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Antibodies
Antibodies used

Validation

Sample sizes were based on previous experience and publications. We preformed sample size calculations on online platform-EDA
(Experimental Design Assistant, national centre for the replacement refinement & reduction of animals in research, https://eda.nc3rs.org.uk/
about).[1] Following the instructions of EDA, we finished the experiment design diagram and typed the certain parameters which were based
on results from published studies for power analysis. This was determined at a minimum of 5 rats for each group.

In general, 6-8 rats or 3-4 samples per group are appropriate for in vivo experiments involving therapeutic efficacy, survival, and flow
cytometry.

1. Towner RA, et al. Regression of glioma tumor growth in F98 and U87 rat glioma models by the Nitrone OKN-007. Neuro-oncology 15,

330-340 (2013). 330-340 (2013).

No data was excluded.

As reported in Methods Section, experiments were all replicated at at least three times (n = 3 rats, mice or cell samples cultured in
independent space such as plate or disk), and attempts at replication were successful.

All animals were randomized between groups.

Animals were assigned randomly to control and experimental groups. Although experimenters were not blinded to group allocation for data
collection, subsequent offline analysis was performed blinded to experimental conditions. The experimenters were blinded to experimental
conditions for analysis of immunohistochemistry and in situ hybridization.

Antibodies: the antibodies used in identifying the stemness of MSC including anti-CD13 (clone WM15, Cat No: 555394), anti-CD29
(clone MAR4, Cat No: 555443), anti-CD44 (clone G44-26, Cat No: 550988), anti-CD73 (clone AD2, Cat No: 550257), anti-CD90 (clone
5E10, Cat No: 559869), anti-CD105 (clone 266, Cat No: 560839, anti-CD166 (clone 3A6, Cat No: 559263), anti-CD49b (clone 12F1,
Cat No: 555669), anti-CD1d (clone CD1d42, Cat No:563505), anti-CD3 (clone SK7, 340542), anti-CD10 (clone HI10a, Cat No: 561002),
anti-CD14 (clone M5E2, cat No: 561712), anti-CD31 (clone MEC13.3, cat No: 550274), anti-CD34 (clone 581, cat No: 555824), anti-
CD45 (clone HI30, 560975), anti-CD49d (clone 9F10, cat No: 560972), anti-CD56 (clone B159, cat No: 555518), anti-CD117 (clone
104D2, cat No: 340529), anti-HLA-ABC (clone G46-2.6, cat No: 555555), and anti-HLA-DR (clone G46-6, cat No: 560944) were
purchased from BD Biosciences and were all diluted at 1:100. For the antibodies used in immunocytochemical assessment including
the ones against luciferase (clone21, diluted at 1:200), GFAP (clone GA5, diluted at 1:1000), Tuj-1 (clone TU-20, diluted at 1:1000), or
MAP-2 (clone AP20, diluted at 1:300) were purchased from Millipore. Anti-!-Actin (clone mAbcam 8226, diluted at 1:1000) was
purchased from Abcam.

Antibody validation is based on previously published data.

anti-CD13 (clone WM15, Cat No: 555394), https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/
research-reagents/single-color-antibodies-ruo/pe-mouse-anti-human-cd13.555394



3

n
atu

re
p

o
rtfo

lio
|

rep
o

rtin
g

su
m

m
ary

M
a

rch
2021

Eukaryotic cell lines
Policy information about cell lines

Cell line source(s)
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Commonly misidentified lines
(See ICLAC register)

Animals and other organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals

anti-CD29 (clone MAR4, Cat No: 555443), https://www.bdbiosciences.com/en-sg/products/reagents/flow-cytometry-reagents/
research-reagents/single-color-antibodies-ruo/pe-mouse-anti-human-cd29.555443

anti-CD44 (clone G44-26, Cat No: 550988), https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/
research-reagents/single-color-antibodies-ruo/purified-mouse-anti-human-cd44.550988

anti-CD73 (1:100, clone AD2, Cat No: 550257), https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/
research-reagents/single-color-antibodies-ruo/pe-mouse-anti-human-cd73.550257

anti-CD90 (1:100, clone 5E10, Cat No: 559869), https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/
research-reagents/single-color-antibodies-ruo/apc-mouse-anti-human-cd90.559869

anti-CD105 (1:100, clone 266, Cat No: 560839), https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/
research-reagents/single-color-antibodies-ruo/pe-mouse-anti-human-cd105.560839

anti-CD166 (1:100, clone 3A6, Cat No: 559263), https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/
research-reagents/single-color-antibodies-ruo/pe-mouse-anti-human-cd166.559263

anti-CD49b (1:100, clone 12F1, Cat No: 555669), https://www.bdbiosciences.com/en-au/products/reagents/flow-cytometry-
reagents/research-reagents/single-color-antibodies-ruo/pe-mouse-anti-human-cd49b.555669

anti-CD1d(1:100, clone CD1d42, Cat No: 563505), https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-
reagents/research-reagents/single-color-antibodies-ruo/apc-mouse-anti-human-cd1d.563505

anti-CD3 (1:100, clone SK7, Cat No: 340542), https://www.bdbiosciences.com/en-nz/products/reagents/flow-cytometry-reagents/
clinical-diagnostics/single-color-antibodies-asr-ivd-ce-ivd/cd3-fitc.340542

anti-CD10 (clone HI10a, Cat No: 561002), https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/
research-reagents/single-color-antibodies-ruo/pe-mouse-anti-human-cd10.561002

anti-CD14 (clone M5E2, cat No: 561712), https://www.bdbiosciences.com/en-nz/products/reagents/flow-cytometry-reagents/
research-reagents/single-color-antibodies-ruo/fitc-mouse-anti-human-cd14.561712

anti-CD31 (clone MEC13.3, cat No: 557508), https://www.bdbiosciences.com/en-au/products/reagents/flow-cytometry-reagents/
research-reagents/single-color-antibodies-ruo/fitc-mouse-anti-human-cd31.557508

anti-CD34 (clone 581, cat No: 555824), https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/
research-reagents/single-color-antibodies-ruo/apc-mouse-anti-human-cd34.555824

anti-CD45 (clone HI30, 560975), https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-
reagents/single-color-antibodies-ruo/pe-mouse-anti-human-cd45.560975

anti-CD49d (clone 9F10, cat No: 560972), https://www.bdbiosciences.com/en-ca/products/reagents/flow-cytometry-reagents/
research-reagents/single-color-antibodies-ruo/pe-mouse-anti-human-cd49d.560972

anti-CD56 (clone B159, cat No: 555518), https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/
research-reagents/single-color-antibodies-ruo/apc-mouse-anti-human-cd56-ncam-1.555518

anti-CD117 (clone 104D2, cat No: 340529), https://www.bdbiosciences.com/en-au/products/reagents/flow-cytometry-reagents/
clinical-discovery-research/single-color-antibodies-ruo-gmp/pe-mouse-anti-human-cd117.340529

anti-HLA-ABC (clone G46-2.6, cat No: 555555), https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/
research-reagents/single-color-antibodies-ruo/apc-mouse-anti-human-hla-abc.555555

anti-HLA-DR (clone G46-6, cat No: 560944), https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/
research-reagents/single-color-antibodies-ruo/fitc-mouse-anti-human-hla-dr.560944

anti-luciferase (clone21, Millipore), https://www.merckmillipore.com/TW/zh/product/Anti-Luciferase-Antibody-
clone21,MM_NF-05-603

anti-GFAP (clone GA5, Millipore), https://www.merckmillipore.com/TW/zh/product/Anti-Glial-Fibrillary-Acidic-Protein-Antibody-
clone-GA5,MM_NF-MAB3402

anti-Tuj-1 (clone TU-20, Millipore), https://www.merckmillipore.com/TW/zh/product/Anti-Tubulin-Antibody-beta-III-isoform-CT-
clone-TU-20-Similar-to-TUJ1,MM_NF-MAB1637

anti-MAP-2 (clone AP20, Millipore), https://www.merckmillipore.com/TW/zh/product/Anti-MAP2-Antibody-clone-AP20,MM_NF-
MAB3418

anti-!-Actin (clone mAbcam 8226, Abcam), https://www.abcam.com/beta-actin-antibody-mabcam-8226-loading-control-
ab8226.html

Validation of the antibodies was according to the website of manufacturing company or was achieved using flow cytometry and IHC
staining.

F98 ((ATCC® CRL-2397™), GBM 8401(BCRC Number: 60163), 4T1(ATCC® CRL-2539™), UMSCs (The collected human umbilical
cord tissues approved by the Institutional Review Board (IRB) of the China Medical University Hospital in Taichung (ROC)).

The cell lines were authenticated by the supplier using morphology, karyotyping, and PCR-based approaches.

We did not detect contamination of the cells using Hoechst DNA stain method and agar culture method.

Not any misidentified line is used in this study.

The female rats strain F344/NNarl (RMRC21002) aged 8 weeks and the male mice strain C57BL/6JNarl (RMRC11005) aged 8 weeks
both were purchased from National Laboratory Animal Center, Taipei, Taiwan.
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Wild animals

Field-collected samples

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Human research participants
Policy information about studies involving human research participants

Population characteristics

Recruitment

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Flow Cytometry

Plots

Confirm that:

The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation

Instrument

Software

Cell population abundance

Gating strategy

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.

Magnetic resonance imaging

Experimental design

Design type

Design specifications

Housing condition: temperature:23±2°C; humidity: 50±10%; dark/light cycle: 12hour/12hour.

Not any wild animal was used in this study.

The study did not involve samples collected from the field.

National Animal Center of Taiwan, Ministry of Science and Technology (ROC), and Instituitional Committee of Animal Research of
China Medical University approved the animal experiments in this study under IACUC number CMU 2020-014.

To collect umbilical cord mesenchymal stem cells, 30 pregnant women were designed to be included in the studies for the
placenta donation. The inclusion criteria were (1) 34 weeks or longer pregnant with intact placenta, (2) free of complications
of pregnancy, and (3) healthy pregnant women and fetus. The exclusion criteria were (1) with critical illness such as diabetes,
immune-related diseases, or cancers, (2) asymptomatic hepatitis A,B or C carriers and syphilis patients, (3) being evaluated as
an improper case by the doctor, (4) having or have even been diagnosed with pulmonary tuberculosis, and (5) tested positive
with treponema pallidum, Chlamydia trachomatis, human T cell leukemia virus, West Nile Virus or Neisseria gonorrhea within
8 weeks prior to giving birth, and (6) ever being diagnosed withs Zika or HIV.

Written informed consent was acquired from the pregnant women. The pregnant women who agree to donate the placenta
and match the above characteristic were approached and recruited into the studies without any additional bias.

IRB: #CMUH-110-REC-1-068

Sample preparation was described at the "Method" part in manuscript.

BD FACSCanto II (#338962 FACSCanto Flow Cytometer)

FACSDiva software v9.3.2

The umbilical cord explants were cultured in DMEM containing 10% fetal calf serum (FCS, Gibco) and antibiotics at 37 °C in a
95% air/5% CO2 humidified atmosphere. They were left undisturbed for 5–7 days to allow for migration of the cells from the
explants. The cellular morphology of umbilical cord-derived mesenchymal stem cells (UMSCs) became homogenously spindle
shaped in cultures after 4–8 passages as shown in Figure S4, and the specific surface molecules of cells from the WJ were
characterized by flow cytometric analysis. The cells were detached with 2 mM EDTA in PBS, washed with PBS containing 2%
BSA and 0.1% sodium azide (Sigma, USA) and incubated with the respective antibody conjugated with fluorescein
isothiocyanate (FITC) or phycoerythrin (PE) including CD13, CD29,CD44,CD73,CD90, CD105,CD166, CD49b, CD1d, CD3, CD10,
CD14, CD31, CD34, CD45, CD49d, CD56, CD117, HLA-ABC, and HLA-DR (BD, PharMingen).

The gating strategies was performed based on the justification of first gate, exclusion of doublets by FSC-A and FSC-H,
exclusion of dead cells by selection of 7-AAD-/CD90+

To evaluate the targeting ability and accumulation of SNS in GBM via the signal from gadodiamide and nano iron in Gd-
FPFNP (In vivo). To evaluate the imaging ability of SNS (In vitro).

After injection of different groups as figure 4 listed, MRI was performed on F344 rats under anesthesia in a 3-Tesla (3-T)




