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Supplemental Experimental Procedures  

Isolation and expansion of hUC-MSCs  

Briefly, umbilical cord tissues collected within 2 h were disinfected with 75% ethanol 

and washed with 0.9% sodium chloride. Two arteries and one vein within the umbilical 

cord were dissected with surrounding Wharton’s Jelly and mechanically cut into 1-cm3 

fragments, then digested in a mixed enzyme solution consisting of 10 mg/ml type I 

collagenase (Thermo fisher, 17100017) and 1.25 mg/ml hyaluronidase (Sigma, H3506-

500mg) for ~3 h. Undigested tissue was removed by filtration and the released cells 

were washed twice with PBS and cultured in the hUC-MSC growth medium (low-

glucose DMEM (Corning, 10-014-CV) containing 10% FBS, 1% glutamine (Corning, 

25-005-CI), 1% MEM Nonessential Amino Acids (Thermo fisher, 11140050) and 1x 

penicillin/streptomycin (Corning, 30-002-CI-100ml)). Once the culture attained 80% 

confluency, the outgrown cells were passaged three times to remove unwanted cells 

and obtain the highest purity fraction for further study. 

Human cell quantification  

The number of survived hUC-MSCs transplanted in rat spinal cord was quantified 

through amplifying human-specific gene Xrcc5 in genomic DNA from the rat spinal 

cord using quantitative real-time PCR (qPCR). Basically, certain amount of spinal cord 

specimens and/or cells were lysed in the house-made DNA extraction buffer (1 M Tris-

HCl (pH 8.0), 0.5 M EDTA, 10% SDS, 5 M NaCl and 10 mg/ml proteinase K in ddH2O) 

by agitating at 55°C overnight. DNA was precipitated and dissolved in 10 mM Tris-

HCl. DNA concentrations were measured using the NanoDrop-1000 (Thermo Fisher 

Scientific, Inc., USA). qPCR was performed to quantify the level of Xrcc5 from 100 ng 

of genomic DNA in a 10-μl PCR reaction volume on the StepOnePlus™system 

(Applied Biosystems-Thermo Fisher Scientific, USA). Serial dilutions of human 



genomic DNA from hUC-MSCs (1000, 100, 10 and 1 cell) mixed with genomic DNA 

from plain rat spinal cord were used as the standard curve, and the theoretical number 

of hUC-MSCs in rat spinal cord was calculated accordingly. 

Cell-labeling with DID or DiR and in vivo imaging  

hUC-MSCs were labeled using lipophilic tracers DiD (aatbio, #22033) or DiR (aatbio, 

#22070) which are well excited at 633 nm and 750 nm, respectively. Briefly, 1×106 

cells/ml were incubated with 5 μM of DID or DiR working solution for 20 min at 37 °C. 

The labeled cells were washed twice before resuspending in 40ul of PBS for intrathecal 

injection using a micro-injection pump (R404, RWD, PRC). 5cm spinal cord tissue 

(from 1cm rostral to 4 cm caudal from lesion epicenter) was harvested at day 10 (d10) 

and day 20 (d20) post-transplantation and fluorescent images of spine transplanted with 

or without labeled MSCs were acquired using In vivo Imaging System FX Pro (Bruker, 

MIAB1339627). 

Principal component analysis (PCA)  

The top 1000 DEGs with the most differences (Sort by standard deviation value 

between samples) were used to perform PCA. Plot3D (v1.3) R package was used to 

plot the figure. 

Axon regeneration of mature cortical neuron in vitro  

Primary cultures of rat cortical neurons and mature cortical axon scrape assay were 

performed as described previously [1]. Briefly, brains were removed from E18 Sprague-

Dawley rat fetuses and cortical tissues were dissected and minced into small pieces. 

Chunks of cortex were dissociated in the dissection medium (DMEM (Corning, 10-013) 

supplemented with the B-27™ Supplement (Thermo Fisher, 17504044), 1 mM sodium 

pyruvate (Solarbio, sp0100), and 10 μg/ml gentamicin (Macklin, G810322-25g)) 

containing 4.2 mg/ml papain (KEH, 9001-73-4) and 0.02 mg/ml DNase I (Roche, 



4716728001) for 1 h at 37 oC under gentle shaking. After enzyme digestion, cells were 

further dispersed by mechanical trituration and filtered through a 70-μm cell strainer. 

Cells were resuspended in the Neurobasal (Gibco, 21103-049) supplemented with the 

B-27, 0.5 mM GultaMAX-I (Thermo Fisher, 35050061), and 10 μg/ml gentamicin. 

1.6×105 cells/well were plated in 24-well culture plates coated with 10 μg/ml poly-D-

lysine (Sigma, P6407-5MG). 50% of culture medium was replaced every 7 days. On 

day 21 in vitro (DIV), 24-well cultures were scraped using the tip of a 10-μl pipette tip. 

Co-culture with hUC-MSCs was started 12 h post injury. Neurons were co-cultured 

with 0.8×104 hUC-MSCs, plated in the 24-well trans-well upper chamber with a 0.4-

μm filter membrane (Corning, 353095) for 7 days. 50 ng/ml recombinant human BDNF 

(rhBDNF; Genscript, Z03208) was used as positive control. Cultures were then fixed 

and immunostained with different primary and secondary antibodies (Table S3). Images 

were obtained on an Olympus Fluoview FV1000 inverted fluorescence microscope. 

The immunofluorescence intensity of each protein was determined using the ImageJ 

software. 
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Figure S1 hUC-MSC transplantation exhibits functional recovery in the rat model 

of subacute SCI. (A) Representative fluorescence images of 5-cm rat spinal cords 

dissected after intrathecally injected with hUC-MSCs labeled with DiD (top) or DIR 

(bottom) at day 10 (d10) and day 20 (d20) post-transplantation. The spinal cords 

injected with PBS or DID working solution were used as negative controls. R, rostral; 



C, caudal. (B) Real-time qPCR to quantify the number of survived hUC-MSCs in the 

rat spinal cords at d10 and d20 post-transplantation (n = 4). Data are presented as mean 

± SEM. (C) A series of behavioral tests to evaluate the effects of hUC-MSCs on the 

functional recovery after SCI (n = 12/group/time point). The color key is used for C 

and E. Data are presented as mean ± SEM. n.s., not significant; ****p < 0.0001 by two-

way ANOVA. (D) Representative MEP recordings of rats treated with or without hUC-

MSCs at 4 wpt (n = 6/group). (E) Quantification and statistical analyses of D. Data are 

presented as mean ± SEM. n.s., not significant; ****p < 0.0001 by one-way ANOVA. 

(F) PCA of all samples. (G) Heat map of hierarchical clustering of all 26 samples based 

on the top 5000 DEGs. 



Figure S2 hUC-MSC transplantation increases GABAARs in the injured spinal 

cord. (A) Time course of real-time PCR validation of hUC-MSC-activated GABA 



receptor subunits in rat model of subacute SCI treated with or without hUC-MSCs (n 

= 3). Results are displayed as mean ± SEM. *p < 0.05; **p < 0.01; ***p < 0.001 by 

two-way ANOVA. (B) Representative IF images of transverse spinal cord sections 

from the Intact, -MSC and +MSC groups at 4 wpt immunostained with Gabra1, 

Gabra3, Gabra5, Gabrb3, Gabrg2, KCC2 (red) and NeuN (green). Lower panels, 

higher magnification view of the region indicated by the white rectangle in main 

panels. Scale bar, 500 μm (main panels), 100 μm (lower panels). 



 

Figure S3 BDNF knockdown abrogates the effects of hUC-MSCs on axonal 

regeneration and the induction of GABAARs in neurons after axonal lesion in vitro. 

(A) Schematic for hUC-MSC-mediated mature cortical axon regeneration. (B) Real 

time-PCR to measure BDNF knockdown in hUC-MSCs (n = 3/group). Luc, Luciferase. 



(C) Western blot analysis of BDNF in hUC-MSCs transduced with the lentiviral shluc 

and shBDNF (n = 3/group). In B and C, data are presented as mean ± SEM. ****p < 

0.0001 by unpaired 2-tailed Student’s t test. (D) Representative IF staining of 

regenerated axons of mature cortical neurons at day 0 and 7 after axotomy with 

indicated treatments, i.e., 50 ng/ml rhBDNF, without or with hUC-MSCs, shluc and 

shBDNF transduced hUC-MSCs. Neurons were co-stained with anti-βIII tubulin 

(green), and anti-Gabrb3 (red), Gabrg2 (red), and KCC2 (red) antibodies. Scratch and 

non-scratch zones are denoted by the curly braces. Scale bars, 100 μm. (E) 

Quantification of βIII tubulin-positive regenerating axons in the scratched zone in D (n 

= 18). (F) Quantification of immunofluorescence intensities for Gabrb3, Gabrg2 and 

KCC2 in the non-scratched zone in D (n = 6). The color key is used for both E and F. 

The images were obtained from three independent experiments. The data are presented 

as mean ± SEM. n.s., not significant; *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 

0.0001 by one-way ANOVA. 

 

Figure S4 The transplantation of hUC-MSCs with either BDNF overexpression or 

knockdown into rats with sub-SCI. (A) The experimental scheme for investigating 

the role of BDNF secreted by hUC-MSCs on SCI repair in the rat models. (B) Real-

time qPCR validation of BDNF overexpression in hUC-MSCs (n = 3/group). (C) 



Western blotting and quantification analyses of BDNF overexpression in hUC-MSCs 

(n = 3/group). Results are displayed as mean ± SEM. ****p < 0.0001 by one-way 

ANOVA. 



 

Table S1. GO and KEGG analyses of hUC-MSC-reversed genes. 

 

 

 

 

 



 

 

 

 



 

 

 

 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 



 

 

 
 
 
 
 
 

Table S2. Representative GO terms containing GABAARs in hUC-MSC-activated 

genes. 

 
 
 
 
 
 
 
 
 



Table S3. Antibodies. 

 
 
 
 
Table S4. Primers. 
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