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promoting recovery in rats with spinal cord injury (SCI) through transcriptome sequencing analysis.
Methods
hemisection at the tenth thoracic vertebra (T10). The rats were then divided into two groups: the Cell and

Female SD rats aged two months were selected and a SCI model was established by a

Treadmill Training (CTMT) group, which received MenSCs transplantation and treadmill training after SClI,
and the SCI group (control), with 12 rats in each group. One week after modeling, the CTMT group received
a microinjection of 1x10° MenSCs at the injury site, followed by two weeks of weight-supported aerobic
exercise training. Spinal cord tissue from the injury site was selected for transcriptome sequencing, and
mRNA expression data from both the SCI and CTMT groups were analyzed. Differential gene expression,
GO (Gene Ontology) functional enrichment, KEGG (Kyoto Encyclopedia of Genes and Genomes) pathway
enrichment, and protein-protein interaction (PPI) network analyses were performed. Motor function
recovery was assessed using the Basso, Beattie, and Bresnahan (BBB) score, while histopathological
changes at the injury site were evaluated through hematoxylin-eosin (HE) staining. Real-time fluorescent
quantitative PCR and Western blotting were used to verify the expression of differentially expressed genes.
Results Transcriptome sequencing analysis showed 247 upregulated genes and 174 downregulated genes
in the CTMT group compared to the SCI group. Notably, genes such as Bdnf, Hmox1, Sd4, Mmp3, and Cd163
were significantly upregulated [|log2(FoldChange)|=0.66, P<0.05]. KEGG pathway enrichment analysis and
GO functional enrichment analysis indicated that these differentially expressed genes were mainly involved
in growth and development, metabolic reactions, and immune-inflammatory processes, such as axon
growth and the electron transport chain. The Bdnf gene was notably enriched in the PI3K-Akt signaling
pathway. The BBB score showed that MenSCs transplantation combined with exercise training significantly
improved the motor function of SCI rats. HE staining revealed that pathological changes at the injury site
were significantly reduced in the treatment group. Furthermore, real-time quantitative PCR and Western
blotting confirmed that brain-derived neurotrophic factor (BDNF) mRNA and protein expression levels in
The
combined exercise training with MenSCs effectively promotes the recovery of motor function in SCI rats by

the CTMT group were significantly higher than those in the SCI group (P<0.001). Conclusion

upregulating BDNF expression, providing a novel strategy for SCl treatment.
[Key words] Spinal cord injury; Transcriptome sequencing; Menstrual blood-derived stem cells; Exercise
training; Brain-derived neurotrophic factor; Rats
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Note: A showed the distribution of sample expression levels (FPKM, fragments per kilobase of exon model per million mapped fragments); in
the figure, the median, interquartile range and extreme values of the samples in SCI (spinal cord injury, as the control, n=3) group and the
CTMT (the transplantation of menstrual blood-derived stem cells combined with treadmill training after SCI surgery, n=3) group were
relatively close, which indicated that the sequencing results were more homogeneous within the group and the sequencing data quality was
high. B showed the principal components analysis (PC1, principal component 1; PC2, principal component 2), and the samples from the same
group were clustered together with close proximity, and the differences between samples mainly arose from intergroup differences.

E1 MAXRNSREARERNDERREAESHIRRMERD DT

Figure 1 Distribution of gene expression and principal component analysis of spinal cord tissue samples in the two groups

of rats

F1 EMTFHBEBERSEHIIGETEEBRHARNSREAAPEEZ AN TRARERA
Table 1 Significantly up-regulated and down-regulated genes in spinal cord tissues of spinal cord injury rats after
transplantation of menstrual blood-derived stem cells combined with exercise training

TXLAER  log2EREH RETRAER log2(ZREH
Up-regulated : (Iog2 ) tE PiE Down-regulated : (Iog2 | & PE
gene (FoldChange) tvalue Pvalue gene (FoldChange) tvalue Pvalue

Psme3 2542363895  2.672366157  0.040 381267 Ptpdcl -0.941169 616  -2.823151331  0.033 418 310
Fgd2 1.870409798 5277683881  0.002 476179 RT1-N2 -0.961937408 -3.508 946 559 0.014 746 432
Sdca 1591559898  2.530079 050 0.048 412 378 Cd79al -1.007 349 648  -3.292831274 0.018 934 378
Cthrel 1259963833 3177793692  0.021693 595 Sixd -1.071889332 -15.482205520 0.000 009 930
RGD1302996 1.205943 515 12.811980 370  0.000 027 300 Matn2 -1137472728  -3.927529 073 0.009 277 287
Rabepk 1.201118 420 2962815910  0.028 125989 Clec4a3 -1.273541156  -2.512270495 0.049 532 946
Bdnf 1.141 863 432 3525110815  0.001447754 || AABRO7051551.2 -1.308 692094 -2.825531707 0.033 319 465
Pkig 1.036 827364  6.255767217  0.001095 780 Cmtm3 -1.324596 882  -5.371453966 0.002 279 345
AABRO7065925.1  0.970924295  6.151591228  0.001189 396 Dpy1913 -1.623739520 -3.419084 313  0.016 347174
Ehmtl 0944670184  6.578534619  0.000 855 702 Cd74 -2.034 312055  -2.712776 259  0.038 372 308
AABR0O7062152.1  0.939321669  6.344499 009 0.001 022 741 Cxch3 -2.697 259120 -3.378916 162  0.017 124 825
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Note: A, in volcano plot, horizontal axis indicated the fold change in the gene expression, the vertical axis indicated the statistical

significance of differential gene expression profile, the red and blue dots indicated the upregulated and downregulated genes, respectively,

and the gray dots indicated the non-DEGs; B, in clustered heatmap, the horizontal axis indicated the sample names, the vertical axis

indicated gene names, the pink indicated highly expressed genes, and the blue indicated low expressed genes. SCI was the control group
(spinal cord injury, as the control, n=3), and CTMT was the cell and treadmill training group (the transplantation of menstrual blood-derived

stem cells combined with treadmill training after SCI surgery, n=3).
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Figure 2 Volcano plot and clustered heatmap of differentially expressed genes in spinal cord tissues between the two

groups of rats
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enrichment analysis. The X-axis represented the fold enrichment, the Y-axis represented the enrichment items, and the bubble size

indicated the number of genes enriched on each item. The larger the bubble, the greater the number of enriched genes. The color

corresponded to P-value. The darker the red color, the more significant the difference.
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Figure 3 GO enrichment and KEGG pathway enrichment analyses of differentially expressed genes in spinal cord tissues

of the two groups of rats
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Table 2 Results of KEGG pathway enrichment analysis of differentially expressed genes in spinal cord tissues of the two

groups of rats
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F: BRREXNMBAERT S (node) FIE (degree), SHTRERNERHEMZ, TolX;, SRERIERRZTSNERRLE
£iB, BeRARZTRNERREETE.

Note: The size of the dots represented the node and degree, the node with more connections had a larger size; the red color in the dots
represented the up-regulation of gene expression in this node, and the blue color represented the down-regulation of gene expression.
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Figure 4 Protein-protein interaction network of differentially expressed genes in spinal cord tissues of the two groups of

rats
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Figure 5 Menstrual blood-derived stem cells transplantation combined with treadmill training promotes motor function

recovery and BDNF expression in spinal cord injury rats
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