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Table S1. Relationship between GO biological processes and cerebral ischemia supported by 

previous literature between BA, JA and UA-RM
E
s. 

Groups GO biological processes  References 
Whether related to 

CI 

BA and UA Regulation of binding 1,2 Yes 

JA and UA Secretion by cell 3 Yes 

BA 

Negative regulation of ubiquitin-protein 

ligase activity involved in mitotic cell 

cycle         

4,5 Yes 

Regulation of JAK-STAT cascade     6 Yes 

Positive regulation of protein transport 7 Yes  

Translational elongation 8 Yes 

Skeletal myofibril assembly 9 Yes 

Signal transduction 10 Yes 

Generation of precursor metabolites and 

energy 
11 Yes 

Oxaloacetate metabolic process 12 Yes 

JA 

Branched chain family amino acid 

catabolic process 
13 Yes 

Negative regulation of DNA replication 14 Yes 

Nuclear export 15 Yes 

Establishment of protein localization 16 Yes 

Sister chromatid cohesion not reported \ 

Cellular homeostasis 17 Yes 

UA 
Peroxisome membrane biogenesis not reported \ 

Purine base metabolic process 18 Yes 

Note: CI = cerebral ischemia; RM
E
s = emerged responsive modules 
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Table S2. Relationship between GO biological processes and cerebral ischemia supported by 

previous literature between BA, JA and UA-RM
D
s. 

Groups GO biological processes References 
Whether related to 

CI 

BA,JA and 

UA 
mRNA polyadenylation 1       Yes 

BA,JA and 

UA 
Lipoate metabolic process 2,3       Yes 

BA and JA 
Regulation of cellular protein metabolic 

process 
4 Yes 

JA and UA 

Methylation 5 Yes 

Regulation of kinase activity 6  Yes 

Regulation of transcription elongation, 

DNA-dependent 
7  No 

Misfolded or incompletely synthesized 

protein catabolic process 
8  Yes 

BA and UA 

Negative regulation of phosphorylation 9 Yes 

Positive regulation of cellular component 

organization 
not reported \ 

Protein ADP-ribosylation 10 Yes 

Complement activation, classical pathway 11 Yes 

Sensory perception of pain 12 Yes 

   

BA 

Regulation of gene expression 13 Yes 

Golgi transport vesicle coating not reported \ 

Maintenance of protein location in cell not reported \ 

JA RNA stabilization 14 Yes 

 

UA 

Regulation of cellular biosynthetic process 15 Yes 

Negative regulation of transport 16 Yes 

 Tricarboxylic acid cycle 17 Yes 

Note: CI = cerebral ischemia; RM
D
s = disappeared responsive modules. 
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Table S3. Relationship between GO biological processes and cerebral ischemia supported by 

previous literature of BJ and JU-RM
E
s. 

Groups GO biological processes     References 
Whether related 

to CI 

 Regulation of macromolecule 

metabolic process 
not reported \ 

 Ribosome biogenesis not reported \ 

BJ Induction of apoptosis   1,2 Yes 

 Transcription from RNA polymerase 

II promoter 
not reported \ 

 Cell cycle process 3 Yes 

 Regulation of establishment of 

protein localization in plasma 

membrane 

not reported \ 

 Localization 4,5 Yes 

     

 

JU 

Positive regulation of nitrogen 

compound metabolic process 
not reported \ 

 
MyD88-dependent toll-like receptor 

signaling pathway 
6,7 Yes 

Note: CI = cerebral ischemia; RM
E
s = emerged responsive modules. 
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Table S4. Relationship between GO biological processes and cerebral ischemia supported by 

previous literature of BJ and JU-RM
D
s. 

Groups GO biological processes     References 
Whether related 

to CI 

 Regulation of cellular 

biosynthetic process 
not reported \ 

 Vesicle docking involved in 

exocytosis   
not reported \ 

 Chordate embryonic 

development 
not reported \ 

BJ Nucleotide-excision repair 1,2 Yes 

 2-deoxyribonucleotide metabolic 

process 
not reported \ 

 Catabolic process   3 Yes 

 Epithelial structure 

maintenance 
not reported \ 

 Nucleotide-excision repair 1,2 Yes 

JU Golgi transport vesicle coating not reported \ 

 Epithelial structure 

maintenance 
not reported \ 

Note: CI = cerebral ischemia; RM
D
s = disappeared responsive modules. 

References 

1.Tomasevic G, Kamme F, Wieloch T. Changes in proliferating cell nuclear antigen, a protein involved 

in DNA repair, in vulnerable hippocampal neurons following global cerebral ischemia. Brain Res Mol 

Brain Res. 1998;60:168-76. 

2.Martin LJ1.J Neuropatho.DNA damage and repair: relevance to mechanisms of 

neurodegeneration.Exp Neurol. 2008;67:377-87.  

3. Springer J, Schust S, Peske K, Tschirner A, Rex A, Engel O, et al. Catabolic signaling and muscle 

wasting after acute ischemic stroke in mice: indication for a stroke-specific sarcopenia. Stroke. 

2014;45:3675-83. 
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Table S5. Relationship between pathways on RM
E
s and cerebral ischemia supported by previous 

literature. 

Groups GO biological processes Pathway References 
Whether 

related to CI 

BA and BJ 

Negative regulation of 

ubiquitin-protein ligase 

activity involved in 

mitotic cell cycle 

Proteasome 1,2,3 Yes 

JA and JU 
Establishment of protein 

localization 
Endocytosis 4,5 Yes 

BA 
Generation of precursor 

metabolites and energy 

Starch and sucrose 

metabolism 
not reported \ 

 

 

JA 

Branched chain family 

amino acid catabolic 

process 

Valine,leucine and 

isoleucine 

degradation 

6 Yes 

 
Negative regulation of 

DNA replication 
Cell cycle 7 Yes 

UA Secretion by cell 

SNARE 

interactions in 

vesicular transport 

8 Yes 

JU 

Positive regulation of 

nitrogen compound 

metabolic process 

NOD-like receptor 

signaling pathway 
9 Yes 

Antigen processing 

and presentatio 
not reported \ 

Note: We just enriched the pathways that correspond to the differential functions. 

     CI = cerebral ischemia; RM
E
s = emerged responsive modules. 
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Table S6. Relationship between pathways on RM
D
s and cerebral ischemia supported by previous 

literature.  

Note: We just enriched the pathways that correspond to the differential functions. 

     CI = cerebral ischemia; RM
D
s = disappeared responsive modules. 

References 

1.Kimberly WT, Wang Y, Pham L, Furie KL, Gerszten RE.Metabolite profiling identifies a branched 

chain amino acid signature in acute cardioembolic stroke. Stroke. 2013;44:1389-95. 

2. Luo Y, Ji X, Ling F, Li W, Zhang F, Cao G, Chen J. Impaired DNA repair via the base-excision repair 

pathway after focal ischemic brain injury: a protein phosphorylation-dependent mechanism reversed by 

hypothermic neuroprotection. Front Biosci. 2007;12:1852-62. 

3. He W, Xu X, Lv Q, Guo L. Low dose ZD7288 attenuates the ischemia/reperfusion-induced 

impairment of long-term potentiation induction at hippocampal Schaffer collateral-CA1 synapses. 

Cell Mol Neurobiol. 2014;34:611-7. 

4. Perju-Dumbrava L, Zeiler K, Kapiotis S, Deecke L. Anticardiolipin-antibodies in stroke and in other 

neurological disorders. Rom J Neurol Psychiatry. 1995;33:137-43. 

5. Yang J, Ahn HN, Chang M, Narasimhan P, Chan PH, Song YS. Complement component 3 inhibition 

Groups 
GO biological 

processes 
Pathway References 

Whether 

related to CI 

BA, JA, JU and 

UA 

Branched chain 

family amino acid 

catabolic process 

Valine, leucine and 

isoleucine 

degradation 

1 Yes 

BA,UA and BJ 

Protein 

ADP-ribosylation 
Base excision repair 2 Yes 

Sensory perception 

of pain 

Long-term 

potentiation 
3 Yes 

BA and UA 

Complement 

activation, classical 

pathway 

Systemic lupus 

erythematosus 

 

4 Yes 

Complement and 

coagulation cascades 
5,6,7 Yes 

Prion diseases 8 Yes 

BJ and JU Catabolic process 
Nucleotide excision 

repair 
9 Yes 

BA 

Positive regulation 

of cellular 

component 

organization 

mTOR si gnaling 

pathway 
10 Yes 

Insulin signaling 

pathway 
11  

Prostate cancer 12 Yes 

JA Secretion by cell 
Neurotrophin 

signaling pathway 
13 Yes 

UA 
Tricarboxylic acid 

cycle 

Citrate cycle (TCA 

cycle) 
14 Yes 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Kimberly%20WT%5BAuthor%5D&cauthor=true&cauthor_uid=23520238
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23520238
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pham%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23520238
http://www.ncbi.nlm.nih.gov/pubmed/?term=Furie%20KL%5BAuthor%5D&cauthor=true&cauthor_uid=23520238
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gerszten%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=23520238
http://www.ncbi.nlm.nih.gov/pubmed/23520238
http://www.ncbi.nlm.nih.gov/pubmed/?term=Luo%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=17127426
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ji%20X%5BAuthor%5D&cauthor=true&cauthor_uid=17127426
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ling%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17127426
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20W%5BAuthor%5D&cauthor=true&cauthor_uid=17127426
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17127426
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cao%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17127426
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17127426
http://www.ncbi.nlm.nih.gov/pubmed/17127426
http://www.ncbi.nlm.nih.gov/pubmed/?term=He%20W%5BAuthor%5D&cauthor=true&cauthor_uid=24659082
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=24659082
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lv%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=24659082
http://www.ncbi.nlm.nih.gov/pubmed/?term=Guo%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24659082
http://www.ncbi.nlm.nih.gov/pubmed/24659082
http://www.ncbi.nlm.nih.gov/pubmed/?term=Perju-Dumbrava%20L%5BAuthor%5D&cauthor=true&cauthor_uid=7547377
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zeiler%20K%5BAuthor%5D&cauthor=true&cauthor_uid=7547377
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kapiotis%20S%5BAuthor%5D&cauthor=true&cauthor_uid=7547377
http://www.ncbi.nlm.nih.gov/pubmed/?term=Deecke%20L%5BAuthor%5D&cauthor=true&cauthor_uid=7547377
http://www.ncbi.nlm.nih.gov/pubmed/7547377
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23199288
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ahn%20HN%5BAuthor%5D&cauthor=true&cauthor_uid=23199288
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chang%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23199288
http://www.ncbi.nlm.nih.gov/pubmed/?term=Narasimhan%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23199288
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chan%20PH%5BAuthor%5D&cauthor=true&cauthor_uid=23199288
http://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20YS%5BAuthor%5D&cauthor=true&cauthor_uid=23199288
http://david.abcc.ncifcrf.gov/kegg.jsp?path=mmu00280$Valine,%20leucine%20and%20isoleucine%20degradation&termId=470049157&source=kegg
http://david.abcc.ncifcrf.gov/kegg.jsp?path=mmu00280$Valine,%20leucine%20and%20isoleucine%20degradation&termId=470049157&source=kegg
http://david.abcc.ncifcrf.gov/kegg.jsp?path=mmu00280$Valine,%20leucine%20and%20isoleucine%20degradation&termId=470049157&source=kegg
http://david.abcc.ncifcrf.gov/kegg.jsp?path=mmu03410$Base%20excision%20repair&termId=470049231&source=kegg
http://david.abcc.ncifcrf.gov/kegg.jsp?path=mmu05322$Systemic%20lupus%20erythematosus&termId=470049322&source=kegg
http://david.abcc.ncifcrf.gov/kegg.jsp?path=mmu05322$Systemic%20lupus%20erythematosus&termId=470049322&source=kegg
http://david.abcc.ncifcrf.gov/kegg.jsp?path=mmu04610$Complement%20and%20coagulation%20cascades&termId=470049268&source=kegg
http://david.abcc.ncifcrf.gov/kegg.jsp?path=mmu04610$Complement%20and%20coagulation%20cascades&termId=470049268&source=kegg
http://david.abcc.ncifcrf.gov/kegg.jsp?path=mmu05020$Prion%20diseases&termId=470049304&source=kegg
http://david.abcc.ncifcrf.gov/kegg.jsp?path=mmu04150$mTOR%20signaling%20pathway&termId=470049251&source=kegg
http://david.abcc.ncifcrf.gov/kegg.jsp?path=mmu04150$mTOR%20signaling%20pathway&termId=470049251&source=kegg
http://david.abcc.ncifcrf.gov/kegg.jsp?path=mmu04910$Insulin%20signaling%20pathway&termId=470049291&source=kegg
http://david.abcc.ncifcrf.gov/kegg.jsp?path=mmu04910$Insulin%20signaling%20pathway&termId=470049291&source=kegg
http://david.abcc.ncifcrf.gov/kegg.jsp?path=mmu05215$Prostate%20cancer&termId=470049311&source=kegg
http://david.abcc.ncifcrf.gov/kegg.jsp?path=mmu04722$Neurotrophin%20signaling%20pathway&termId=470049286&source=kegg
http://david.abcc.ncifcrf.gov/kegg.jsp?path=mmu04722$Neurotrophin%20signaling%20pathway&termId=470049286&source=kegg
http://david.abcc.ncifcrf.gov/kegg.jsp?path=mmu00020$Citrate%20cycle%20(TCA%20cycle)&termId=470049135&source=kegg
http://david.abcc.ncifcrf.gov/kegg.jsp?path=mmu00020$Citrate%20cycle%20(TCA%20cycle)&termId=470049135&source=kegg


10 

 

by an antioxidant is neuroprotective after cerebral ischemia and reperfusion in mice. J Neurochem. 

2013;124:523-35.  

6. Duehrkop C, Rieben R. Ischemia/reperfusion injury: effect of simultaneous inhibition of plasma 

cascade systems versus specific complement inhibition. Biochem Pharmacol. 2014;88:12-22.  

7. Oikonomopoulou K, Ricklin D, Ward PA, Lambris JD. Interactions between coagulation and 

complement--their role in inflammation. Semin Immunopathol. 2012;34:151-65.  

8. Shyu WC, Lin SZ, Chiang MF, Ding DC, Li KW, Chen SF, et al. Overexpression of PrPC by 

adenovirus-mediated gene targeting reduces ischemic injury in a stroke rat model. J Neurosci. 

2005;25:8967-77. 

9. Tomasevic G, Kamme F, Wieloch T. Changes in proliferating cell nuclear antigen, a protein involved 

in DNA repair, in vulnerable hippocampal neurons following global cerebral ischemia. Brain Res Mol 

Brain Res. 1998;60:168-76. 

10. Li CY, Li X, Liu SF, Qu WS, Wang W, Tian DS. Inhibition of mTOR pathway restrains astrocyte 

proliferation, migration and production of inflammatory mediators after oxygen-glucose deprivation 

and reoxygenation. Neurochem Int. 2015;83-84:9-18. 

11. Shu X, Zhang Y, Xu H, Kang K, Cai D. Brain-derived neurotrophic factor inhibits glucose 

intolerance after cerebral ischemia. Neural Regen Res. 2013;8:2370-8. 

12.Yang Y, Bai X, Dong H, Lu Y, Xiong L. Intracerebroventricular injection of human prostatic acid 

phosphatase has potent neuroprotective effects against transient focal cerebral ischemia in rats. 

Neurosci Lett. 2011;504:321-4. 

13.Choi Y, Kang SG, Kam KY. Changes in the BDNF-immunopositive cell population of neocortical 

layers I and II/III after focal cerebral ischemia in rats. Brain Res. 2015;1605:76-82. 14.Nordström CH, 

Rehncrona S, Siesjö BK. Effects of phenobarbital in cerebral ischemia. Part II: restitution of cerebral 

energy state, as well as of glycolytic metabolites, citric acid cycle intermediates and associated amino 

acids after pronounced incomplete ischemia. Stroke. 1978;9:335-43. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/23199288
http://www.ncbi.nlm.nih.gov/pubmed/?term=Duehrkop%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24384116
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rieben%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24384116
http://www.ncbi.nlm.nih.gov/pubmed/24384116
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oikonomopoulou%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21811895
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ricklin%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21811895
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ward%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=21811895
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lambris%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=21811895
http://www.ncbi.nlm.nih.gov/pubmed/21811895
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shyu%20WC%5BAuthor%5D&cauthor=true&cauthor_uid=16192387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20SZ%5BAuthor%5D&cauthor=true&cauthor_uid=16192387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chiang%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=16192387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ding%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=16192387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20KW%5BAuthor%5D&cauthor=true&cauthor_uid=16192387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20SF%5BAuthor%5D&cauthor=true&cauthor_uid=16192387
http://www.ncbi.nlm.nih.gov/pubmed/16192387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tomasevic%20G%5BAuthor%5D&cauthor=true&cauthor_uid=9757027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kamme%20F%5BAuthor%5D&cauthor=true&cauthor_uid=9757027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wieloch%20T%5BAuthor%5D&cauthor=true&cauthor_uid=9757027
http://www.ncbi.nlm.nih.gov/pubmed/9757027
http://www.ncbi.nlm.nih.gov/pubmed/9757027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20CY%5BAuthor%5D&cauthor=true&cauthor_uid=25770080
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20X%5BAuthor%5D&cauthor=true&cauthor_uid=25770080
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20SF%5BAuthor%5D&cauthor=true&cauthor_uid=25770080
http://www.ncbi.nlm.nih.gov/pubmed/?term=Qu%20WS%5BAuthor%5D&cauthor=true&cauthor_uid=25770080
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20W%5BAuthor%5D&cauthor=true&cauthor_uid=25770080
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tian%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=25770080
http://www.ncbi.nlm.nih.gov/pubmed/25770080
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=25206547
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25206547
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25206547
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kang%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25206547
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cai%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25206547
http://www.ncbi.nlm.nih.gov/pubmed?term=(Insulin%20signaling%20pathway%5BText%20Word%5D)%20AND%20cerebral%20ischemia%5BText%20Word%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21982807
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bai%20X%5BAuthor%5D&cauthor=true&cauthor_uid=21982807
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dong%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21982807
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21982807
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xiong%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21982807
http://www.ncbi.nlm.nih.gov/pubmed/21982807
http://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25681548
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kang%20SG%5BAuthor%5D&cauthor=true&cauthor_uid=25681548
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kam%20KY%5BAuthor%5D&cauthor=true&cauthor_uid=25681548
http://www.ncbi.nlm.nih.gov/pubmed/25681548
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nordstr%C3%B6m%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=675744
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rehncrona%20S%5BAuthor%5D&cauthor=true&cauthor_uid=675744
http://www.ncbi.nlm.nih.gov/pubmed/?term=Siesj%C3%B6%20BK%5BAuthor%5D&cauthor=true&cauthor_uid=675744
http://www.ncbi.nlm.nih.gov/pubmed/675744

