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TABLE 5 | Troubleshooting table (continued).

Step Problem Possible reason Solution
No differentiation or Improper cell density Perform induction of differentiation in an appropriate cell
too-low efficiency in density according to the protocol

differentiation

20A(iv), The signal for the spe-  Prolonged culturing Do not culture cells on a gelatin-coated coverslip until they
20C(ii) cific cell type cannot reach 100% confluency or specific cell types will be lost

be detected in cultured

cells on a gelatin-

coated coverslip

® TIMING

Step 1, preparation of adult human dermal fibroblasts or bone marrow stromal cells: 4 h-3 weeks
Step 1A, preparation of adult human dermal fibroblasts: 4 h-3 weeks

Step 1A(i-vii), thawing and culturing: 2-3 weeks

Step 1A(viii-xii), passaging: 1-2 h

Step 1A(xiii-xviii), preparation for FACS: 1 d

Box 1, making frozen stock for mesenchymal cells: 1 h

Box 2, selecting serum by lot check: 2 weeks

Step 1B, preparation of fresh bone marrow-derived mononuclear cells: 4 h

Steps 2-9, isolation of Muse cells by FACS: 4-6 h

Step 10, M-cluster formation in suspension culture: 7-10 d

Step 10A, single-cell suspension culture: 7-10 d

Step 10B, MC culture: 7-10 d

Steps 11-17, adherent culture: 7-10 d

Step 18, evaluation of Muse cells in M-clusters: 1.5 h-2 d

Step 18A, detection of ALP activity: 1.5 h

Step 18B, immunocytochemistry against pluripotency markers: 2 d

Step 19, evaluation of the differentiation capacity of Muse cells: 1-3 weeks

Step 19A, spontaneous differentiation on a gelatin-coated coverslip: 1-2 weeks

Step 19B, dissociation of M-clusters for induced differentiation of Muse cells into mesodermal-, endodermal- and
ectodermal-lineage cells: 1 h

Step 19C, induced differentiation of Muse cells into mesodermal-, ectodermal- and endodermal-lineage cells: 2-3 weeks
Step 19C(ii-vi), osteocyte induction: 2-3 weeks

Step 19C(vii-ix), adipocyte induction: 2-3 weeks

Step 19C(x-xi), hepatocyte induction: 2 weeks

Step 19C(xii-xvi), neural induction: 3 weeks

Step 20, evaluation of cell differentiation: 5 h-2 d

Step 20A, immunocytochemical analysis of the differentiated cells: 2 d

Step 20B, immunocytochemical analysis of the sphere cells: 2 d

Step 20C, RT-PCR: 5 h

ANTICIPATED RESULTS

In the case of isolation of Muse cells from cultured mesenchymal cell populations that can be purchased commercially, adult
human BMSCs and dermal fibroblasts should be cultured in the appropriate culture conditions described in the PROCEDURE.
Healthy MSCs have long, thin cell bodies with a large nucleus, usually referred to as ‘fibroblast-like morphology’, and MSCs
cultured in a 90-mm tissue culture dish generate 1.0 x 106 BMSCs, 2.0 x 106 NHDFs and 2.1 x 106 HDFas at 100% confluency
(Fig. 3). In contrast, mononuclear cells derived from fresh bone marrow are another cell source for Muse cells. According to
the brochure accompanying the commercial bone marrow preparation, the number of mononuclear cells elicited from 10 ml of
fresh bone marrow is calculated as 0.2-1.7 x 108 cells, but it actually depends on the freshness of the bone marrow aspi-
rates. For example, when we purchased bone marrow from ALLCELLS, which is imported from the United States to Japan and
typically takes 5-7 d to arrive, the number of mononuclear cells elicited from the bone marrow aspirate was as low as about
2.0-5.0 x 10° cells, and sometimes no cells could be collected. We strongly recommend isolating mononuclear cells as soon
as possible after aspiration of the bone marrow.
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Figure 5 | Characterization of M-clusters. (a) Phase-contrast image of an
M-cluster. (b-d) The result of the ALP reaction; the M-cluster (b) and
mouse ES cells (c) are positive for the ALP reaction, whereas NHDFs (d) are
negative. Scale bars, 50 um (a-c), 100 pum (d).

Muse cells can be purified from the mesenchymal cell
populations such as adult human BMSCs, dermal fibroblasts
and the mononuclear cell population of fresh bone marrow
by FACS using the antibody against the specific cell surface
marker SSEA-3 (Fig. 4). The percentage of SSEA-3+ cells
among these cell populations is dependent on the cell
sources: it is <1% in adult human cultured BMSCs, 2-3%
in adult human cultured fibroblasts and 0.003-0.004% in
mononuclear cells directly isolated from fresh bone marrow.
Muse cells have telomerase activity as low as that of naive
fibroblasts or BMSCs (Supplementary Fig. 1), suggesting
low tumorigenicity of Muse cells. After SSEA-3+ cells are
isolated, they can be cultured in a single-cell suspension
culture or an MC culture. About half (40-60%) of the Muse
cells form M-clusters, whose diameters are >25 um and
which resemble embryoid bodies generated from human
ES cells, have ALP activity similar to that of other pluripotent cells (Fig. 5) and contain the cells positive for pluripotency
markers such as Nanog, Oct3/4 and Sox2 in addition to SSEA-3 (as shown by immunocytochemical analysis and RT-PCR
(Fig. 6)). The growth curve of Muse cells in M-cluster formation shows the limitation of proliferative activity of Muse cells in
a single-cell suspension culture (Supplementary Fig. 2). The proportion of M-cluster-forming activity is dependent on the
viability of cells and is usually 45-65% in our laboratory. In contrast, SSEA-3- and/or CD105- cells did not form any clusters
after single-cell suspension culture or MC culture. After expansion of M-clusters in adherent culture, second-generation
M-cluster can be formed from the M-cluster-derived adherent culture-expanded cells, and the proportion of second-generation
M-cluster formation is 48.0 + 5.8% (fibroblasts) (mean + s.d.) or 40.3 + 9.1% (BMSCs). Alternatively, Muse cells can be
isolated by FACS sorting with anti-SSEA-3 antibody, and
the percentage of SSEA-3+ cells is 45.0 + 3.2% (fibroblasts).
This SSEA-3+ percentage is similar to the proportion of
M-cluster-forming cells after adherent culture presented
above, suggesting that SSEA-3+ Muse cells have M-cluster-
forming activity.

Differentiation of Muse cells can be confirmed by two
methods: a spontaneous differentiation assay in which they
are cultured on the gelatin-coated coverslip or induced
differentiation of Muse cells into mesodermal-, endodermal-
and ectodermal-lineage cells. After culturing on a gelatin-
coated coverslip with 10% (vol/vol) FBS in a-MEM, Muse
cells spontaneously differentiate into cells representative
of all three germ layers, including cells positive for neuro-
filament (marker for neuronal cells, ectodermal lineage),
SMA (smooth muscle, mesodermal lineage), o-fetoprotein
(hepatocyte, endodermal lineage), cytokeratin-7 (biliary
duct, endodermal lineage) and desmin (muscle, mesodermal
lineage) (Fig. 7a-d). RT-PCR demonstrates the expression

Figure 6 | Expression of pluripotency markers in M-clusters.

(a-d) Immunocytochemical analysis showing cells in an M-cluster
expressing pluripotency markers (green) such as Nanog (a), Oct3/4 (b),
Sox2 (c) and SSEA-3 (d); nuclei are also visualized (blue). () mRNA
expression of pluripotency markers. Human ES cells are used as a positive
control. Scale bar, 50 um. Samples treated without a reverse-transcription
reaction (RT-) are used as a negative control. Panels a,b,e are modified
B-Actin R S from Kuroda et al.39, Wakao et al.40 and Kuroda et al.39, respectively.
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Figure 7 | Spontaneous differentiation
of Muse cells on a gelatin-coated coverslip.
(a-d) Immunocytochemistry against
markers for specific cell types; M-cluster-
derived cells cultured on gelatin-coated
coverslips are positive for neurofilament
NF and SMA (a), cytokeratin-7 (CK7) (b),
o-fetoprotein (a-FP) (c) and desmin (d).
(e-g) Expression of mRNA for cell
lineage markers. M-cluster-derived

cells cultured on the gelatin-coated

coverslip express mRNA for o.-FP, GATAG, MAP-2 MaP-2 [N MAP-2
MAP-2 and Nkx2.5 (e, cells from M-clusters Nix2.5 [ N5 [ Nkx2.5 [
derived from adult human dermal fibroblasts; B-Actin [ g—— B-Actin 1 B-Actin i
(f.g) cells from M-clusters derived from a & L & P & ®
VP AP NN
mononucleated cell of human fresh bone <& < 2

marrow). Human fetal liver (liver) was
used as a positive control for o-FP, and whole human embryo (embryo) was used as a positive control for GATA6, MAP-2 and Nkx2.5. Scale bars,
50 um. Panels a,g are modified from Wakao et al.40 and Kuroda et al.39, respectively.

of o-fetoprotein, GATA6 (endodermal lineage), MAP-2 (ectodermal lineage) and Nkx2.5 (mesodermal lineage) (Fig. 7e-g).
Muse cells without induction of differentiation do not express any of the differentiation markers mentioned above, as shown
by immunocytochemical analysis and RT-PCR (Supplementary Fig. 3).

The self-renewal property of Muse cells can be confirmed by cycle culture consisting of suspension culture-adherent
culture-suspension culture. M-cluster in the third generation created by this cycle-culture method also has the same
differentiation ability as that observed in the first generation (Fig. 7e), indicating the self-renewal property of Muse
cells. Muse cells can differentiate into mesodermal-, endodermal- and ectodermal-lineage cells under the directed method.
For example, Muse cells give rise to osteocalcin-positive osteocytes (Fig. 8) and adipocytes (mesodermal lineage) that
are detected as cells containing lipid droplets inside the cytoplasm (Fig. 8b), and which are positive for oil red staining
(Fig. 8c). These cells are representative of the mesodermal lineage. Hepatocytes (endodermal lineage) that express
o-fetoprotein and human albumin are able to be produced from Muse cells after culturing with 10% (vol/vol) serum-
containing medium supplemented with several hormones and trophic factors, including dexamethasone, HGF and FGF-4
(Fig. 8d,1). In the suspension culture system containing bFGF and EGF in a serum-free medium, Muse cells can also give
rise to neural progenitor cells, which are positive for nestin (Fig. 8e), musashi-1 (Fig. 8f) and NeuroD (Fig. 8g)
(ectodermal lineage). These neural progenitor cells differentiate into MAP-2+ neurons upon treatment with bFGF and
BDNF in adherent culture (Fig. 8h). These procedures confirm Muse cells’ capacity for differentiation and self-renewal.

Figure 8 | Induced differentiation of Muse cells into mesodermal-,
endodermal- and ectodermal-lineage cells. (a-h) Immunocytochemical
analysis of differentiated cells. (a) After osteocyte induction, the cells
positive for osteocalcin are detected. Adipocyte induction generates

cells with lipid droplets (b) that are positive for oil red staining (c).

(d) Hepatocyte induction generates cells positive for a-fetoprotein (c.-FP).
(e-g) After neural induction, the cells form spheres resembling neurospheres
positive for the neural progenitor markers (green) Nestin (e), Musashi-1 (f)
and NeuroD (g). (h) This neurosphere-like sphere gives rise to MAP-2+
neurons after treatment with trophic factors. (i) mRNA expression

in differentiated hepatocytes. M-cluster-derived cells (induced) can
differentiate into cells expressing o-FP and human albumin mRNA, whereas
naive adult human fibroblasts (h-fibro) do not express both mRNAs.

Abumin [ Human fetal liver (liver) was used as a positive control. Scale bars, 50 um
B-Actin [—— (a,d-h), 20 um (b,c).
Note: Supplementary information is available in the online version of the paper. experiments and all the authors prepared the figures. M.K. and M.D. contributed

to the description of the protocols.
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Autologous mesenchymal stem cell-derived
dopaminergic neurons function
in parkinsonian macaques
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A cell-based therapy for the replacement of dopaminergic neurons has been a long-term goal in Parkinson’s
disease research. Here, we show that autologous engraftment of A9 dopaminergic neuron-like cells induced
from mesenchymal stem cells (MSCs) leads to long-term survival of the cells and restoration of motor func-
tion in hemiparkinsonian macaques. Differentiated MSCs expressed markers of A9 dopaminergic neurons
and released dopamine after depolarization in vitro. The differentiated autologous cells were engrafted in
the affected portion of the striatum. Animals that received transplants showed modest and gradual improve-
ments in motor behaviors. Positron emission tomography (PET) using [''C]-CFT, a ligand for the dopamine
transporter (DAT), revealed a dramatic increase in DAT expression, with a subsequent exponential decline
over a period of 7 months. Kinetic analysis of the PET findings revealed that DAT expression remained above
baseline levels for over 7 months. Immunohistochemical evaluations at 9 months consistently demonstrated
the existence of cells positive for DAT and other A9 dopaminergic neuron markers in the engrafted striatam.
These data suggest that transplantation of differentiated autologous MSCs may represent a safe and effective

cell therapy for Parkinson’s disease.

Introduction

Cell-based therapies are expected to replace the missing dopamin-
ergic neurons and to restore the motor function in patients with
Parkinson’s disease (PD) (1). Early studies on cell-based therapies
used fetal midbrain tissue containing dopaminergic neurons as a
cell source and suggested potential therapeutic effects in PD (for
review, see refs. 2, 3). However, limited availability and ethical con-
siderations relating to the use of fetuses pose limitations for prac-
tical use. Bone marrow-derived mesenchymal stem cells (MSCs),
a type of adult stem cells, have trophic effects (4) and a differenti-
ation spectrum that crosses oligolineage boundaries (5), offering
the potential for use in autologous cell therapy, with low risk of
tumorigenesis (6). The MSCs have been already tested for cell ther-
apy in PD model rodents (7-9) and even in patients with PD (10).
However, they have shown poor performance for restoration of
motor function, potentially due to limited spontaneous differenti-
ation (11) or facilitated apoptosis (12, 13) of MSCs. Recent studies
of fetal midbrain graft have suggested that better outcomes could
be obtained if the graft consisted of well-differentiated A9 dopa-
minergic neurons (14-16), the most severely damaged neuronal
type in PD (17). Therefore, differentiation of MSCs into desired
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cells, such as A9 dopaminergic neurons, would probably provide
effective functional restoration in PD.

Recently, it was shown that MSCs could be artificially directed to
differentiate into several specialized cell types, including those in
nervous tissues (18-21). Previously, we reported that dopamine-pro-
ducing cells could be induced from MSCs (MSC-DP cells) by intro-
duction of a Notch1 intracellular domain-containing (NICD-con-
taining) plasmid, followed by cytokine stimulation with bFGF,
forskolin, ciliary neurotrophic factor (CNTEF), and glial cell line-
derived neurotrophic factor (GDNF) (20, 21). The differentiated cells
were positive for markers of dopaminergic neurons, such as tyrosine
hydroxylase (TH) and the dopamine transporter (DAT), and had
an ability to release dopamine after depolarization by potassium
stimulation. When rat and human MSC-DP cells were transplanted
into the striata of PD model rats, integration of TH* and DAT* cells
and functional recovery in motor behaviors were confirmed (20).
Subsequent development of a spermine-pullulan-mediated reverse
transfection method allowed us to induce MSC-DP cells more safely
and efficiently than before from MSCs of macaque monkeys (21),an
animal species frequenctly used for preclinical trials of PD (22-27).

To test the scalability of MSC-DP cell-based therapy in primates
in this study, monkey MSC-DP cells were characterized in detail
using specific markers and evaluated for their longitudinal effects
after they were engrafted into hemiparkinsonian monkeys using
behavioral tests and positron emission tomography (PET). The
MSC-DP cells, prepared autologously from the bone marrow of
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each test animal, expressed cell makers not only for antigens that
have been previously described (20, 21), such as § tubulin III (Tuj1),
microtubule-associated protein 2 (MAP-2), TH, and DAT, but also
for those specific to the A9 subtype, namely, G protein-coupled
inward rectifying current potassium channel type 2 (GIRK2) (15)
and forkhead box protein A2 (FOXA2) (28). The effect of transplan-
tation was evaluated for up to 9 months based on motor behav-
iors of affected hand movements; PET scans using 'C-CFT, which
specifically labels DAT; and postmortem histology. Tumorigenicity
was also estimated from the results of blood tests and PET scans.
The preclinical data obtained thus may extend the applicability of
the current autologous cell system as a therapy for PD.

Results
Evaluation of MSC-DP cells. Cynomolgus monkey MSCs drasti-
cally changed their morphology following induction, as reported
previously (21): naive MSCs initially showed fibroblast-like
mesenchymal cell features (Figure 1A), while induced cells showed
aneuron-like morphology with neurite-like processes (Figure 1B).
By immunohistochemistry, naive MSCs were negative for neuronal
markers, as reported previously (21), but induced cells were posi-
tive for neuronal markers, Tujl (Figure 1C) and MAP-2 (Figure
1D); dopaminergic neuron markers, TH and DAT (Figure 1,
E and F); the A9 dopaminergic neuron marker, GIRK2 (Figure 1G);
and a marker of floor plate-derived cells, FOXA2 (Figure 1H). We
also confirmed that these cells were positive for sodium channels
(Figure 1I), a marker of differentiated neurons.

To confirm whether these cells have an ability to produce and
release dopamine, we measured the secretion of dopamine by
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Figure 1

Monkey bone marrow MSCs and MSC-DP cells. (A) Morpholog-
ical changes were evident in cynomolgus naive MSCs (phase-
contrast microscopy) and (B) MSC-DP cells (phase-contrast
microscopy). The MSC-DP cells possessed neurite-like pro-
cesses. Immunocytochemistry of MSC-DP cells showed that the
cells were immunoreactive for the neuronal markers (C) Tuj1
and (D) MAP-2; for the markers of dopaminergic neurons (E)
TH, (F) DAT, (G) GIRK2, and (H) FOXAZ2; and for the marker of
neurons, (I) sodium channel (SCN). DAPI was used for coun-
terstaining of nuclei. Scale bar: 30 um. (J) Results of RT-PCR
in naive MSCs, MSC-DP cells, and tissue samples from the
SNc and VTA. Naive MSCs expressed no GIRK2, FOXA2, and
CALB1 mRNA, while the MSC-DP cells expressed GIRK2 and
FOXA2 mRNA. SNc tissue samples from an embryo and an
adult cynomolgus monkey also contained high levels of GIRK2
and FOXA2 mRNA but only low levels of CALBT mRNA, while
the VTA contained high levels of CALBT mRNA and only very
low levels of GIRK2 and FOXA2 mRNA. NC, negative control.
(K) Percentages of cells immunoreactive for TH, DAT, GIRK2,
and FOXA2 in MSC-DP cells.

HPLC. The amount of dopamine in the culture supernatant was
measured following application of high K* depolarizing stimuli,
which resulted in release of 1.04 + 0.4 pM dopamine per 106 cells
(Table 1); by contrast, naive cynomolgus monkey MSCs showed
no detectable dopamine release. These results are consistent with
those of our previous studies: the amount of dopamine release
was comparable to the amounts in rats (1.1 pM/106 cells) (20) and
monkeys (0.9 + 0.2 pM/106 cells) (21).

We further investigated the expression of markers specific for A9
dopamine neurons using RT-PCR. The MSC-DP cells expressed
GIRK2 and FOXA2 mRNA but not CALBI mRNA (GIRK2'/FOXA2*/
CALBI") (Figure 1J). When control tissues obtained from a cyno-
molgus embryo and an adult animal were analyzed, both showed
that the substantia nigra pars compacta (SNc) was strongly positive
for GIRK2 and FOXA2 and weakly positive for calbindin, while the
ventral tegmental area (VTA) was weakly positive for GIRK2 and
FOXA2 but strongly positive for calbindin (Figure 1J). This distinct
pattern of GIRK2/FOXA2/calbindin expression in the SNc and
VTA is consistent with those reported in other species, including
rodents and humans (15, 28, 29). We also evaluated the induction
efficiency of MSC-DP cells by quantitative immunocytochemistry.
Fifty to seventy-five percent of MSC-DP cells were positive for TH,
DAT, GIRK2, and FOXA2 (Figure 1K). These findings indicated
that the current method efficiently produced MSC-DP cells from
the MSCs, which had properties similar to those of the A9 dopa-
mine neurons in the model species.

Behavioral analysis of motor symptoms. The clinical rating scores
(CRSs) for parkinsonian animals are shown in Figure 2A. The CRS
revealed a significant interaction effect between groups and time
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Table 1
Dopamine-producing capacity of MSC-DP cells and the number
of engrafted cells

Animal ID Dopamine release induced No. of engrafted
by K+ (pM/10¢ cells) cells (x 106 counts)
mon0703 2.6 20.4
mon0705 0.5 9.0
mon0708 0.4 12.0
mon0709 0.8 12.7
mon0710 0.9 18.6

Dopamine release induced by K+ was measured by HPLC. Animals
were from the MSC-DP—engrafted group.

after transplantation (F distribution [F43,] = 3.07, P < 0.05). Thus,
we further tested for an effect of time, separately in each of the
groups in our study (engrafted or sham), by 1-way ANOVA. The
CRS in the MSC-DP-engrafted group showed a marginal effect of
time (F416 = 2.95, P = 0.055). In a post-hoc comparison of scores at
each time point after engraftment with those at baseline, signifi-
cant improvements in the CRS were observed at 8 months after
engraftment (Dunnett’s multiple comparison, P < 0.05). This time
effect was not observed in the sham group either by 1-way ANOVA
or post-hoc analysis.

Hand-reach scores showed similar time courses (Figure 2B).
The scores for the affected hand showed significant group and
time interaction (F43; = 2.83, P < 0.05). One-way ANOVA for the
repeated measures of hand-reach scores for the affected hand of
the MSC-DP-engrafted group revealed a significant effect of time
(Fa16 = 5.62, P < 0.001). A post-hoc comparison of scores at each
time point after engraftment with those at baseline revealed sig-
nificant improvements in hand-reach scores at 4 months (Dun-
nett’s multiple comparison, P < 0.05) and 8 months (P < 0.01) after
engraftment. This effect of time was not observed in the sham
group. Therefore, the CRSs and hand-reach scores suggested that
the engraftment of MSC-DP cells modestly improved motor behav-
iors in parkinsonian animals.

Despite these improvements in MSC-DP-grafted animals,
spontaneous activities of animals were not affected by any of
group (sham vs. MSC-DP engrafted), time
(before engraftment and 4 months and
8 months after engraftment), or interaction
among these variables (2-way ANOVA with
repeated measures, Supplemental Figure 1;
supplemental material available online with 154
this article; doi:10.1172/JCI62516DS1).
Animals in the engrafted group tended to
show higher spontaneous activities than
sham-operated animals at 4 and 8 months &%
after engraftment; however, no statistically 5-
significant effect of group was observed at
any time point in post-hoc analysis (Bonfer-

~&~ Sham
-~ MSC-DP
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HC-CFT PET. Voxel-based analysis of !C-CFT binding poten-
tial (BPnp) images disclosed a significant effect of time in a clus-
ter extending into the dorsal posterior putamen in the engrafted
group (Figure 3C) (family-wise error rate [FWE] corrected, P < 0.0S;
Table 2). The maximum of this cluster was located (x = 11.5 mm,
y=-8.0mm,z=3.5 mm) in a standard macaque brain space of the
Montreal Neurological Institute (MNI) (31) and was safely within
the area targeted when engrafting MSC-DP cells into the striatum
(Figure 3A). Using this cluster as a region of interest (ROI), we
obtained BPyp values for this ROI across all animals, groups, and
time points. The BPxp values obtained are presented in Figure 3D.
Two-way ANOVA with repeated measures (Figure 3D) revealed sig-
nificant effects of an interaction between group and time (Fs24 = 4.3,
P < 0.01). Post-hoc analysis showed that the BPxp at 7 days after
engraftment was higher than that in the sham-operated group
(Bonferroni multiple comparison, T = 4.56, P < 0.001), as shown
in Figure 3D. In particular, animal mon0703, who received the
graft with the largest amount of MSC-DP cells (Table 1), showed
the highest BPyp (0.59) in the engrafted striatum at 7 days after
engraftment, followed by animal mon0710, who showed a BPyp of
0.43 at 7 days after engraftment (Figure 3B).

The time-dependent decline in 1!C-CFT binding in the engrafted
striatum (Figure 3D) allowed us to analyze the kinetics of 1!C-CFT
binding in detail. Because recent studies have suggested that MSCs
are susceptible to senescent (12) and apoptotic changes (13), we
supposed that this decline was due to degeneration of engrafted
MSC-DP cells. '1C-CFT binding is known to be correlated with
the density of dopamine neurons or terminals rather than any
physiological (or functional) variation in dopamine release. The
rate of 1!C-CFT binding reduction, calculated based on the 1-hit
model of neurodegeneration (32), was 0.30 months (~10 days) as
a half-life period (Figure 3E). This rate of reduction was slightly
slower than that for engrafted naive rodent MSCs (~3 days; Sup-
plemental Figure 2) based on previously described data (13). We
further tested whether this degenerative process would affect all
grafted cells. The plateau of the 1-hit model was significantly
higher than the baseline (before engraftment) !!CFT binding level
(baseline BPyp = 0.087 + 0.028 vs. BPyp at plateau = 0.17 + 0.029;
Welch’s corrected T13 = 2.04, 1-tailed P < 0.05), suggesting that a
small portion of the grafted MSC-DP cells survive and integrate

~&~ Shamn/nonaffected
=¥~ MSC-DP/nonaffected

B -#- MSC-DP/engrafted
~o~ Sham/affected

Hand-reach score

roni corrected, P > 0.05). Within-subject and — v
Baseline 14d

T T T T T T T T
2 mo 4 mo 8 mo Baseline 14d 2mo 4 mo 8 mo

between-subject data were highly variable,
consistent with a previous report in this
type of parkinsonian animal model (30). No
dyskinesia-like abnormal movements were
observed in any MSC-DP cell-engrafted ani-
mals during the observation period.

Figure 2
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Time after engraftment

Time after engraftment

Behavioral assessment. (A) CRSs and (B) hand-reach scores were plotted against time for
MSC-DP cell-engrafted (MSC-DP) and sham-operated (Sham) groups. *P < 0.05 compared
with baseline in the MSC-DP—engrafted group, Dunnett’s multiple comparison test.
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