Machine intelligence identifies soluble TNFa as a therapeutic target for spinal cord injury
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Supplemental Table 1. Anti-inflammatory drug studies. Parameters of drug type and dose for each drug study that was included in the initial data-driven analysis of multivariate treatment effects (N=159 rats). 
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Supplemental Figure 1. Effect of sTNFR1 on inflammatory gene panel. A multiplexed PCR panel of 84 inflammatory genes was used to assess the broad effect of sTNFR1 treatment on neuroinflammation after SCI. sTNFR1 was delivered i.t. 90 minutes after injury, and spinal cord was harvested for PCR 3 hours after injury. a, Overall expression levels were increased in the vehicle-treated SCI group, as expressed by fold-change relative to uninjured sham control subjects (“Effect of Injury”). sTNFR1 treatment either dampened or reversed this neuroinflammatory response in the majority of genes tested. (“Effect of sTNFR1”). b, Principal components analysis of all gene expression values across all testing groups revealed two principal components that together accounted for 71% of the variance. PC1 was characterized by high positive loadings in classically pro-inflammatory genes, and PC2 was most strongly driven by anti-inflammatory genes. c, biplot of the three experimental groups on the PC1 and PC2 axes illustrates the 2 dimensional syndromic space occupied by each experimental condition. sTNFR1 treatment (Inj-sTNFR1) produces an inflammatory profile that is distinct from both injury alone (Inj-Veh) and uninjured controls (Uninj-Veh). 
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Supplementary Table 2. 295 genes were significantly up- or downregulated after sTNFR1 injection. Terms from Gene Ontology analysis indicate that 95 of 295 (32.2%) differentially expressed genes were related to inflammatory processes. Columns 1 and 2 indicate the specific Gene Ontology term numbers and descriptions. P-value indicates nominal significance value for each gene, while FDR q-value reflects the adjusted value accounting for false discovery rate. Enrichment score indicates the degree to which the genes are overrepresented at the top or bottom of the entire ranked list of genes.
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Study Drug Delivery Dose SCIModel SCISeverity SClLevel Laterality Study N

Methylprednisolone intravenous 30mg/kg NYU Impactor 12.5mm drop C5 Unilateral 26
Minocycline intraperitoneal 45mg/kg NYU Impactor 12.5mm drop C5 Unilateral 26

DMSO subcutaneous 1mg/kg IH Impactor 100 kilodyne C5 Unilateral 16

Ciclopirox subcutaneous 10mg/kg IH Impactor 100 kilodyne C5 Unilateral 33

sTNFR1 intrathecal 0.035-3.5ng IH Impactor 75 kilodyne C5 Unilateral 58
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GO Term Description P-value FDR q-value Enrichment N

GO:0009605 response to external stimulus 8.26E-14 1.29E-09 2.7 17807

GO:0009607 response to biotic stimulus 2.48E-13 1.94E-09 3.44 17807
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GO:0002684 positive regulation of immune system process 6.11E-11 9.55E-08 3.33 17807

GO:0006952 defense response 6.33E-11 8.99E-08 3.33 17807

GO:0014070 response to organic cyclic compound 8.36E-11 1.09E-07 2.86 17807

GO:0048522 positive regulation of cellular process 1.37E-10 1.65E-07 1.68 17807
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GO:0002682 regulation of immune system process 1.35E-09 1.06E-06 2.66 17807

GO:0071310 cellular response to organic substance 5.76E-09 4.29E-06 2.3 17807

GO:0001932 regulation of protein phosphorylation 5.82E-09 4.14E-06 2.47 17807
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GO:0009719 response to endogenous stimulus 1.55E-08 8.66E-06 2.39 17807

GO:0008284 positive regulation of cell proliferation 1.63E-08 8.81E-06 2.78 17807

GO:0051707 response to other organism 2.16E-08 1.13E-05 3.36 17807

GO:0009725 response to hormone 2.29E-08 1.16E-05 2.69 17807

GO:1901700 response to oxygen-containing compound 3.03E-08 1.48E-05 2.17 17807

GO:0051704 multi-organism process 3.08E-08 1.46E-05 2.71 17807

GO:0030155 regulation of cell adhesion 3.22E-08 1.48E-05 3.21 17807

GO:0050776 regulation of immune response 4.00E-08 1.79E-05 3.1 17807

GO:0048519 negative regulation of biological process 4.11E-08 1.78E-05 1.59 17807

GO:0019220 regulation of phosphate metabolic process 4.46E-08 1.88E-05 2.21 17807

GO:0051174 regulation of phosphorus metabolic process 4.55E-08 1.87E-05 2.21 17807

GO:0031349 positive regulation of defense response 5.33E-08 2.14E-05 4.5 17807

GO:0051239 regulation of multicellular organismal process 9.48E-08 3.71E-05 1.8 17807
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GO:0002376 immune system process 1.11E-07 4.12E-05 2.39 17807
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GO:0048545 response to steroid hormone 3.88E-07 1.21E-04 3.79 17807
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negative regulation of response to external stimulus

4.53E-07 1.39E-04 4.11 17807

GO:0051716 cellular response to stimulus 5.31E-07 1.60E-04 1.78 17807

GO:0051270 regulation of cellular component movement 5.59E-07 1.65E-04 2.53 17807

GO:0030334 regulation of cell migration 7.07E-07 2.05E-04 2.65 17807

GO:0031399 regulation of protein modification process 7.40E-07 2.11E-04 2.06 17807

GO:2000145 regulation of cell motility 7.46E-07 2.08E-04 2.6 17807

GO:0051240positive regulation of multicellular organismal proces

s

7.62E-07 2.09E-04 2.02 17807
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GO:0006955 immune response 1.80E-06 4.61E-04 2.91 17807

GO:0050729 positive regulation of inflammatory response 1.98E-06 5.01E-04 6.1 17807

GO:0009966 regulation of signal transduction 2.05E-06 5.09E-04 1.74 17807

GO:0034097 response to cytokine 2.20E-06 5.38E-04 2.74 17807
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GO:0009628 response to abiotic stimulus 3.94E-06 8.56E-04 2.16 17807
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GO:0070372 regulation of ERK1 and ERK2 cascade 6.54E-06 1.22E-03 3.75 17807

GO:0042330 taxis 6.60E-06 1.21E-03 3.96 17807

GO:0031668 cellular response to extracellular stimulus 7.85E-06 1.43E-03 3.91 17807

GO:0048523 negative regulation of cellular process 7.86E-06 1.41E-03 1.51 17807

GO:0007166 cell surface receptor signaling pathway 8.09E-06 1.44E-03 2.03 17807

GO:0065008 regulation of biological quality 8.40E-06 1.48E-03 1.59 17807

GO:0009611 response to wounding 9.31E-06 1.62E-03 3.85 17807

GO:0051272

positive regulation of cellular component movement

9.39E-06 1.61E-03 2.88 17807

GO:0042327 positive regulation of phosphorylation 1.02E-05 1.73E-03 2.29 17807

GO:0001934 positive regulation of protein phosphorylation 1.04E-05 1.76E-03 2.33 17807

GO:0051128 regulation of cellular component organization 1.06E-05 1.76E-03 1.75 17807

GO:0071407 cellular response to organic cyclic compound 1.08E-05 1.78E-03 2.94 17807

GO:0030335 positive regulation of cell migration 1.08E-05 1.76E-03 2.94 17807

GO:0042060 wound healing 1.11E-05 1.79E-03 5.68 17807

GO:0000278 mitotic cell cycle 1.36E-05 2.17E-03 5.55 17807

GO:0032268 regulation of cellular protein metabolic process 1.50E-05 2.37E-03 1.73 17807
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regulation of leukocyte migration
response to nitrogen compound
regulation of cell shape
cellular response to cytokine stimulus
cellular developmental process
cellular response to glucocorticoid stimulus
positive regulation of acute inflammatory response
positive regulation of developmental process
regulation of response to wounding
regulation of cell-substrate adhesion
regulation of apoptotic process
positive regulation of cell activation
response to heat
response to peptide hormone
response to metal ion
regeneration
response to inorganic substance
regulation of mitotic cell cycle
positive regulation of signal transduction
regulation of cell cycle phase transition
positive regulation of lipid localization
negative regulation of protein phosphorylation
positive regulation of cell adhesion
cellular response to oxygen-containing compound
regulation of alpha-beta T cell proliferation
regulation of tissue remodeling
cellular response to corticosteroid stimulus
regulation of anatomical structure morphogenesis
cellular response to nutrient levels
reproductive process
regulation of mitotic cell cycle phase transition
response to organonitrogen compound
leukocyte migration
ve regulation of cell communication by chemical cot
2gulation of cell communication by chemical couplin
atrial ventricular junction remodeling
negative regulation of mast cell proliferation
cell adhesion
response to oxidative stress
negative regulation of leukocyte proliferation
»sitive regulation of macromolecule metabolic proce
cellular response to fluid shear stress
positive regulation of secretion by cell
response to cCAMP
cellular hormone metabolic process
biological adhesion
positive regulation ofimmune response
tissue development
microtubule cytoskeleton organization

1.55E-05
1.71E-05
1.77E-05
1.90E-05
2.10E-05
2.21E-05
2.33E-05
2.40E-05
2.46E-05
2.53E-05
2.58E-05
2.71E-05
2.74E-05
2.91E-05
2.98E-05
3.08E-05
3.23E-05
3.25E-05
3.29E-05
3.33E-05
3.43E-05
3.43E-05
3.50E-05
3.87E-05
3.87E-05
4.06E-05
4.26E-05
4.39E-05
4.65E-05
4.83E-05
5.08E-05
5.34E-05
5.36E-05
5.64E-05
5.83E-05
5.90E-05
5.97E-05
6.07E-05
6.36E-05
6.36E-05
6.45E-05
6.64E-05
6.67E-05
6.82E-05
6.92E-05
7.27E-05
7.54E-05
7.69E-05
7.91E-05
8.35E-05
8.64E-05
8.83E-05
9.26E-05
9.44E-05
9.80E-05
1.00E-04
1.01E-04
1.10E-04
1.10E-04
1.14E-04
1.15E-04
1.16E-04
1.25E-04
1.25E-04
1.26E-04
1.26E-04
1.28E-04
1.28E-04
1.29E-04
1.30E-04
1.32E-04
1.35E-04
1.41E-04
1.41E-04
1.43E-04
1.44E-04
1.46E-04
1.49E-04
1.67E-04
1.67E-04
1.73E-04
1.74E-04
1.75E-04
1.83E-04
1.89E-04
1.89E-04
1.89E-04
1.89E-04
1.91E-04
1.92E-04
1.96E-04
1.98E-04
2.10E-04
2.19E-04
2.24E-04
2.26E-04
2.26E-04
2.30E-04
2.31E-04
2.43E-04

2.42E-03
2.65E-03
2.72E-03
2.89E-03
3.16E-03
3.30E-03
3.44E-03
3.50E-03
3.56E-03
3.64E-03
3.67E-03
3.82E-03
3.83E-03
4.02E-03
4.09E-03
4.18E-03
4.35E-03
4.34E-03
4.36E-03
4.38E-03
4.46E-03
4.43E-03
4.49E-03
4.92E-03
4.88E-03
5.08E-03
5.29E-03
5.40E-03
5.68E-03
5.85E-03
6.12E-03
6.38E-03
6.34E-03
6.63E-03
6.81E-03
6.83E-03
6.86E-03
6.93E-03
7.21E-03
7.16E-03
7.20E-03
7.36E-03
7.35E-03
7.46E-03
7.51E-03
7.84E-03
8.08E-03
8.18E-03
8.36E-03
8.77E-03
9.01E-03
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9.65E-03
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1.01E-02
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1.20E-02
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1.28E-02
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1.58E-02
1.59E-02
1.59E-02
1.62E-02
1.62E-02
1.71E-02
1.78E-02
1.80E-02
1.81E-02
1.81E-02
1.82E-02
1.83E-02
1.91E-02

3.08
3.31

2.83
3.26
1.48
2.08
231
13.98
2.56
1.86
1.45
1.68
9.91
13.46
3.92
227
2.82
1.78
273
1.46
245
4.52
2.14
2.14
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4.6
2.05
1.9
3.84
25
5.03
6.69
31.15
4.08
2.02
4.92
26
1.6
5.54
10.38
1.88
4.33
3.96
1.88
3.23
4.74
2.82
272
3.63
2.36
271
1.87
34
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2.06
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6.13
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2.07
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1.86
3.52
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241
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GO:0002683 negative regulation of immune system process 1.55E-05 2.42E-03 3.08 17807

GO:0098542 defense response to other organism 1.71E-05 2.65E-03 3.31 17807

GO:0002697 regulation of immune effector process 1.77E-05 2.72E-03 3.3 17807

GO:2000147 positive regulation of cell motility 1.90E-05 2.89E-03 2.83 17807

GO:0071496 cellular response to external stimulus 2.10E-05 3.16E-03 3.26 17807

GO:0016043 cellular component organization 2.21E-05 3.30E-03 1.48 17807

GO:0051241

negative regulation of multicellular organismal process

2.33E-05 3.44E-03 2.08 17807

GO:0040011 locomotion 2.40E-05 3.50E-03 2.31 17807

GO:0090025 regulation of monocyte chemotaxis 2.46E-05 3.56E-03 13.98 17807

GO:0009991 response to extracellular stimulus 2.53E-05 3.64E-03 2.56 17807

GO:0045595 regulation of cell differentiation 2.58E-05 3.67E-03 1.86 17807

GO:0032502 developmental process 2.71E-05 3.82E-03 1.45 17807

GO:0051246 regulation of protein metabolic process 2.74E-05 3.83E-03 1.68 17807

GO:0034405 response to fluid shear stress 2.91E-05 4.02E-03 9.91 17807

GO:0044319 wound healing, spreading of cells 2.98E-05 4.09E-03 13.46 17807

GO:0032355 response to estradiol 3.08E-05 4.18E-03 3.92 17807

GO:0071495 cellular response to endogenous stimulus 3.23E-05 4.35E-03 2.27 17807

GO:1902532

n

egative regulation of intracellular signal transductio

n

3.25E-05 4.34E-03 2.82 17807

GO:2000026regulation of multicellular organismal development 3.29E-05 4.36E-03 1.78 17807

GO:0071396 cellular response to lipid 3.33E-05 4.38E-03 2.73 17807

GO:0071840 cellular component organization or biogenesis 3.43E-05 4.46E-03 1.46 17807

GO:0043408 regulation of MAPK cascade 3.43E-05 4.43E-03 2.45 17807

GO:0007049 cell cycle 3.50E-05 4.49E-03 4.52 17807

GO:0010562positive regulation of phosphorus metabolic process3.87E-05 4.92E-03 2.14 17807

GO:0045937positive regulation of phosphate metabolic process3.87E-05 4.88E-03 2.14 17807

GO:1902533positive regulation of intracellular signal transduction4.06E-05 5.08E-03 2.2 17807

GO:0007059 chromosome segregation 4.26E-05 5.29E-03 6.25 17807

GO:0048870 cell motility 4.39E-05 5.40E-03 2.32 17807

GO:0016477 cell migration 4.65E-05 5.68E-03 2.41 17807

GO:0007159 leukocyte cell-cell adhesion 4.83E-05 5.85E-03 9.09 17807

GO:0045087 innate immune response 5.08E-05 6.12E-03 3.73 17807

GO:0045597 positive regulation of cell differentiation 5.34E-05 6.38E-03 2.14 17807

GO:0071548 response to dexamethasone 5.36E-05 6.34E-03 6.06 17807

GO:0051249 regulation of lymphocyte activation 5.64E-05 6.63E-03 3.01 17807

GO:0050670 regulation of lymphocyte proliferation 5.83E-05 6.81E-03 3.95 17807

GO:0030193 regulation of blood coagulation 5.90E-05 6.83E-03 7.07 17807

GO:0050730 regulation of peptidyl-tyrosine phosphorylation 5.97E-05 6.86E-03 3.68 17807

GO:0060326 cell chemotaxis 6.07E-05 6.93E-03 4.25 17807

GO:0001525 angiogenesis 6.36E-05 7.21E-03 3.91 17807

GO:0032944 regulation of mononuclear cell proliferation 6.36E-05 7.16E-03 3.91 17807

GO:1900046 regulation of hemostasis 6.45E-05 7.20E-03 6.97 17807

GO:0009266 response to temperature stimulus 6.64E-05 7.36E-03 3.89 17807

GO:0071466 cellular response to xenobiotic stimulus 6.67E-05 7.35E-03 5.87 17807

GO:0042542 response to hydrogen peroxide 6.82E-05 7.46E-03 4.6 17807

GO:0006928 movement of cell or subcellular component 6.92E-05 7.51E-03 2.05 17807

GO:0043067 regulation of programmed cell death 7.27E-05 7.84E-03 1.9 17807

GO:0002699 positive regulation of immune effector process 7.54E-05 8.08E-03 3.84 17807

GO:0001817 regulation of cytokine production 7.69E-05 8.18E-03 2.5 17807

GO:0061041 regulation of wound healing 7.91E-05 8.36E-03 5.03 17807

GO:0050818 regulation of coagulation 8.35E-05 8.77E-03 6.69 17807

GO:0016264 gap junction assembly 8.64E-05 9.01E-03 31.15 17807

GO:0002685 regulation of leukocyte migration 8.83E-05 9.14E-03 4.08 17807

GO:1901698 response to nitrogen compound 9.26E-05 9.52E-03 2.02 17807

GO:0008360 regulation of cell shape 9.44E-05 9.65E-03 4.92 17807

GO:0071345 cellular response to cytokine stimulus 9.80E-05 9.95E-03 2.6 17807

GO:0048869 cellular developmental process 1.00E-04 1.01E-02 1.6 17807

GO:0071385 cellular response to glucocorticoid stimulus 1.01E-04 1.02E-02 5.54 17807

GO:0002675positive regulation of acute inflammatory response 1.10E-04 1.09E-02 10.38 17807

GO:0051094 positive regulation of developmental process 1.10E-04 1.09E-02 1.88 17807

GO:1903034 regulation of response to wounding 1.14E-04 1.12E-02 4.33 17807

GO:0010810 regulation of cell-substrate adhesion 1.15E-04 1.13E-02 3.96 17807

GO:0042981 regulation of apoptotic process 1.16E-04 1.13E-02 1.88 17807

GO:0050867 positive regulation of cell activation 1.25E-04 1.20E-02 3.23 17807

GO:0009408 response to heat 1.25E-04 1.20E-02 4.74 17807

GO:0043434 response to peptide hormone 1.26E-04 1.20E-02 2.82 17807

GO:0010038 response to metal ion 1.26E-04 1.19E-02 2.72 17807

GO:0031099 regeneration 1.28E-04 1.20E-02 3.63 17807

GO:0010035 response to inorganic substance 1.28E-04 1.20E-02 2.36 17807

GO:0007346 regulation of mitotic cell cycle 1.29E-04 1.20E-02 2.71 17807

GO:0009967 positive regulation of signal transduction 1.30E-04 1.20E-02 1.87 17807

GO:1901987 regulation of cell cycle phase transition 1.32E-04 1.21E-02 3.4 17807

GO:1905954 positive regulation of lipid localization 1.35E-04 1.24E-02 6.2 17807

GO:0001933 negative regulation of protein phosphorylation 1.41E-04 1.28E-02 2.91 17807

GO:0045785 positive regulation of cell adhesion 1.41E-04 1.28E-02 2.91 17807

GO:1901701cellular response to oxygen-containing compound 1.43E-04 1.29E-02 2.06 17807

GO:0046640 regulation of alpha-beta T cell proliferation 1.44E-04 1.29E-02 9.82 17807

GO:0034103 regulation of tissue remodeling 1.46E-04 1.30E-02 6.13 17807

GO:0071384 cellular response to corticosteroid stimulus 1.49E-04 1.32E-02 5.24 17807

GO:0022603 regulation of anatomical structure morphogenesis 1.67E-04 1.47E-02 2.07 17807

GO:0031669 cellular response to nutrient levels 1.67E-04 1.46E-02 3.53 17807

GO:0022414 reproductive process 1.73E-04 1.50E-02 1.86 17807

GO:1901990 regulation of mitotic cell cycle phase transition 1.74E-04 1.50E-02 3.52 17807

GO:0010243 response to organonitrogen compound 1.75E-04 1.50E-02 2 17807

GO:0050900 leukocyte migration 1.83E-04 1.56E-02 4.08 17807

GO:0010652

p ositive regulation of cell communication by chemical couplin g

1.89E-04 1.60E-02 72.68 17807

GO:0010645

regulation of cell communication by chemical couplin

g

1.89E-04 1.59E-02 72.68 17807

GO:0003294 atrial ventricular junction remodeling 1.89E-04 1.59E-02 72.68 17807

GO:0070667 negative regulation of mast cell proliferation 1.89E-04 1.58E-02 72.68 17807

GO:0007155 cell adhesion 1.91E-04 1.59E-02 2.41 17807

GO:0006979 response to oxidative stress 1.92E-04 1.59E-02 2.83 17807

GO:0070664 negative regulation of leukocyte proliferation 1.96E-04 1.62E-02 5.85 17807

GO:0010604

positive regulation of macromolecule metabolic proce

s

s

1.98E-04 1.62E-02 1.53 17807

GO:0071498 cellular response to fluid shear stress 2.10E-04 1.71E-02 13.21 17807

GO:1903532 positive regulation of secretion by cell 2.19E-04 1.78E-02 2.69 17807

GO:0051591 response to cAMP 2.24E-04 1.80E-02 4.39 17807

GO:0034754 cellular hormone metabolic process 2.26E-04 1.81E-02 5.72 17807

GO:0022610 biological adhesion 2.26E-04 1.81E-02 2.38 17807

GO:0050778 positive regulation of immune response 2.30E-04 1.82E-02 2.59 17807

GO:0009888 tissue development 2.31E-04 1.83E-02 2.37 17807

GO:0000226 microtubule cytoskeleton organization 2.43E-04 1.91E-02 3.03 17807
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2.03
12.11
233
1.71
245
6.51
3.81
3.81
1.93
1.98
251
2.36
1.93
215
4.61
241
4.09
2.66
2.34
1.47
4.06
6.23
1.17
2.05
3.67
773
272
5.09
5.09
2.52
1.55
3.14
3.94
3.94
7.57
597
4.37
18.17
1.34
3.32
28
3.89
2.05
48.45
48.45
48.45
48.45
2.66
4.89
1.73
3.07
4.28
277
16.77
1.75
2.01
3.01
9.69
271
1.56
235
4.12
3.17
5.52
4.09
6.86
268
3.67
9.38
22
3.65
4.58
5.38
4.01
2.54
5.32
6.61
2.54
1.15
33
33
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17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807
17807









GO:0051172n egative regulation of nitrogen compound metabolic pro

c

es s2.46E-04 1.92E-02 1.64 17807

GO:0051896 regulation of protein kinase B signaling 2.47E-04 1.92E-02 4.33 17807

GO:0050777 negative regulation of immune response 2.47E-04 1.91E-02 4.33 17807

GO:0065009 regulation of molecular function 2.48E-04 1.91E-02 1.54 17807

GO:0050896 response to stimulus 2.62E-04 2.01E-02 1.31 17807

GO:0014074 response to purine-containing compound 2.63E-04 2.01E-02 3.6 17807

GO:0010605

negative regulation of macromolecule metabolic process

2.64E-04 2.01E-02 1.61 17807

GO:0051047 positive regulation of secretion 2.65E-04 2.00E-02 2.56 17807

GO:0002696 positive regulation of leukocyte activation 2.77E-04 2.09E-02 3.15 17807

GO:0032870 cellular response to hormone stimulus 2.82E-04 2.11E-02 2.63 17807

GO:0070486 leukocyte aggregation 2.87E-04 2.14E-02 21.8 17807

GO:0002673 regulation of acute inflammatory response 2.91E-04 2.16E-02 6.61 17807

GO:0046635 positive regulation of alpha-beta T cell activation 2.91E-04 2.15E-02 6.61 17807

GO:0032269

n

e

gative regulation of cellular protein metabolic proce

s

s

2.93E-04 2.15E-02 2.03 17807

GO:0046641positive regulation of alpha-beta T cell proliferation 2.99E-04 2.19E-02 12.11 17807

GO:0031667 response to nutrient levels 3.02E-04 2.20E-02 2.33 17807

GO:0030154 cell differentiation 3.03E-04 2.19E-02 1.71 17807

GO:0010564 regulation of cell cycle process 3.14E-04 2.26E-02 2.45 17807

GO:0042509regulation of tyrosine phosphorylation of STAT protei

n

3.16E-04 2.27E-02 6.51 17807

GO:0050731positive regulation of peptidyl-tyrosine phosphorylation3.23E-04 2.30E-02 3.81 17807

GO:0046683 response to organophosphorus 3.23E-04 2.29E-02 3.81 17807

GO:0031401 positive regulation of protein modification process 3.31E-04 2.34E-02 1.93 17807

GO:0051248 negative regulation of protein metabolic process 3.33E-04 2.34E-02 1.98 17807

GO:1901652 response to peptide 3.34E-04 2.34E-02 2.51 17807

GO:0043065 positive regulation of apoptotic process 3.45E-04 2.41E-02 2.36 17807

GO:0033043 regulation of organelle organization 3.46E-04 2.40E-02 1.93 17807

GO:1903530 regulation of secretion by cell 3.51E-04 2.43E-02 2.15 17807

GO:0071383 cellular response to steroid hormone stimulus 3.56E-04 2.46E-02 4.61 17807

GO:0009636 response to toxic substance 3.74E-04 2.56E-02 2.41 17807

GO:1902107 positive regulation of leukocyte differentiation 3.79E-04 2.59E-02 4.09 17807

GO:0042326 negative regulation of phosphorylation 3.81E-04 2.59E-02 2.66 17807

GO:0043068 positive regulation of programmed cell death 3.82E-04 2.59E-02 2.34 17807

GO:0009893 positive regulation of metabolic process 3.84E-04 2.59E-02 1.47 17807

GO:0033273 response to vitamin 3.97E-04 2.66E-02 4.06 17807

GO:0032570 response to progesterone 4.01E-04 2.68E-02 6.23 17807

GO:0050789 regulation of biological process 4.03E-04 2.68E-02 1.17 17807

GO:0043069 negative regulation of programmed cell death 4.10E-04 2.72E-02 2.05 17807

GO:1903708 positive regulation of hemopoiesis 4.29E-04 2.83E-02 3.67 17807

GO:0033280 response to vitamin D 4.53E-04 2.98E-02 7.73 17807

GO:1903047 mitotic cell cycle process 4.63E-04 3.03E-02 2.72 17807

GO:0033138

positive regulation of peptidyl-serine phosphorylation

4.63E-04 3.02E-02 5.09 17807

GO:0046634 regulation of alpha-beta T cell activation 4.63E-04 3.00E-02 5.09 17807

GO:0046677 response to antibiotic 4.66E-04 3.01E-02 2.52 17807

GO:0009892 negative regulation of metabolic process 4.73E-04 3.04E-02 1.55 17807

GO:1902105 regulation of leukocyte differentiation 4.91E-04 3.14E-02 3.14 17807

GO:0042129 regulation of T cell proliferation 4.96E-04 3.17E-02 3.94 17807

GO:0097327 response to antineoplastic agent 4.96E-04 3.15E-02 3.94 17807

GO:0071675 regulation of mononuclear cell migration 5.00E-04 3.17E-02 7.57 17807

GO:0070373 negative regulation of ERK1 and ERK2 cascade 5.03E-04 3.17E-02 5.97 17807

GO:0033135 regulation of peptidyl-serine phosphorylation 5.12E-04 3.22E-02 4.37 17807

GO:0071377 cellular response to glucagon stimulus 5.16E-04 3.23E-02 18.17 17807

GO:0060255 regulation of macromolecule metabolic process 5.22E-04 3.25E-02 1.34 17807

GO:0000302 response to reactive oxygen species 5.28E-04 3.28E-02 3.32 17807

GO:0071363 cellular response to growth factor stimulus 5.28E-04 3.26E-02 2.8 17807

GO:0007088 regulation of mitotic nuclear division 5.41E-04 3.33E-02 3.89 17807

GO:0051046 regulation of secretion 5.52E-04 3.39E-02 2.05 17807

GO:0002072

o p t i c  cup morphogenesis involved in camera-type eye deve

l

opm e n t

5.60E-04 3.42E-02 48.45 17807

GO:0010643 cell communication by chemical coupling 5.60E-04 3.41E-02 48.45 17807

GO:1990408

calcitonin gene-related peptide receptor signaling pathway

5.60E-04 3.40E-02 48.45 17807

GO:0051754 meiotic sister chromatid cohesion, centromeric 5.60E-04 3.38E-02 48.45 17807

GO:0070848 response to growth factor 5.82E-04 3.50E-02 2.66 17807

GO:0071347 cellular response to interleukin-1 5.86E-04 3.51E-02 4.89 17807

GO:0051247 positive regulation of protein metabolic process 5.88E-04 3.51E-02 1.73 17807

GO:0009612 response to mechanical stimulus 5.93E-04 3.53E-02 3.07 17807

GO:0050728 negative regulation of inflammatory response 5.94E-04 3.52E-02 4.28 17807

GO:0032970 regulation of actin filament-based process 6.04E-04 3.56E-02 2.77 17807

GO:0035313 wound healing, spreading of epidermal cells 6.64E-04 3.91E-02 16.77 17807

GO:0032270positive regulation of cellular protein metabolic process7.02E-04 4.11E-02 1.75 17807

GO:0043066 negative regulation of apoptotic process 7.03E-04 4.10E-02 2.01 17807

GO:0050863 regulation of T cell activation 7.12E-04 4.14E-02 3.01 17807

GO:0042572 retinol metabolic process 7.23E-04 4.19E-02 9.69 17807

GO:1903706 regulation of hemopoiesis 7.26E-04 4.19E-02 2.71 17807

GO:0031324 negative regulation of cellular metabolic process 7.31E-04 4.20E-02 1.56 17807

GO:0007017 microtubule-based process 7.32E-04 4.19E-02 2.35 17807

GO:0032526 response to retinoic acid 7.53E-04 4.30E-02 4.12 17807

GO:0051251 positive regulation of lymphocyte activation 7.64E-04 4.34E-02 3.17 17807

GO:0001649 osteoblast differentiation 7.67E-04 4.35E-02 5.52 17807

GO:0070555 response to interleukin-1 7.89E-04 4.45E-02 4.09 17807

GO:0045824 negative regulation of innate immune response 7.93E-04 4.46E-02 6.86 17807

GO:0043900 regulation of multi-organism process 8.05E-04 4.51E-02 2.68 17807

GO:0006898 receptor-mediated endocytosis 8.19E-04 4.58E-02 3.67 17807

GO:0030261 chromosome condensation 8.22E-04 4.57E-02 9.38 17807

GO:0008285 negative regulation of cell proliferation 8.50E-04 4.71E-02 2.2 17807

GO:0034612 response to tumor necrosis factor 8.53E-04 4.71E-02 3.65 17807

GO:0048661

positive regulation of smooth muscle cell proliferation

8.64E-04 4.76E-02 4.58 17807

GO:1903035 negative regulation of response to wounding 8.75E-04 4.80E-02 5.38 17807

GO:0070665 positive regulation of leukocyte proliferation 9.04E-04 4.95E-02 4.01 17807

GO:0007568 aging 9.23E-04 5.03E-02 2.54 17807

GO:0031670 cellular response to nutrient 9.34E-04 5.07E-02 5.32 17807

GO:0016101 diterpenoid metabolic process 9.40E-04 5.09E-02 6.61 17807

GO:0090066 regulation of anatomical structure size 9.45E-04 5.09E-02 2.54 17807

GO:0065007 biological regulation 9.55E-04 5.13E-02 1.15 17807

GO:0002703 regulation of leukocyte mediated immunity 9.69E-04 5.19E-02 3.3 17807

GO:0071222 cellular response to lipopolysaccharide 9.69E-04 5.17E-02 3.3 17807

GO:0019222 regulation of metabolic process 9.75E-04 5.19E-02 1.3 17807

GO:0060548 negative regulation of cell death 9.80E-04 5.20E-02 1.91 17807


