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Abstract
Oligodendrocyte precursor cells (OPCs), which can differentiate into myelinating oligodendrocytes during
embryonic development, are an important potential source for myelin repair or regeneration. To date,
OPCs from human sources (hOPCs) remain limited. In this study, we aimed to evaluate the safety and
remyelination capacity of hOPCs developed in our laboratory by transplanting them into the lateral
ventricles of Sprague–Dawley rats of different ages. The toxicity, biodistribution, and tumor formation
abilities of the injected hOPCs were examined by evaluating rats’ vital signs, developmental indicators,
neural re�exes, along with hematological, immunological, and pathological assessments. In addition, the
hOPCs were transplanted into the corpus callosum of shiverer mice to verify cell myelination e�cacy.
Overall, our results showed that transplanted hOPCs into young mice showed no toxicity against their
organ function or immune system, engrafted only in the brain, and caused no tissue proliferation or tumor
formation. In terms of e�cacy, the transplanted hOPCs formed myelin in the corpus callosum, alleviated
the trembling phenotype of shiverer mice, and promoted normal development. The transplantation of
hOPCs is safe and can effectively form myelin in the brain, thereby providing a theoretical basis for the
future clinical transplantation of hOPCs.

Introduction
Newborns are one of the most at-risk groups for developing demyelinating diseases (Pakpoor et al. 2018),
which are characterized by the loss or damage of the central nervous system’s oligodendrocytes (OLs),
the primary myelin sheath-forming cells in the brain and spinal cord. Myelin replacement through normal
proliferation and differentiation of OLs is an effective treatment strategy (Chen et al. 2013; Georgiou et al.
2017; Mozafari et al. 2020; Novak et al. 2017). Previous studies have evaluated cell transplantation as a
potential treatment strategy of demyelinating diseases. Since stem cells have diverse properties,
including nerve regeneration, neuroprotection, and neurotrophic (Marina et al. 2018; Ribeiro et al. 2015;
Shrestha et al. 2014), stem cell transplantation is considered one of the most promising treatment
strategies for demyelinating diseases. OLs populations can be replenished from various stem cell
sources, such as neural, embryonic, and induced pluripotent stem cells (Czepiel et al. 2015). These stem
cell sources must reach an oligodendrocyte precursor cells (OPCs) state during differentiation into
oligodendrocytes (Sim et al. 2006), which have greater proliferation and migration ability than OLs
(Medved et al. 2020); therefore, OPCs are more suitable for post-transplant survival than OLs, which
would also increase the extent of myelination.

Safety and e�cacy of cell transplantation for the treatment of neonatal demyelinating diseases is
critical. Newborns may also show different adverse reactions compared to adults, after cell
transplantation (Lu et al. 2015). Safety studies on stem cell transplantation for other neurological
diseases have been reported with various cell types. For example, bone marrow mesenchymal stem cell
transplantation for spinal cord injury (SCI) (Geffner et al. 2008); human allogeneic central nervous system
stem cell transplantation for Pelizaeus-Merzbacher disease (Gupta et al. 2019); human neural stem cells
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transplantation for Alzheimer’s disease (Mcginley et al. 2018). These studies have con�rmed the safety
of stem cells in the treatment of neurological diseases, providing a reference for our research.

Currently, most transplanted cells were of rat or mouse origin (Nishiyama et al. 2009; Santos et al. 2019;
Stolt et al. 2006; Zhou et al. 2000), and only a limited studies have used human-derived OPCs (hOPCs)
(Hu et al. 2009; Namchaiw et al. 2019; Wang et al. 2013b). In this study, we transplanted OPCs of human
origin. In a previous study, isolated neural stem cells (hNSCs) from human fetal brain tissue have been
used, which were then differentiated into hOPCs (Lin et al. 2020). This human-derived OPCs have good
proliferation ability and can be stably expanded to the �fth generation. More importantly, it only takes 6 to
7 days to be induced from hNSCs, saving precious time for clinical transplantation. According to reports,
it takes at least 20 days for OPCs induced by other cells (Douvaras et al. 2014; Izrael et al. 2007; Keirstead
et al. 2005; Wang et al. 2013a). However, cell transplantation safety warrants further investigations.
Although we have previously demonstrated the remyelination ability of our developed hOPCs (Wu et al.
2017), in this study, the remyelination ability of hOPCs will be further evaluated.

In this study, we have focused on hOPCs generated from human fetal brain NSC and assessed their
toxicity following transplantation into the lateral ventricle of young animals and its e�cacy on
myelination.

Materials And Methods
1. Cultivation and identi�cation of hOPCs

HOPCs were prepared by the Pediatric Laboratory of the Sixth Medical Center of the Chinese People's
Liberation Army General Hospital using previously established methods for their cultivation and
identi�cation (Text S1). The study was not pre-registered at the start of the methods. Next, the hOPCs
were identi�ed by �ow cytometry and cell morphology. HOPCs were surface-stained with PDGFR-α BV421
mouse anti-human (Cat. #562799, BD Biosciences, Franklin Lake, New Jersey, USA), A2B5 PE mouse anti-
human (Cat. #130-093-581, Miltenyi Biotec, Bergisch-Gladbach, Germany), and NG2 APC mouse anti-
human (Cat. #FAB2585A, R&D Systems, Minnesota, USA) antibodies for �ow cytometry (FACSanto II, BD
Biosciences, Franklin Lake, New Jersey, USA).

2. Animals

Sprague–Dawley (SD) rats and homozygous shiverer mice (The Jackson Laboratory, Maine) were
maintained in a speci�c pathogen-free environment at the Sixth Medical Center of PLA General Hospital.
The room temperature was set to 23 ± 2℃, the humidity to 60 ± 10%, with light and dark cycles of 12 h.
Animals had ad libitum access to sterile food and water. In this study, 48 newborn SD rats were randomly
selected from a pool of 60, and 24 newborn shiverer mice were randomly selected from a pool of 40. For
the inclusion criteria, the difference between the weight of each animal and the average weight was set to
< 1g, whereas otherwise excluded; no animals were excluded since all �t the inclusion criteria. The total
number of one-day-old rats or mice in each the experimental and control groups was 12 (6 males and 6
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females), and each cage contained four animals. During animal testing following transplantation, the
tester was unaware of the animal grouping. Table S1 shows the initial weight of the animals at one day
old. We estimated the sample size based on the initial weight of the animal using the following equation:

In the formula: α = 0.05, β = 0.9, Z0.05 = 1.96, Z0.9 = 1.28, σ=  δ = X1 - X2. α refers to Type I
error while β to Type II, and S1 and S2 refer to the standard deviation of the animals' weight, while Z1 and
Z2 refer to the mean.

3. Safety of hOPCs transplantation into the lateral ventricle of SD rats

In the acute toxicity experiments, the transplantation was performed in the rats on post-partum day 6. We
measured weight, tibia length, righting re�ex, and cliff avoidance reaction every 2 days over the 14 days
following transplantation (21 days after birth). These tests were conducted at 6 pm on the day of the
experiment. On day 14, the young rats were sacri�ced by cervical dislocation. In the chronic toxicity
experiment, a total of three transplants were performed, and the transplantation time points corresponded
to post-partum days 6, 20, and 40. Following the initial transplantation, the body weight and tibial length
of the mice were measured every 3 days until the end of the experiment (post-partum day 90). These tests
were conducted at 6 pm on the day of the experiment. After the third transplantation, blood was taken
from the tail vein every 2 weeks for routine and biochemical blood tests. The haematology test was
divided into two days: The �rst day was the transplantation group, while the second day was the control.
The daily experiment duration was from 10 am to 5 pm. After the third blood collection, blood immune
factor detection, and blood immune cell detection were carried out simultaneously. Immuno�uorescence
was used to detect the residual hOPCs in the various tissues. Before being sacri�ced, all transplanted rats
were photographed. After sacri�ce, the coe�cients of the heart, liver, spleen, lung, kidney, brain, thymus,
spinal cord, testes, and ovary organs were calculated using the formula OC = m / M%, whereby m
represents the organ’s weight, and M represents the rat’s weight.

3.1 Transplantation of hOPCs into the lateral ventricle of SD rats

HOPCs were transplanted into the right lateral ventricle of the experimental group (n = 12), and saline was
injected into the right lateral ventricle of the control group (n = 12). The subgroups were the following: 1)
male cell (MC, n = 6), 2) female cell (FC, n = 6), 3) male saline (MS, n = 6), and 4) female saline (FS, n =
6). Animals were anaesthetised with iso�urane anaesthesia (3-4%) immediately prior to surgery to
minimise animal suffering. The animal’s head was then placed into a stereotaxic apparatus mask
(Stoelting, USA), and the concentration of iso�urane was maintained at 2–2.5%. The anesthetized with
iso�urane rats were �xed on a rat brain stereotaxic apparatus (Stoelting, USA) and their heads were
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disinfected before the skin was incised to expose the skull. The anterior fontanelle was the zero point.
The injection site (anterior and posterior, midline-lateral, and depth) was approached based on the zero
point (Windrem et al. 2004). In the acute toxicity experiments, the lateral ventricle of each rat was injected
with either 5 μL of hOPCs (1×106 cells) or 5 μL of saline; injection rate: 0.5 μL/min; the lateral ventricle
coordinates were (AP: 0.5 mm, ML: 1 mm, DV: 2.0 mm). In the chronic toxicity experiments, each rat was
transplanted three times; once every 2 weeks. On the �rst, fourth, and seventh week each rat was injected
a volume of 5 μL, 10 μL, and 10 μL, respectively, of either hOPCs (1×106 cells, 2×106 cells, and 2×106

cells) or saline. The coordinates of the lateral ventricle corresponding to the three transplants were (AP:
0.5 mm, ML: 1 mm, DV: 2.0 mm), (AP: 0.5 mm, ML: 1 mm, DV: 1.0 mm), and (AP: 0.5 mm, ML: 1 mm, DV:
1.0 mm). After transplantation, the incision was sutured, the skin was disinfected, and the young rats
were returned to their mothers for feeding and were closely observed for 48 h. After weaning, the female
and male rats were reared in separate cages.

3.2 Neural re�ex detection

As part of the acute toxicity experiments, the neural re�ex test was performed. Righting re�ex: After
transplantation, whether the supine young rats could turn over and touch the ground within 2 s was
observed and assessed. If all young rats were positive for three consecutive tests on the same day, the
day was considered a standard day. Cliff avoidance re�ex: Starting from the �rst day after
transplantation, young rats were placed on the edge of a workbench with a height of 30 cm. If the rats
retreated or turned around from the edge within 90 s, the reaction was considered positive. If all rats in the
same cage were positive, the day was considered a standard day.

3.3 Blood routine and serum biochemistry

We collected three blood samples after the �nal transplantation in the chronic toxicity experiment at 2-
week intervals (weeks 9, 11, and 13, after birth). The blood was transferred to an anticoagulant tube
containing EDTA. The XT2000iv blood analyzer (SYSMEX, JAPAN) was used to determine the blood
routine. Detection indicators included red blood cells, white blood cells, platelets, hematocrit, hemoglobin,
and mean platelet volume. Approximately 1 mL of blood was centrifuged at 2,000 rpm for 10 minutes at
4 °C, and the serum was obtained for further biochemical testing. Using a biochemical analyzer (HITACHI
7020, JAPAN), we measured alanine aminotransferase, aspartate aminotransferase, albumin, creatinine,
urea, glucose, total protein, total cholesterol, and triglycerides.

3.4 Detection of cytokines in peripheral blood

At the last blood collection in the chronic toxicity experiment (week 13 after birth), whole blood samples
were placed at room temperature for 2 h, before being centrifuged at 2,000 rpm for 20 min at 4 °C, and the
supernatant was collected for testing. An enzyme-linked immunosorbent assay (ELISA, R&D Systems,
Minnesota, USA) was used to detect peripheral blood immune factors. Detection indicators included IFN-
γ, TNF-α, IL-2, IL-4, IL-5, and IL-6. The assay was performed according to the manufacturer’s instructions.
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3.5 Detection of peripheral blood immune cells

In the �nal blood collection of the chronic toxicity experiment (week 13 after birth), the fresh blood
sample was mixed with an equivalent volume of normal saline and slowly added to the test tube
containing lymphocyte separation solution (Cat. # abs930, Absin Bioscience Inc, Shanghai, China). Then
the blood was centrifuged at 2,000 rpm for 20 min at 4 °C to be divided into its compartments: plasma,
WBCs, and RBCs (top to bottom). A capillary tube was used to collect the WBC-rich cell suspension above
the RBC layer, and this was transferred to another test tube. Hanks solution was added without Ca2+ and
Mg2+ ions; it was then mixed and centrifuged at 2,000 rpm for 10 min at 4 °C. Finally, a cell suspension
was made with RPMI 1640 medium. Cell suspensions were surface-stained with CD3 APC mouse anti-
human (Cat. #562799, BD Biosciences, Franklin Lake, New Jersey, USA), CD4 APC-A750 (Cat. #130-093-
581, Miltenyi Biotec, Bergisch-Gladbach, Germany), CD8 PC5.5 (Cat. #FAB2585A, R&D Systems,
Minnesota, USA), and CD45RA PC7 mouse anti-human antibodies for �ow cytometry (FACSanto II, BD
Biosciences, Franklin Lake, New Jersey, USA).

3.6 Detection of spleen immune cells

Following the �nal blood collection in the chronic toxicity experiments (week 13 after birth), rats were
sacri�ced by cervical dislocation. The spleen was removed under aseptic conditions and rinsed three
times with normal saline. It was then cut and ground into a homogenate without tissue mass, �ltered with
a 40 μm cell sieve (Cat. #352340, BD Biosciences, Franklin Lake, New Jersey, USA), and diluted with
saline to prepare a spleen cell suspension. The cell suspension was added to the centrifuge tube
containing lymphocyte separation solution and centrifuged at 2,000 rpm for 20 min. A capillary tube was
used to collect the WBC-rich cell suspension over the RBC layer, which was then transferred to a 50 mL
centrifuge tube and mixed with physiological saline. Thereafter, this underwent centrifugation at 1,700
rpm for 7 min. Finally, an RPMI 1640 medium was used to prepare a cell suspension. Cell suspensions
were then surface-stained with CD3 APC, CD4 APC-A750, and CD8 PC5.5 mouse anti-human antibodies
for �ow cytometry.

3.7 Histopathological analysis and biodistribution of transplanted hOPCs

After the chronic toxicity experiments (week 13 after birth), the main organs (heart, liver, spleen, kidney,
thymus, spinal cord, testes, ovary, brain, and lung) were �xed in 10% formalin. The tissue sections were
stained with hematoxylin and eosin, and an upright optical microscope (NIKON ECLIPSE CI, JAPAN) was
used for observation, inspection, and evaluation of histopathological lesions. Immuno�uorescence
staining with STEM121 (mouse anti-human STEM121 antibody, Cat. # Y40410, 1:500, Takara Bio, Japan)
was performed to label the residual hOPCs in each tissue.

4. Study of the effectiveness of hOPCs-induced myelination

4.1 hOPCs transplantation in shiverer mice and tremor assessment
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Newborn shiverer mice were transplanted within one day after birth. Animals were anaesthetised as
described in section 3.1 at an iso�urane induction concentration of 2-3%, and a maintenance
concentration of 1-1.5%. A mouse brain stereotaxic apparatus (Stoelting, USA) was used to inject hOPCs
(1.5 μL; 2×105 cells) into the right corpus callosum of shiverer mice (n = 6). The transplant coordinates
were as follows: AP, 0.5 mm; ML, 1 mm; and DV, 0.5 mm. The control group consisted of six randomly
selected non-transplanted homozygotes. After the operation, the body weights were recorded at the same
time every 7 days until the end of the experiment. At 30, 60, and 90 days after transplantation, the tremor
was assessed. The indicators included the amplitude of the tremor and the duration of continuous
tremor.

4.2 Electron microscopy and tissue immuno�uorescence staining

Three months after transplantation, mouse brain samples were imaged using a transmission electron
microscope (TEM, H7650-B, HITACHI, Tokyo, Japan). A �eld of view was randomly selected for each
mouse, and the G-ratio was calculated (myelin inner diameter / myelin outer diameter) according to the
amount of myelin in the �eld of view. The remaining mouse brain tissues were immunostained with
myelin basic protein (MBP) (rat anti-MBP antibody, Cat. #Ab7349, Abcam, Cambridge, UK). A �uorescence
microscope (IX-70, Olympus Corporation) was used to image the samples and the average optical density
of MBP was calculated using Image Pro Plus 6.0 (Media Cybernetics).

5. Statistical analysis

Statistical analyses were conducted using SPSS version 22.0. Data expressed as the mean ± standard
error. The normality of the data was evaluated using a normal distribution graph. The mean of
continuous data was analyzed using an analysis of variance. Two-way ANOVA was used to compare the
groups. Values of p < 0.05 were considered indicative of statistically signi�cant differences.

Results
1. hOPCs are identi�ed by three biomarkers: PDGFR-α, A2B5, and NG2

The hOPCs were identi�ed based on their morphology and quanti�ed of biomarkers using �ow cytometry.
Bright�eld microscopy veri�ed that hOPCs have a typical bipolar, bead-like morphology (Fig.1a) and can
be stably passaged up to the �fth generation. Flow cytometry analyses showed that the proportion of
PDGFR-α+ cells was 72.27 ± 3.01%. A2B5+ cells accounted for 25.87 ± 3.02%, and NG2+ cells accounted
for 18.38 ± 1.51% (Fig. 1b) of the total cell population.

2. Safety of hOPCs transplantation into the lateral ventricle of SD rats

2.1 Evaluation of growth and neural re�ex

The body surface characteristics of both hOPCs transplanted and control groups were normal. The heart,
liver, spleen, lung, kidney, brain, thymus, spinal cord, testes, ovary, and other major organs were normal in
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appearance, and displayed no signs of in�ammation, exudation, or bleeding (Fig. 2a). The organ
coe�cient results showed no statistically signi�cant difference between the hOPCs transplanted and the
control groups (Fig. 2b). The results of the tibia length test showed no signi�cant difference between the
hOPCs transplanted and control groups (acute: p = 0.9881, chronic: p = 0.9078; Fig. 3a). The weight
measurement results showed no signi�cant difference between the hOPCs transplanted and control
groups (acute: p = 0.6409, chronic: p = 0.7815); however, the weight difference between females and
males in the chronic toxicity experiment was statistically signi�cant (p = 0.0479, Fig. 3b). In the acute
toxicity experiment, the righting re�ex evaluation results showed that the number of days rats needed to
reach a standard day was 14.66 ± 0.88 days for the hOPCs transplanted group and 14.25 ± 1.06 days for
the control group; however, the difference between the two groups was not statistically signi�cant (p =
0.3066). The cliff avoidance re�ex evaluation results showed that the number of days required for rats to
achieve a standard response was 14.92 ± 0.67 days for the hOPCs transplanted group and 14.83 ± 0.94
days for the control group, which was not statistically signi�cant (p = 0.8044; Fig. 3c).

2.2 Hematology and immunological assessments

For the chronic toxicity test, routine blood examination and peripheral blood biochemical results showed
no signi�cant difference between the hOPCs transplanted and the control group (Fig. 4, Table S2-S3).
Analyses for serum cytokines and immune cell detection in the peripheral blood and in the spleen showed
no signi�cant difference between the two groups (Fig. 5a–e, Table S4).

2.3 Transplantation, cell labeling, and histopathological evaluation

STEM121 immuno�uorescence staining of the main organ tissues showed that human-derived cells were
found only in the brain tissue (Fig. 6a). In the chronic toxicity test, histopathological evaluations of the
rat’s main organs (heart, liver, kidney, thymus, spinal cord, testes, ovary, brain, and lung) showed no signs
of in�ammation (Fig. 6b).

3. Con�rmation of hOPCs myelination

Three months post hOPCs transplantation, brain imaging with transmission electron microscopy showed
a small amount of mature myelin in the homozygous non-transplanted shiverer mice of the control group.
Most of the myelin sheaths did not form dense lines, and the overall structure was loose. In the hOPCs
transplanted group, the number of mature myelin sheaths was large, and dense lines were formed (Fig.
7a). The results of the myelin G-ratio analysis showed that the hOPCs transplanted and the control group
values were 63.59 ± 3.36% and 94.42 ± 1.42%, respectively, which was statistically signi�cant (p < 0.0001,
Fig. 7b). MBP immunostaining con�rmed myelination in the corpus callosum (Fig. 7c). The mean optical
density values, derived from the MBP labeling, were 0.071 ± 0.005 and 0.017 ± 0.002 for the hOPCs
transplanted and the control group, respectively, which was statistically signi�cant (p < 0.0001, Fig. 7d).
The body mass index test results showed a statistically signi�cant difference in body weight gain
between the two groups, within 91 days post-transplantation (p = 0.0029, Fig. 7e). The observation results
of the tremor amplitude and the duration of a single continuous tremor showed that the difference
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between the cell transplantation group and control group, within 91 days post-transplantation, was
statistically signi�cant (Fig. 7f-g, Table S5).

Discussion
In this study, we transplanted different doses of human-derived OPCs into the lateral ventricles of SD rats
of different ages and assessed their growth and development along with their nervous system and
showed that hOPCs transplantation had no toxic side effects. In this study, the biodistribution of the
transplanted hOPCs was limited to the brain and resulted in no tissue proliferation or tumor formation. In
addition, we also con�rmed that hOPCs transplanted into the corpus callosum of Shiverer mice can form
myelin, thereby alleviating the shivering behavior caused by demyelination, and promoting the normal
growth of these mice.

Safety studies of stem cell transplantation consider the following parameters: The purity and stability of
the stem cell line, dose and route of transplantation, species and age of the experimental animals,
experimental period, and the selection of test indicators (Hoberman and Lewis 2012). In this study,
considering the developmental characteristics of newborns and animal species, we began transplanting
hOPCs into rats of different ages and performed both acute short-term (21 days) and chronic long-term
(90 days) toxicity assessments. In addition, various indicators were evaluated at different time points in
these rats for dynamic monitoring.

We �rst assessed the purity and stability of the hOPCs through a cell morphology and biomarker
analysis. hOPCs are typical bipolar bead-like cells expressing PDGFR-α, A2B5, NG2, SOX10, and Olig2
(Marques et al. 2018), which is consistent with our results. Subsequently, three aspects related to stem
cell safety, namely toxicity, biodistribution, and tumorigenesis, were examined. Herein, the acute toxicity
experiment within 21 days of cell transplantation, showed no transplant-associated deaths among the
rats. Further, growth indicators, such as skin color, abdominal hair, body weight, and bone development,
along with breathing, exercise, digestion, and nervous system related indicators were all normal. In the
chronic toxicity test, to avoid complications such as infection, hematoma, and brain herniation caused by
multiple transplants, the transplantation was conducted every 2 weeks with a slow injection speed rate of
0.5 μL/min. Hematological indicators and immunological tests from multiple time points, and the levels
of relevant indicators of routine blood tests were all normal. Although WBC and PLT �uctuated in the
three tests, no symptoms of infection or anemia were found. Liver and kidney function and blood lipids
were normal, as were the GLU levels; the levels of immune-related factors and immune cells in the blood
and spleen were also within the normal range. H&E staining of major organs showed normal structure
with no in�ammation. Regrading hOPCs biodistribution after lateral ventricle transplantation, STM121
immuno�uorescence staining of major peripheral organs showed that the transplanted hOPCs only
engrafted in the brain tissues and did not localize in other regions (at 90 days). In another study of OPCs
transplantation for the treatment of spinal cord injury, the migration distance of OPCs in the spinal cord
parenchyma was only approximately 3 cm (Manley et al. 2017). Therefore, hOPCs transplanted into the
lateral ventricle would not be expected to migrate to other organs. Moreover, since hOPCs have several
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stem cell characteristics, the risk of tumor formation after transplantation remains a possibility
(Norenberg et al. 2004; Wang et al. 2015). In this study, even on week 13 of the chronic toxicity
experiment, no neoplasms were observed on the macroscopic and microscopic aspects of SD rats in the
transplantation group; moreover, the weight change and organ coe�cient of the transplantation group
were not different from those of the control group. In addition, a pathological analysis showed no tissue
proliferation or tumor formation in any of the major peripheral organs.

Limited studies have previously assessed the myelination potential of transplanted human-derived OPCs.
hOPCs can migrate to demyelinating sites or the region of myelin injury after transplantation, and further
differentiate into oligodendrocytes, forming myelin sheaths around axons, and activating host
endogenous progenitor cells to improve the remyelination of axons (Farhangi et al. 2019). To minimize
the in�uence of host endogenous progenitor cells, we used the Shiverer mice to evaluate the myelinating
ability of hOPCs. The Shiverer mouse is an animal model with congenital myelination loss suitable for
testing the myelinating ability of transplanted cells (Windrem et al. 2008). Consistent with previous
�ndings, transmission electron microscopy and MBP immuno�uorescence staining conducted 90 days
after hOPCs transplantation con�rmed the myelination of the corpus callosum of the Shiverer mice.
Further, the tremor phenotype was relieved in the transplanted group. The appetite of the transplanted
mice also increased, resulting in greater body weight than the control group mice.

Together, these data can provide guidance for future clinical trials of lateral ventricle transplantation of
hOPCs for the treatment of demyelinating diseases. First, the safe dose of hOPCs for single
transplantation of cells in 1-week-old newborn SD rats is 1×106 with an injection volume of 5 µL. At post-
partum week 7, the safe dose of single transplanted cells can be increased to 2×106 with an injection
volume of 10 µL can be used. The e�cacious number of myelinating cells to alleviate the tremor
phenotype in newborn Shiverer mice is 2×105 with an injection volume of 3 µL. These experimental doses
will not cause brain herniation, and the cell suspension will not over�ow. Therefore, we recommend that
the experimental dose in future preclinical tests should not greatly exceed this dose. Second, the
detection indicators after transplantation in this study may provide references for clinical trials. The
selection of observation indicators signi�cantly in�uences the experimental study of juvenile animal
toxicity. According to published guidelines, general evaluation indicators usually include gross
observation, vital signs, growth and development, hematology, pathology, and gross observation. If a
speci�c target organ or system is considered, it can be combined with reproductive function, sexual
development function, immune function, and central nervous system function indicators (Duarte et al.
2020; Silva-Lima et al. 2010). In addition, the length of the observation period, transplantation time point,
and the index detection time point of this study can be used as reference values for future clinical trials.
In this study, the observation period for the acute toxicity experiment lasted 21 days after birth, and the
observation period for the chronic toxicity experiment lasted 90 days. The transplantation time points
consisted of the �rst, fourth, and seventh weeks post-partum, while time points for the detection of
hematological indicators were 9 weeks, 11 weeks, and 13 weeks post-partum. Studies have shown that
within 22 days of birth, rats are equivalent to human infants/toddlers (< 2 years), in which basic
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physiological development characteristics have been established. Moreover, within 46 days of birth, rats
are equivalent to human children at 2–12 years of age. Important organs, such as the heart, lungs, and
liver, are typically fully developed in mice at 13 weeks of age, which is equivalent to the adolescent period
(12-16 years old) of humans. The development of neural re�exes, learning and memory, kidneys, and
other systems are relatively complete when rats are approximately 20 weeks old, which is equivalent to
human adulthood (Baldrick 2004; Smialowicz 2002).

Conclusion
In conclusion, this study provided evidence of the safety of human-derived OPCs transplantation in young
animals, and con�rmed the e�cacy of its myelination potential. Together, these results provide insights
into the safety and effectiveness of hOPCs for future clinical studies for the treatment of neonatal myelin
diseases.
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Figures

Figure 1

Culture and identi�cation of hOPCs. a. Identi�cation of the bright �eld morphology of hOPCs. Scale bar is
200 μm, inset 400 μm. b. Flow cytometry to detect the three biomarkers PDGFR-α, A2B5, and NG2 of
hOPCs. hOPCs: human oligodendrocyte progenitor cells



Page 17/22

Figure 2

Rat body surface and main internal organs. a. Appearance of rats and main organs. b. Graph showing the
organ coe�cients. Bars represent means. Error bars show the standard error of the mean. FC, Female cell
group; FS, Female saline group; MC, Male cell group; MS, Male saline group
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Figure 3

Rat growth and neural re�ex. a. Changes in tibia length. b. Changes in body weight. *p = 0.0479. c.
Righting Re�ex and Cliff Avoidance in acute toxicity experiments. FC, Female cell group; FS, Female
saline group; MC, Male cell group; MS, Male saline group
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Figure 4

Chronic toxicity laboratory hematology examination a. Following the �nal transplantation of the chronic
toxicity test, blood was collected three times at 2-week intervals (weeks 9, 11, and 13, after birth). The
routine blood test results included red blood cells (RBCs), white blood cells (WBCs), platelets (PLT),
hematocrit (HCT), hemoglobin (HGB), mean platelet volume (MPV) b. The blood biochemical test results
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included alanine aminotransferase (ALT), aspartate aminotransferase (AST), albumin (ALB), creatinine
(CREA), urea (UREA), glucose (GLU), total protein (TP), total cholesterol (TC), antriglyceride (TG).

Figure 5

Immunological evaluation of chronic toxicity experiment. a and b: Immune cell detection in peripheral
blood. Indicators include: CD3+CD4+, CD3+CD8+. c and d: Detection of spleen immune cells. Indicators
include CD3, CD4, CD8+. E: Detection of cytokines in serum. Indicators include IFN-γ, TNF-α, IL-2, IL-4, IL-5,
IL-6. Bars represent means. Error bars show the standard error of the mean. FC, Female cell group; FS,
Female saline group; MC, Male cell group; MS, Male saline group

Figure 6
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Histopathological evaluation and transplantation cell labelling in chronic toxicity experiment. a.
STEM121 (red) immuno�uorescence staining marks the human-derived cells transplanted into the lateral
ventricle of SD rats. Scale bar is 200 μm, inset 400 μm. b. H&E staining was used to evaluate the
pathological changes of the main organs (heart, liver, spleen, kidney, thymus, spinal cord, testes, ovary,
brain, lung) in rats. Scale bar is 200 μm.

Figure 7

Evaluation of the effectiveness of hOPCs transplantation into shiverer mice. a. The electron micrograph
shows the sagittal view of the myelin sheath in the corpus callosum of shiverer mice from TEM.
Magni�cation: 20,000×; inset 60,000×. b. The plot showing the G-ratios. ****p < 0.0001. c. Alexa 488
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marks MBP (green) differentiated from hOPCs. Scale bar is 200 μm. d. Graph showing the mean optical
density of MBP. ****p < 0.0001. e. Body weight changes of shiverer mice within 91 days. **p = 0.0029. f.
Graph showing the shaking amplitude. **p = 0.0015; ****p < 0.0001 g, Graph showing the shaking time.
*p = 0.0106; ****p < 0.0001 Bars represent means. Error bars show the standard error of the mean. TEM,
transmission electron microscopy; hOPCs, human oligodendrocyte progenitor cells, MBP, myelin basic
protein
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