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Supplemental Methods 
 
 
 
BMSCs Culture and Flow Cytometry Analysis. 

Primary cultures of BMSCs were obtained from CD-1 donor mice under aseptic conditions. The 

mice were sacrificed with isoflurane and the both ends of the tibiae and femurs were cut off by 

scissors. A syringe fitted with 20-gauge needle was inserted into the shaft of the bone, and bone 

marrow was flushed out with culture medium (modified Eagle’s medium containing 10% fetal 

bovine serum, 2mM L-glutamine, 100 U/mL penicillin and 100 μg/mL streptomycin, 250 μg/mL 

Fungizone, all obtained from Gibco). After the centrifuge at 1000g for 5 min at room 

temperature, the pellet was resuspended in 2 ml fresh warm culture medium and mechanically 

dissociated, and the suspension was passed through a 40-µm cell strainer to remove debris. After 

the centrifuge the cells were resuspended at a concentration of 1×106 cells/ml. The cells were 

then incubated at 37°C in 5% CO2 in 75 cm2 cell culture flasks or 6-well culture plates. After 24 

hours, cells were washed gently with PBS and replaced with fresh culture media. Adherent cells 

were further cultured with a medium change every 2-3 days until confluence was reached (also 

see Supplemental Figure 1). 

The property of expanded cells was assessed by flow cytometry. The adherent cells were 

then harvested by incubation with 0.25% trypsin/1 mM EDTA, washed with PBS and counted by 

the hemocytometer. A single cell suspension of 1×106 cells was placed in 0.05 ml of staining 

buffer (eBioscience). The cells were incubated with saturating concentrations of fluorescein 

isothiocyanate (FITC)-conjugated monoclonal antibodies against CD45 (1:400, eBioscience) and 

CD90 (1:400, eBioscience) for 20 minutes on ice in the dark. Isotype matched FITC-conjugated 

immunoglobulin G antibodies (1:400, eBioscience) were used as controls. Cells were then 

washed three times with staining buffer, centrifuged at 1000g for 5 minutes, and resuspended in 

0.5 ml ice cold staining buffer. Flow cytometry analyses were performed on Becton-Dickinson 

FACS Vantage Sorter Flow Cytometer (BD Biosciences) and analyzed using FlowJo analysis 

software (TreeStar).  

 

Immunohistochemistry.   

As we reported previously (1), after appropriate survival times, animals were deeply anesthetized 

with isoflurane and perfused through the ascending aorta with PBS, followed by 4% 
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paraformaldehyde with 1.5% picric acid in 0.16 M phosphate buffer. After the perfusion, the 

lumbar spinal cord segments and DRGs were removed and postfixed in the same fixative 

overnight. Spinal cord sections (30 µm, free-floating) and DRG sections (12 µm) were cut in a 

cryostat and processed for immunofluorescence as we described previously (1). The sections 

were first blocked with 2% goat or horse serum for 1 h at room temperature. The sections were 

then incubated overnight at 4°C with the following primary antibodies: GFAP antibody (mouse, 

1:5000; Millipore Bioscience Research Reagents), IBA-1 antibody (rabbit, 1:1000, Wako), 

CGRP antibody (rabbit, 1:1000, Abcam), ATF3 antibody (rabbit, 1:1000, Santa Cruz), NeuN 

antibody (mouse, 1:1000, Millipore), and CD90 antibody (rat, 1:200, BD Pharmingen). The 

sections were then incubated for 1 h at room temperature with cyanine 3 (Cy3)- or FITC-

conjugated secondary antibodies (1:400; Jackson ImmunoResearch). Fluorescein labeled GSLI–

isolectin B4 (Vector laboratories) was used to perform IB4 staining (5 µg/ml) for 2 h at room 

temperature. For double immunofluorescence, sections were incubated with a mixture of 

polyclonal and monoclonal primary antibodies, followed by a mixture of FITC- and Cy3-

congugated secondary antibodies. In some cases DAPI (Vector laboratories) was used to stain 

cell nucleus. The stained sections were examined with a Nikon fluorescence microscope, and 

images were captured with a CCD Spot camera. We collected 6 spinal cord or DRG sections 

from each mouse for quantification. The intensity of fluorescence was analyzed using NIH 

Image J software. Some sections were also evaluated with a confocal microscope (Zeiss 510 

inverted confocal).  
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Supplemental Table-1: Summary of the published studies showing the effects of BMSCs in 
mouse, rat, and human pain conditions following local or systemic injection. 
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Supplementary Table 2: Sample size and numbers of mice used in each experiment. A total of 448 mice 
were used in this study.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Experiment Sample size Number of Groups Number of samples Number of mice

1. In vivo

1.1       Behavioral test n = 5‐6 mice 31 173 mice 173

1.2       RT‐PCR n = 4‐5 mice 4 17 mice 17

1.3       CSF Elisa analysis n = 4 mice 5 20 mice 20

1.4       Elisa for DRG tissues n = 4 mice 6 24 mice 24

1.5       Immunohistochemistry

1.5.1    DRG tissues n = 4‐5 mice 12 51 mice 51

1.5.2    Spinal cord tissues n = 4‐5 mice 7 31mice 31

2. Ex vivo

2.1  Patch‐clamp recording n = 5 neurons 8 40 neurons  22

3. In vitro

3.1        BMSCs culture

3.1.1    Flow cytometric analysis n = 6 cultures 5 30 cultures 15

3.1.2    Elisa n = 4‐8 cultures 8 36 cultures 20

3.1.3    Transwell chemotaxis n = 4 cultures 5 20 cultures 10

3.1.4    RT‐PCR n = 3 cultures 2 6 cultures 3

3.1.5    Intrathecal injection n = 125 cultures 62

448Total number of mice
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Supplemental Figure 1. Characterization of mouse BMSCs.  
(A) Typical images of mouse BMSCs cultures at 1, 5 and 9 days in vitro (div) after plating. Initially, 
the cultured cells are mostly spindle-shaped with large round nuclei and a few thin cell processes (left); 
cells then became locally confluent, growing in distinct colonies at 5 days (middle) and approached 
confluence at 9 days (right). Scale, 20 µm. (B-D) Flow cytometry analysis of cultured BMSCs at 9 
days after plating. Up panels, SSC versus FSC scatter graphs. Low panels, plots of the number of 
immunoreactive cells versus relative fluorescence intensities. Note that 88% of the cultured BMSCs 
are positive for the stem cell marker CD90 (C) and only 2% of the cells are positive for the 
hematopoietic marker CD45 (D). Isotype-matched IgG-FITC antibody (B) was used as control. 
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Supplemental Figure 2: The anti-allodynic and anti-hyperalgesic effects of intrathecal BMSCs 
(2.5×105) in earlier and later phases of CCI were reversed by the TGF-β1 neutralization. 
 (A-D) TGF-β neutralizing antibody (4 µg, i.t.), given at 1 day (A, B) or 24 days (C, D) after BMSCs 
injection, reverses BMSCs-induced inhibition of mechanical allodynia (A, C) and hyperalgesia (B, D) 
after CCI. n.s., no significance; *P<0.05, compared with control IgG group; n=5-6 mice per group. (E, 
F) TGF-β1 levels in CSF (E) and L5 DRGs (F) 28 days after BMSCs injection. *P<0.05, compared 
with vehicle group. n=5-7 mice per group. Statistical significance was determined by two-way ANOVA 
followed by Bonferroni post-hoc test (A-D) or Student's t test (E and F). All data are expressed as 
mean ± S.E.M. 
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Supplemental Figure 3. Effects of BMSCs, pre-treated with Tgfβ1 or control siRNA, on CCI-
induced thermal hyperalgesia in CCI mice.  
Intrathecal injection of non-targeting siRNA treated BMSCs (2.5×105) reversed thermal hyperalgesia 
for >14 d. However, this inhibitory effect was compromised when BMSCs were pre-treated with Tgfβ1 
siRNA. Arrow indicates the injection of BMSCs on CCI day 4. Note the difference between the two 
groups disappeared 2 weeks after the BMSCs injection. *P<0.05, compared with non-targeting control 
siRNA treated group. n=5 mice per group. Statistical significance was determined by Student's t test. 
Data are expressed as mean ± S.E.M. 
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Supplemental Figure 4: Intrathecal injection of CD90-negative cells produced mild and transient 
relief of neuropathic pain after CCI.  
(A, B) Intrathecal injection of CD90-negative cells, 2 weeks after CCI, only elicited mild and transient 
inhibition of CCI-induced mechanical allodynia (A) and heat hyperalgesia (B). *P<0.05, compared 
with vehicle group; n=6 mice/group. (C) ELISA analysis showing that CD90-negative cells secreted 
much less TGF-β1, compared to CD90-positive cells. *P<0.05, n=6 mice/group. Statistical 
significance was determined by two-way ANOVA followed by Bonferroni post-hoc test (A and B) or 
Student's t test (C). All data are expressed as mean ± S.E.M. 
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Supplemental Figure 5. TGF-β1 significantly attenuated CCI-induced thermal hyperalgesia 
through TGF-β receptor 1 (TGF-βR1).  
(A, B) Intrathecal injection (indicated with an arrow) of TGF-β1 (2 and 10 ng) dose-dependently 
suppressed thermal hyperalgesia 5 and 21 days after CCI. *P<0.05, compared with vehicle group; 
#P<0.05; n=5 mice per group. (C) Intrathecal injection (indicated with an arrow) of the TGF-βR1 
inhibitor SB413542 (100 pmol) blocked the effect of TGF-β1 (10 ng) on thermal hperalgesia. *P<0.05, 
compared with TGF-β1 group; n=4 mice for TGF-β1 group, n= 5 mice for TGF-β1 plus SB431542 
group. Statistical significance was determined by Two-way repeated-measures ANOVA followed by 
Bonferroni post-hoc test (A, B) or Student's t test (C). All data are expressed as mean ± S.E.M. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B

0

2

4

6

8

10

12

W
ith

dr
aw

al
 la

te
nc

y 
(s

)
BL CCI

21 d
4 h 24 h

Time after injection

*

A

0

2

4

6

8

10

12

BL CCI
5 d

4 h 24 h

Time after injection

*

W
ith

d
ra

w
al

 la
te

nc
y 

(s
)

Vehicle 

TGF-β1, 10 ng, i.t. 

0

2

4

6

8

10

12

BL CCI
19 d

4 h 24 h

Time after injection

*

TGF-β1 (10 ng, i.t.) 

TGF-β1 (10 ng, i.t.) 
+ SB413542 (100 pmol, i.t.)

W
ith

dr
aw

al
 la

te
nc

y 
(s

)

C

TGF-β1, 2 ng, i.t. 

#

#

Vehicle 

TGF-β1, 10 ng, i.t. 

TGF-β1, 2 ng, i.t. 



11 
 

 
 
Supplemental Figure 6.  Distribution of CM-Dil labeled BMSCs in spinal cord segments of CCI 
mice after intrathecal injection of Dil-labeled BMSCs.  
(A) Dil-labeling on spinal cord sections from cervical (C), thoracic (T), lumbar (L), and sacral (S) 
segments of CCI mice receiving i.t. injection of CM-Dil-labeled BMSCs (2.5×105, CCI-4 d). Animals 
were sacrificed 3 d after i.t. injection (7 d after CCI). Note a preferential accumulation of Dil-BMSCs 
on the edges of the spinal cord especially on the ipsilateral side. (A’) Enlargement of the box in A for 
the staining of Dil (left), DAPI (middle), and merged (right). Scales, 200 µm in A and 20 µm in A’.  
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Supplemental Figure 7. CXCL12/CXCR4 axis controls the migration of BMSCs in vitro.  
(A) Representative images of flow cytometric analysis showing surface expression of CXCR4 in 
BMSCs. Cells were stained with either specific anti-mouse CXCR4 antibody (right) or isotype-
matched control antibody (left). The percentage of CXCR4+ BMSCs is 18.84%. It is possible that cells 
with low expression of CXCR4 were not detected. (B) Representative images of the transwell 
migratory assay. CXCL12 induced BMSCs migration, which was inhibited by CXCR4 antagonist 
AMD3100. Scale, 20 µm. 
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Supplemental Figure 8. (A) Z-stack (1 m interval) confocal images showing CM-Dil labeled 
BMSCs (2.5×105) in the L5-DRG 28 d after the i.t. injection. Note the close-proximity of BMSCs 
with DRG neurons. Scale, 20 µm. (A’) Enlarged box in A. Arrows show the uptake of Dil-labeled 
particles by neurons adjacent to BMSCs, indicating active exchanges between neurons and BMSCs. 
Scale, 20 µm. Blue cells are DAPI-labeled nuclei.  (B) Double staining of CM-Dil labeled BMSCs 
with GFAP (satellite glial marker), IBA-1 (macrophage marker), and NeuN (neuronal marker) in L5-
DRGs 28 d after the i.t. injection of BMSCs. Note there is no co-localization with GFAP, IBA-1, and 
NeuN. Scales, 50 µm. 


