
Genetic autophagy enhancement improves neuroinflammation and recovery after 

spinal cord injury via transcriptomic modulation 

 

Zhuofan Lei, Yun Li, Hui Li, Junfang Wu* 

 

Department of Anesthesiology and Center for Shock, Trauma and Anesthesiology Research 

(STAR), University of Maryland School of Medicine, Baltimore, MD 21201, USA. 

 

 

 

 

*Corresponding authors 

Junfang Wu, email:  Junfang.Wu@som.umaryland.edu, phone:  410-706-5189 

 

 

Supplementary Information 

Supplemental Information comprises nine supplemental figures with corresponding legends and 

two supplemental tables. 
 
 
 
 
 
 
 
 
 
 



 

 
 

Supplementary Figure 1. Genetic enhancement of autophagy in Becn1F121A/F121A mice 
(BMut) shows different gene responses in pathways of Cell Cycle, DNA damage, and Matrix 
Remodeling in inured spinal cord tissues (SPC) at 3 days post-injury. (A) A heatmap of gene 

z-scores involved in Cell Cycle pathway based on the differential expressed genes (DEGs) from 

Fig.1C. (B) Box plots of the representative genes among the four groups included in (A). (C-F) 
Heatmaps and box plots were displayed for pathways of DNA damage (C-D) and Matrix 

Remodeling (E-F). n=6 mice (Sham) and 5 mice (SCI) each group. 

 
 
 
 
 
 
 



 
Supplementary Figure 2. Comparative transcriptomic profiling of spinal cord tissues 
(SPC), somatosensory cortex (Cx), and hippocampus (Hi) between Becn1F121A/F121A (BMut) 
and WT mice at 10 weeks after SCI. (A) Partial Least Squares Discriminant Analysis (PLS-DA) 

plot of the raw RNA-seq data from SPC indicated that the two main principal components of 

variation were captured on the x- and y-axis, respectively, showing a clear separation of clusters 

between the Sham (Sh) and SCI groups. (B) Gene expression profiles from SPC RNA-seq were 

visualized as z-score heatmaps, with top 20 genes marked based on PLS-DA. (C-F) The PLS-

DA plots and heatmaps of the RNAseq data were shown for Cx (C-D) and Hi (E-F). n=5 mice 

(Sham) and 4 mice (SCI) each group. 

 

 

 



Supplementary Figure 3. Chronic SCI potentiates the immune response and activated 
autophagy-lysosome pathways in spinal cord tissue (SPC) of both Becn1F121A/F121A and WT 
mice. (A) The volcano plot displayed the significance and fold changes of all genes from the 

differential expression analysis comparing the injury effect in SPC of SCI versus Sham. (B) Top 

10 enriched GO terms derived from DEGs showing a significant injury effect in (A). (C) Top 10 

GO terms related to Autophagy process. (D) Top 10 GO terms related to inflammation and 

immune responses. (E) GSEA terms indicating dysregulation of autophagy-related signaling 

pathways. (F) Neuroinflammation-related functional pathways that were upregulated or 

downregulated according to GSEA. 



 

Supplementary Figure 4. Becn1F121A/F121A mutation (BMut) alters the expression of genes 
involved in autophagy- and inflammation-related pathways in spinal cord tissue (SPC) 10 
weeks after SCI. (A) The volcano plot displays the significance and fold changes of all genes 

from the differential expression analysis of the genotype effect in SPC, comparing BMut to WT. 

(B) Top 10 enriched GO terms derived from DEGs with significant genotype effect in (A). (C) Top 

GO terms related to Autophagy process. (D) Top GO terms related to inflammation and immune 

responses. (E) GSEA terms indicating the activation or suppression of Autophagy related 

signaling pathways. (F) Functionally activated or suppressed neuroinflammatory pathways 

identified by GSEA. 

 



 

Supplementary Figure 5. SCI impairs autophagy-lysosome pathways with inflammatory 
homeostasis perturbed in somatosensory cortex (Cx) 10 weeks after SCI. (A) The volcano 

plot displayed the significance and fold changes of all genes from the differential expression 

genes (DEGs) analysis of injury effects in the Cx (SCI vs. Sham). (B) Top 10 enriched GO terms 

derived from DEGs with significant injury effect in (A). (C) Top 10 GO terms related to Autophagy 

process. (D) Top 10 GO terms related to inflammation and immune responses. (E) Gene Set 

Enrichment Analysis (GSEA) terms indicating the dysregulation of Autophagy related signaling 

pathways. (F) Neuroinflammation-related pathways found to be up- or down-regulated based on 

GSEA. 

 



Supplementary Figure 6. Becn1F121A/F121A mutation mitigates immune responses by 
regulating autophagy-lysosome pathways in somatosensory cortex (Cx). (A) The volcano 

plot displays the significance and fold changes of all genes from the differential expression genes 

(DEGs) analysis of genotype effects in the Cx (BMut vs. WT). (B) Top 10 enriched GO terms 

derived from DEGs with significant injury effect in (A). (C) Top GO terms related to Autophagy 

process. (D) Top GO terms related to inflammation and immune responses. (E) Gene Set 

Enrichment Analysis (GSEA) revealed suppression of the 'Lysosome Localization' pathway and 

activation of the 'Oxidative Phosphorylation' pathway, both related to autophagy. (F) GSEA 

identified terms associated with the suppression of neuroinflammation-related signaling 

pathways. 



 



Supplementary Figure 7. SCI dysregulates Autophagy-lysosome signaling and immune 
responses in mouse hippocampus 10 weeks post-injury. (A) The volcano plot displays the 

significance and fold changes of all genes from the differential expression genes (DEGs) analysis 

of injury effects in the hippocampus (SCI vs. Sham). (B) Top 10 enriched GO terms derived from 

DEGs with significant injury effect in (A). (C) Top GO terms related to Autophagy process. (D) 
Top 10 GO terms related to inflammation and immune responses. (E-F) GSEA terms showing 

activation or suppression of autophagy-related signaling pathways (E) and neuroinflammation-

related functional pathways (F). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Figure 8. Becn1F121A/F121A mutation (BMut) regulates autophagy-lysosome 
pathways accompanied by alleviated proinflammatory responses in the hippocampus (Hi). 
(A) The volcano plot shows the significance and fold changes of all genes from the differential 

expression genes (DEGs) analysis of genotype effects in the hippocampus (BMut vs. WT). (B) 
Top 10 enriched GO terms derived from DEGs with significant injury effect in (A). (C) Top GO 

terms related to Autophagy process. (D) Top GO terms related to inflammation and immune 

responses. (E-F) GSEA terms showing conversely regulation of multiple Autophagy-related 

signaling pathways (E) and suppressed functional pathway of “Cell Chemotaxis” and “Regulation 

of Chemotaxis” (F). 



 
Supplementary Figure 9. Becn1F121A/F121A mutation (BMut) altes microglial responses to SCI 
in somatosensory cortex (Cx). (A) Representative confocal images showed microglia stained 

by Iba-1 with DAPI in mice Cx. (B) Microglial cell numbers were quantified per field of view under 

100x magnification. n=5 mice/group. (C) Typical morphological characteristics revealed the 

different response to SCI in microglia cells in Cx of BMut mice compared to WT. N=170 cells from 

5 WT.Sham mice; N=196 cells from 5 Bmut.Sham mice; N=262 cells from 5 WT.SCI mice; N=178 

cells from 5 BMut.SCI mice. (D) Representative images of Cx microglia cells after MotiQ 

processing. Scale bars=20 μm (A) and 50 μm (D). *p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; 

Two-way ANOVA with Turkey’s test for (B-C). 

 
 
 
 
 
 
 



 
 
 

P values corresponding to genotype, injury, and their interaction were determined for each 
pathway using two-way ANOVA. n=6 mice (Sham) and 5 mice (SCI) each group. 
 
 
 
 
 
 
 
 

Supplemental Table 1. Becn1F121A/F121A mutation (BMut) modulates pathway 
enrichment scores of the NanoString Neuroinflammation Panel in acutely injured 
spinal cord tissue (SPC). 



Supplemental Table 2. Becn1F121A/F121A mutation (BMut) alters the gene enrichment 
scores in the pathways of "Autophagy", "Inflammatory Signaling", "Microglia 
Function", "Adaptive Immune Response", "Innate Immune Response", "Cell 
Cycle", "DNA Damage", and "Matrix Remodeling". Spinal cord tissues were harvested 

at 3 days after SCI and analyzed by the Nanostring Neuroinflammation panel. 

P values corresponding to genotype, injury, and their interaction were determined for each 
pathway using two-way ANOVA. n=6 mice (Sham) and 5 mice (SCI) each group. 
 
 


