-Dil according to the
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previous procedure. The data of immuno�uorescence staining for TH showed that hADSCs with CM-Dil
were basically located in the STR at the 5th week, and the TH positive staining in the SNc and STR
regions increased signi�cantly, but we did not observe direct differentiation of hADSCs into functional
neurons. In support of our �ndings, previous studies suggested that ADSCs had neuroprotective effects
on DA neurons damaged by 6-OHDA, and they speculated that this was achieved by secreting nutritional
factors [37]. Therefore, we hypothesized that hADSCs may protect dopaminergic neurons via secreting
paracrine pathway.

hADSCs may protect DA neurons through paracrine PTX3

Organotypic cultures have great potential for disease modeling providing an ideal platform between in
vitro and in vivo [32, 34]. They were easy to prepare and culture, while importantly, when sectioned
appropriately, they retain the architecture and microenvironment of the original organ. Using this model,
we not only evaluated the therapeutic effect of the treatment but also revealed stem cell responses and
the role in the microenvironment. In this study, 6-OHDA-induced brain slices were used as vitro PD model,
then co-cultured PD brain slices with hADSCs in a serum-free medium for 4 days. And we found that
hADSCs increased TH expression of 6-OHDA-induced brain slices, and decreased the release of LDH.
These results further suggested that hADSCs may protect DAergic neurons via paracrine.

It is reported that proteomics and genomics could comprehensively describe the state and dynamic
changes of speci�c tissues or cell lines, thereby being able to identify key molecules and pathways
involved in a variety of physiological and pathological processes [38]. The development of protein
spectrum label free had greatly improved the sensitivity and �delity of proteomics analysis, and promoted
the application of proteomics methods in neuroscience [39]. Thus, we performed RNA-seq sequencing on
the co-cultured hADSCs to screen out differentially expressed genes to further explore the mechanism of
hADSCs protecting DA neurons damaged by 6-OHDA. Subsequently, we collected the supernatant after 4
days of co-cultivation, perform protein pro�le label-free quantitative proteomics and human cytokine
array to screen out the different cytokines. Finally, the above high-throughput sequencing results after
Venn intersection,we could found that hADSCs could signi�cantly increase the secretion of PTX3 in a co-
culture environment.

The protective effect of rhPTX3 on PD was similar to hADSCs

PTX3 is also called tumor necrosis factor (TNF)-inducible gene 14 protein (TSG-14) and belonged to the
acute-phase protein superfamily which included C-reactive protein (CRP) and serum amyloid P-
component (SAP) [18]. Thus, we speculated that PTX3 secreted by hADSCs can protect DA neurons. In
this study, we showed that rhPTX3 restored DA neurons in a vivo model and in a vitro model, and
improved the behavior symptoms of 6-OHDA-induced mice. Supporting this �nding, it was reported that
PTX3 could target to promote long-term neurovascular repair, and protect neurons after ischemic stroke
and other possible cerebral ischemic damage [21]. In the MCAO model,compared with wt mice, PTX3 KO
mice have signi�cantly increased neuronal damage and reduced blood vessel diameters [22]. This was
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consistent with what we had observed. Therefore, the data suggested that rhPTX3 was similar to hADSCs
in protecting DA neurons and improving the behavioral symptoms of PD mice.

The effect of hADSCs transplantation in the treatment of PD is partly attributed to PTX3

In addition, PTX3 was proven to have a repairing effect on skin wounds Claudia and colleagues found
that compared with wt MSC, PTX3(-/-) MSC delayed wound closure and reduced granulation tissue
formation [20]. Our data suggested hADSCs transfected with siPTX3 could ameliorate behavioral
symptoms and improve the number of TH possitive cells. However, the effects in the siPTX3 group were
not as obvious as in the hADSCs group. Furthermore, we also got a consistent trend in 6-OHDA-induced
brain slice model. In this study, we could �nd siPTX3 still had a therapeutic effect, suggesting that PTX3
was not the only factor or pathway of hADSCs’ action. Thus, these data indicated that the therapeutic
bene�ts of hADSCs in PD could be attributed, at least in part, to the induction of PTX3 secreted by
hADSCs.

Anti-apoptotic effects of PTX3

Growing evidences suggested the role of apoptosis in the pathogenesis of PD [25]. 6-OHDA neurotoxicity
caused DA neurons death and activated apoptosis in both cultured brain slices and the PD mice at both
gene and protein levels [26]. As is known to all, PTX3 not only played an important role in acute
in�ammation, but also inhibitted cell apoptosis. Our data suggested that hADSCs signi�cantly decreased
tunel apoptosis-positive DA neurons and FJC-positive neurons, and interestingly, rhPTX3 could also have
a similar effect to hADSCs. Furthermore, we found that hADSCs downstrated the expression of FADD,
TRADD, caspase-8 and caspase-3 at gene and protein levels. In our study, we found that rhPTX3 could
also reduce the expressions the above apoptisic genes. The activation of caspase proteases is known to
constitute a central step in the apoptotic process. Upon activation of exogenous apoptosis, TRADD/FADD
activated caspase-8, which in turn induced a cascade reaction to trigger caspase3, and �nally induced
cell apoptosis.

Although siPTX3 group also had anti-apoptotic effects which is similar to hADSCs, the effect was intact
and not as valid as hADSCs. Accordingly, the remaining therapeutic effect on siPTX3 group suggested
that PTX3 was not the only factor or pathway of hADSCs’ function. Moreover, the function of rhPTX3 to
inhibit the expression of exogenous apoptosis genes was similar to hADSCs.

In this study, we demonstrated the neuroprotective function of hADSCs secreted PTX3 on PD mice,
indicating that the protective effect of hADSCs on DA neurons was partly due to the secretion of PTX3
(Fig. 6g. In addition, rhPTX3 alone is su�cent to inhibit the apoptosis of DA neurons, and protect the
nerves as well as improve the behavioral symptoms of PD mice. In this process, our work showed the
potential of PTX3 in the treatment of Parkinson's disease and provid a new idea for cell-based treatments.
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 APO rotation: Apomorphine rotation;
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TH(+): Tyrosine Hydroxylase (positive);
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Figure 1

hADSCs transplantation improved motor performance and TH expression in the 6-OHDA-induced PD
mice. a.Scheme of experimental design and work�ow; b.Open �eld experiment: total distance moved
moving velocity and resting times in 10 min at 4th, 5th, and 6th weeks; c.Side-biased rotational behavior
in the APO-induced rotation test was observed at 4th, 5th, and 6th weeks; d,e.Representative Western
blots of TH were presented in SNc and STR, with results after quanti�cation, all the ratios were then
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normalized with the ratio of vehicle group; f,g. Immunohistochemistry staining was performed to the
protein-expression of TH(mice number in each group is equal or above 7, *p <0.05, **p<0.001,
***p<0.0005,****p<0.0001, versus vehicle group, #p<0.05, ##p<0.001, ###p<0.0005,####p<0.0001,
versus 6-OHDA group).

Figure 2
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hADSCs protected the dopaminergic systems of 6-OHDA-damaged brain slices with an indirect manner a.
hADSCs were located in STR while not in SNc after 3 weeks transplantation (Green: TH, Blue: DAPI, Red:
Dil-positive-hADSCs); b. 6-OHDA-induced brain slices co-culturing with hADSCs procedure; c. The
expression of TH was analysised by Western blot in vitro; d. The cell LDH activity in the culture medium
was analysed in vitro (scale bars=100um, mice number in each group is equal or above 7, ***p<0.0005,
versus vehicle group, ##p<0.001, ###p<0.0005, versus 6-OHDA group).

Figure 3
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Pentraxin 3 is a potential hADSCs secrected protective molecule on in PD DA neuron models repair. a.
High-throughput sequencing sample collection procedure; b. Heatmap showing the genes upregulated
and downregulated (|logFC|>1) in hADSCs with or without co-culturing with 6-OHDA-treated brain slices
(n=3, p<0.05); c. Conditioned media from hADSCs single culturing group, 6-OHDA-treated brain slices
single culturing group and hADSCs co-cultured with 6-OHDA-treated brain slices group were measured by
human cytokine array; d. Conditioned media from different groups were measured by label-free
quantitative proteomics; e. RNA-seq high-throughput sequencing, Human protein cytokine arrays as well
as label-free quantitative proteomics were appled to Venn intersection; f. PTX3 mRNA expression levels in
hADSCs from different groups were analyzed by RT-qPCR (*p<0.05).

Figure 4
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PTX3 treatment mimics the effects of hADSCs transplantation to improve the motor performances in the
6-OHDA-induced PD mice. a. Scheme of experimental design and work�ow; b-e. At 5 weeks, open �eld
experiment(b), total distance moved (c), velocity (d) and resting times (e) in 10 min; F. Side-biased
rotational behavior in the APO-induced rotation test was observed from 5 weeks. (mice number in each
group is equal or above 7, **p<0.001, ***p<0.0005, versus vehicle group, ##p<0.001, ###p<0.0005, versus
6-OHDA group)

Figure 5

PTX3 treatment mimics the effects of hADSCs transplantation to improved TH expression in vivo and in
vitro. At 3 weeks after saline transplanted vehicle mice, saline transplanted in 6-OHDA-induced PD mice,
hADSCs transplanted in 6-OHDA-induced PD mice, siPTX3 transplanted in 6-OHDA-induced PD mice and
rhPTX3 to treat 6-OHDA-induced PD mice, a,b. Immuno�uorescent staining for TH in the VTA+SNc and
STR;c. Quanti�cation of TH-positive cells on VTA+SNc regions(scale bars=100um); d. At the STR level,
the quanti�cation of TH staining; After 4 days of co-cultivation, 6-OHDA-induced brain slices co-cultured
with hADSCs, 6-OHDA-induced brain slices co-cultured with si-PTX3, 6-OHDA-induced brain slices treated
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with rhPTX3 and treated with saline Of 6-OHDA-induced brain slices; e, g. brain slice immuno�uorescence
detection to observe the VTA+SNc and STR regions ( video-S6-15, z = 350um, scale bars=50um, mice
number in each group is equal or above 7); f. We performed western blot to assess TH protein expression
level; h. The cell LDH activity in the culture medium was analysed, performing LDH test to evaluate the
activity of brain slice cell (mice number in each group is equal or above 7, ****p<0.0001, versus vehicle
group,#p<0.05, ##p<0.001, ###p<0.0005, ####p<0.0001, versus 6-OHDA group).

Figure 6
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Pentraxin 3 protected DA neuron through inhibition of apoptotic death-inducing signal complex. At 3
weeks after saline transplanted vehicle mice, saline transplanted in 6-OHDA-induced PD mice, hADSCs
transplanted in 6-OHDA-induced PD mice, siPTX3 transplanted in 6-OHDA-induced PD mice and rhPTX3
to treat 6-OHDA-induced PD mice, a. Representative images of Fluoro-Jade-C (green)staining in the
VTA+SNc (scale bars=50um, mice number in each group is equal or above 7); b. Representative images
of terminal deoxynucleotidyl transferase dUTP nick end labeling in the VTA+SN (TUNEL, red; TH, green)-
staining (scale bars=50um, mice number in each group is equal or above 7); c. Representative picture of
qPCR showing the expression of caspase 3, caspase 8, FADD, and TRADD in the VTA+SN (mice number
in each group is equal or above 7, *p<0.05,**p<0.001, versus vehicle group, #p<0.05, ##p<0.001,
###p<0.0005, versus 6-OHDA group); d. After 4 days co-culturvation, subsequently, collecting brain slices,
representative picture of qPCR showing the expression of caspase 3, caspase 8, FADD, and TRADD (mice
number in each group is equal or above 7, *p<0.05,**p<0.001, versus vehicle group, #p<0.05, ##p<0.001,
###p<0.0005, versus 6-OHDA group); e. The protein expressions of cleaved-caspase 3, cleaved-caspase
8, FADD and TRADD analysised by western blot in the VTA+SN (mice number in each group is equal or
above 7);f. After 4 days co-culturvation, subsequently, collecting brain slices, cleaved-caspase 3, cleaved-
caspase 8, FADD and TRADD were analyzed by Western blot(mice number in each group is equal or
above 7). g. Schematic diagram of the mechanism of hADSCs in promoting DA neurons repaired.
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