
Therapeutic efficacy of dimethyl fumarate in relapsing-remitting multiple sclerosis
associates with ROS pathway in monocytes 

Carlström et al 
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Supplementary Fig. 1. ROS generation in granulocytes and lymphocytes. (a, b) ROS generation in 
lymphocytes from healthy subjects or DMF  
treated patients. (c, d) ROS generation in granulocytes from healthy subjects or DMF treated 
patients. (e) Sequential gating stratiergy. Graphs show means and S.D.. All analysis between 
healthy controls and patients 
are performed with Welch’s t test. *P<0.05, **P<0.01 
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Supplementary Table 1. Canonical pathways affected by differentially expressed genes in CD14+ 
monocytes after 6 months of treatment with DMF.

DMF: Dimethyl fumarate.
Input gene list was based on differentially expressed genes with p-value < 0.01 and 
averageRMA > 4.
The table includes all canonical pathways from Ingenuity Pathway Analysis with Fisher's 
p-value < 0.05.
z-score: the activation z-score is used to infer likely activation states of upstream regulators 
(z-score > 2 correspods to activation).



Supplementary	Table	2.	Canonical	pathways	affected	by	differentially	methylated	genes	in	CD14+	monocytes	after	treatment	with	DMF.

Ingenuity	Canonical	Pathway -LOG(p-val) Ratio Molecules N	mol Group Cluster ROS	Score

Growth	Hormone	Signaling 4,15 0,104 PIK3R5,IGF1R,IRS2,RPS6KA2,STAT3,PRKCZ,RPS6KC1,PRKCB 8 M3	vs.	M6 2 0
FLT3	Signaling	in	Hematopoietic	Progenitor	Cells 3,99 0,099 PIK3R5,STAT2,IRS2,MAPK13,RPS6KA2,STAT3,CREB5,INPP5D 8 M3	vs.	M6 1 0
Melanocyte	Development	and	Pigmentation	Signaling 2,93 0,078 GNAS,PRKAG2,PIK3R5,IRS2,RPS6KA2,CREB5,RPS6KC1 7 M3	vs.	M6 1 0
Dopamine-DARPP32	Feedback	in	cAMP	Signaling 2,90 0,062 PRKG1,GNAS,PPP1R1B,CSNK1G3,PPM1L,PRKAG2,CREB5,PRKCZ,PRKCB 9 M3	vs.	M6 3 0
mTOR	Signaling 2,72 0,054 PPM1L,PRKAG2,PIK3R5,RPTOR,IRS2,RPS6KA2,PRKCZ,PLD1,RPS6KC1,PRKCB 10 M3	vs.	M6 1 0
Tec	Kinase	Signaling 2,70 0,058 LCK,GNAS,GNA15,PIK3R5,STAT2,IRS2,STAT3,PRKCZ,PRKCB 9 M3	vs.	M6 2 0
IL-15	Signaling 2,67 0,081 LCK,PIK3R5,IRS2,IL6,MAPK13,STAT3 6 M3	vs.	M6 1 0,17
IL-3	Signaling 2,47 0,074 PIK3R5,IRS2,STAT3,PRKCZ,INPP5D,PRKCB 6 M3	vs.	M6 2 0
Gap	Junction	Signaling 2,45 0,053 PRKG1,GNAS,CSNK1G3,PRKAG2,PIK3R5,IRS2,PRKCZ,GJC1,PRKCB 9 M3	vs.	M6 3 0
Adrenomedullin	signaling	pathway 2,43 0,053 PPARG,PRKG1,C3,GNAS,GNA15,PRKAG2,PIK3R5,IRS2,MAPK13 9 M3	vs.	M6 1 0
Renin-Angiotensin	Signaling 2,43 0,064 PRKAG2,PIK3R5,IRS2,MAPK13,STAT3,PRKCZ,PRKCB 7 M3	vs.	M6 2 0
HGF	Signaling 2,39 0,063 DOCK1,PIK3R5,IRS2,IL6,STAT3,PRKCZ,PRKCB 7 M3	vs.	M6 2 0,14
Synaptic	Long	Term	Depression 2,36 0,056 PRKG1,GNAS,GNA15,GRID2,PPM1L,IGF1R,PRKCZ,PRKCB 8 M3	vs.	M6 3 0
PDGF	Signaling 2,34 0,070 PIK3R5,IRS2,STAT3,INPP5D,PRKCB,PDGFRB 6 M3	vs.	M6 1 0
Axonal	Guidance	Signaling 2,30 0,038 GLI2,GNAS,PIK3R5,EPHA3,PRKCZ,ADAMTS2,DOCK1,EPHA6,GNA15,GLIS1,PRKAG2,NFATC2,BMP7,IRS2,PRKCB15 M3	vs.	M6 1 0
Superpathway	of	Inositol	Phosphate	Compounds 2,29 0,047 ITPK1,MINPP1,LCK,TNS3,PPP1R1B,PPM1H,PIK3R5,IRS2,INPP5D,PDGFRB 10 M3	vs.	M6 1 0
GÎ±q	Signaling 2,29 0,054 GNAS,GNA15,PIK3R5,NFATC2,IRS2,PRKCZ,PLD1,PRKCB 8 M3	vs.	M6 2 0
Calcium-induced	T	Lymphocyte	Apoptosis 2,29 0,081 LCK,NFATC2,PRKCZ,ORAI1,PRKCB 5 M3	vs.	M6 3 0
NGF	Signaling 2,28 0,060 PIK3R5,TRIO,IRS2,RPS6KA2,CREB5,PRKCZ,RPS6KC1 7 M3	vs.	M6 1 0
eNOS	Signaling 2,27 0,054 AQP5,PRKG1,GNAS,PRKAG2,PIK3R5,IRS2,PRKCZ,PRKCB 8 M3	vs.	M6 2 0
Thrombopoietin	Signaling 2,26 0,079 PIK3R5,IRS2,STAT3,PRKCZ,PRKCB 5 M3	vs.	M6 2 0
UVB-Induced	MAPK	Signaling 2,26 0,079 PIK3R5,IRS2,MAPK13,PRKCZ,PRKCB 5 M3	vs.	M6 2 0
Corticotropin	Releasing	Hormone	Signaling 2,24 0,059 GLI2,GNAS,PRKAG2,MAPK13,CREB5,PRKCZ,PRKCB 7 M3	vs.	M6 3 0
CREB	Signaling	in	Neurons 2,23 0,049 GNAS,GNA15,GRID2,PRKAG2,PIK3R5,IRS2,CREB5,PRKCZ,PRKCB 9 M3	vs.	M6 3 0
ERK/MAPK	Signaling 2,21 0,049 PPARG,DOCK1,PPM1L,PRKAG2,PIK3R5,IRS2,STAT3,CREB5,PRKCB 9 M3	vs.	M6 1 0
3-phosphoinositide	Biosynthesis 2,21 0,049 ITPK1,MINPP1,LCK,TNS3,PPP1R1B,PPM1H,PIK3R5,IRS2,PDGFRB 9 M3	vs.	M6 1 0
IL-12	Signaling	and	Production	in	Macrophages 2,13 0,056 PPARG,PIK3R5,IRS2,MAPK13,PRKCZ,PRKCB,APOD 7 M3	vs.	M6 2 0
Role	of	NFAT	in	Cardiac	Hypertrophy 2,11 0,047 GNAS,PRKAG2,PIK3R5,IGF1R,IRS2,IL6,MAPK13,PRKCZ,PRKCB 9 M3	vs.	M6 2 0,11
LXR/RXR	Activation 2,07 0,061 ECHS1,C3,NR1H3,IL6,IL1RAPL1,APOD 6 M3	vs.	M6 1 0,33
Insulin	Receptor	Signaling 2,04 0,054 ASIC2,PRKAG2,PIK3R5,RPTOR,IRS2,PRKCZ,INPP5D 7 M3	vs.	M6 1 0
IGF-1	Signaling 2,03 0,060 PRKAG2,PIK3R5,IGF1R,IRS2,STAT3,PRKCZ 6 M3	vs.	M6 2 0
Nitric	Oxide	Signaling	in	the	Cardiovascular	System 2,01 0,059 PRKG1,PRKAG2,PIK3R5,IRS2,PRKCZ,PRKCB 6 M3	vs.	M6 2 0
Endothelin-1	Signaling 1,98 0,048 GNAS,GNA15,PIK3R5,IRS2,MAPK13,PRKCZ,PLD1,PRKCB 8 M3	vs.	M6 2 0
IL-17A	Signaling	in	Airway	Cells 1,95 0,067 PIK3R5,IRS2,IL6,MAPK13,STAT3 5 M3	vs.	M6 1 0,20
FGF	Signaling 1,90 0,065 PIK3R5,IRS2,MAPK13,STAT3,CREB5 5 M3	vs.	M6 1 0
Role	of	NFAT	in	Regulation	of	the	Immune	Response 1,87 0,046 LCK,GNAS,GNA15,CSNK1G3,PIK3R5,NFATC2,IRS2,ORAI1 8 M3	vs.	M6 1 0
Thrombin	Signaling 1,87 0,046 GNAS,GNA15,PIK3R5,IRS2,MAPK13,ARHGEF10,PRKCZ,PRKCB 8 M3	vs.	M6 2 0
3-phosphoinositide	Degradation 1,86 0,050 ITPK1,MINPP1,TNS3,PPP1R1B,PPM1H,INPP5D,MTMR3 7 M3	vs.	M6 1 0
Glioma	Signaling 1,84 0,055 PIK3R5,IGF1R,IRS2,PRKCZ,PRKCB,PDGFRB 6 M3	vs.	M6 2 0
CXCR4	Signaling 1,84 0,049 DOCK1,GNAS,GNA15,PIK3R5,IRS2,PRKCZ,PRKCB 7 M3	vs.	M6 2 0
JAK/Stat	Signaling 1,81 0,062 PIK3R5,STAT2,IRS2,IL6,STAT3 5 M3	vs.	M6 1 0,20
Prolactin	Signaling 1,81 0,062 PIK3R5,IRS2,STAT3,PRKCZ,PRKCB 5 M3	vs.	M6 2 0
GNRH	Signaling 1,81 0,049 GNAS,GNA15,PRKAG2,MAPK13,CREB5,PRKCZ,PRKCB 7 M3	vs.	M6 3 0
Role	of	Tissue	Factor	in	Cancer 1,80 0,054 LCK,GNA15,PIK3R5,IRS2,MAPK13,RPS6KA2 6 M3	vs.	M6 1 0
Natural	Killer	Cell	Signaling 1,80 0,054 LCK,PIK3R5,IRS2,PRKCZ,INPP5D,PRKCB 6 M3	vs.	M6 2 0
Fc	Epsilon	RI	Signaling 1,79 0,053 PIK3R5,IRS2,MAPK13,PRKCZ,INPP5D,PRKCB 6 M3	vs.	M6 2 0
NF-kB	Activation	by	Viruses 1,73 0,059 LCK,PIK3R5,IRS2,PRKCZ,PRKCB 5 M3	vs.	M6 2 0
LPS-stimulated	MAPK	Signaling 1,73 0,059 PIK3R5,IRS2,MAPK13,PRKCZ,PRKCB 5 M3	vs.	M6 2 0
GPCR-Mediated	Nutrient	Sensing	in	Enteroendocrine	Cells 1,73 0,059 GNAS,GNA15,PRKAG2,PRKCZ,PRKCB 5 M3	vs.	M6 3 0
B	Cell	Receptor	Signaling 1,72 0,043 APBB1IP,PIK3R5,NFATC2,IRS2,MAPK13,CREB5,INPP5D,PRKCB 8 M3	vs.	M6 1 0
CCR3	Signaling	in	Eosinophils 1,72 0,051 GNAS,PIK3R5,IRS2,MAPK13,PRKCZ,PRKCB 6 M3	vs.	M6 2 0
Breast	Cancer	Regulation	by	Stathmin1 1,71 0,043 GNAS,PPM1L,PRKAG2,PIK3R5,IRS2,ARHGEF10,PRKCZ,PRKCB 8 M3	vs.	M6 2 0
Aldosterone	Signaling	in	Epithelial	Cells 1,71 0,046 ASIC2,DNAJC5,DNAJC8,PIK3R5,IRS2,PRKCZ,PRKCB 7 M3	vs.	M6 2 0
PAK	Signaling 1,69 0,058 ARHGAP10,PIK3R5,IRS2,EPHA3,PDGFRB 5 M3	vs.	M6 1 0
fMLP	Signaling	in	Neutrophils 1,69 0,050 GNAS,PIK3R5,NFATC2,IRS2,PRKCZ,PRKCB 6 M3	vs.	M6 2 0
IL-6	Signaling 1,67 0,050 PIK3R5,IRS2,IL6,IL1RAPL1,MAPK13,STAT3 6 M3	vs.	M6 1 0,17
CDK5	Signaling 1,67 0,057 GNAS,PPP1R1B,PPM1L,PRKAG2,MAPK13 5 M3	vs.	M6 3 0
Adrenomedullin	signaling	pathway 1,66 0,029 C3,MAPK14,KCNQ2,PIK3R5,KCNN2 5 BL	vs.	M3 1 0,20
p70S6K	Signaling 1,66 0,050 PPM1L,PIK3R5,IRS2,PRKCZ,PLD1,PRKCB 6 M3	vs.	M6 2 0
P2Y	Purigenic	Receptor	Signaling	Pathway 1,64 0,049 PRKAG2,PIK3R5,IRS2,CREB5,PRKCZ,PRKCB 6 M3	vs.	M6 2 0
ErbB	Signaling 1,62 0,055 PIK3R5,IRS2,MAPK13,PRKCZ,PRKCB 5 M3	vs.	M6 2 0
PI3K	Signaling	in	B	Lymphocytes 1,61 0,048 C3,NFATC2,IRS2,PRKCZ,INPP5D,PRKCB 6 M3	vs.	M6 3 0
AMPK	Signaling 1,60 0,041 GNAS,PPM1L,PRKAG2,PIK3R5,RPTOR,IRS2,MAPK13,CREB5 8 M3	vs.	M6 1 0
Fcg	Receptor-mediated	Phagocytosis	in	Macrophages	and	Monocytes1,60 0,054 DOCK1,PRKCZ,PLD1,INPP5D,PRKCB 5 M3	vs.	M6 3 0
Huntington's	Disease	Signaling 1,59 0,039 DNAJC5,GNA15,PIK3R5,IGF1R,DNM3,IRS2,CREB5,PRKCZ,PRKCB 9 M3	vs.	M6 1 0
Role	of	Pattern	Recognition	Receptors	in	Recognition	of	Bacteria	and	Viruses1,55 0,047 C3,PIK3R5,IRS2,IL6,PRKCZ,PRKCB 6 M3	vs.	M6 2 0,17
Cardiac	Hypertrophy	Signaling 1,50 0,039 GNAS,GNA15,PRKAG2,PIK3R5,IGF1R,IRS2,IL6,MAPK13 8 M3	vs.	M6 1 0,13
UVA-Induced	MAPK	Signaling 1,50 0,051 PIK3R5,IRS2,MAPK13,RPS6KA2,RPS6KC1 5 M3	vs.	M6 1 0
G	Beta	Gamma	Signaling 1,50 0,051 GNAS,GNA15,PRKAG2,PRKCZ,PRKCB 5 M3	vs.	M6 3 0
Type	II	Diabetes	Mellitus	Signaling 1,49 0,046 PPARG,PRKAG2,PIK3R5,IRS2,PRKCZ,PRKCB 6 M3	vs.	M6 2 0
Xenobiotic	Metabolism	Signaling 1,48 0,037 AHRR,PPM1L,PIK3R5,IRS2,IL6,MAPK13,CYP2B6,PRKCZ,PRKCB 9 M3	vs.	M6 1 0,11
G-Protein	Coupled	Receptor	Signaling 1,45 0,036 GNAS,GNA15,HTR7,PRKAG2,PIK3R5,IRS2,STAT3,CREB5,PRKCB 9 M3	vs.	M6 1 0
NF-kB	Signaling 1,45 0,041 LCK,PIK3R5,IGF1R,IRS2,PRKCZ,PRKCB,PDGFRB 7 M3	vs.	M6 2 0
Opioid	Signaling	Pathway 1,43 0,038 LCK,GNAS,PRKAG2,GRK5,RPS6KA2,CREB5,PRKCZ,PRKCB 8 M3	vs.	M6 3 0
Paxillin	Signaling 1,42 0,049 DOCK1,ACTN2,PIK3R5,IRS2,MAPK13 5 M3	vs.	M6 1 0
Neuropathic	Pain	Signaling	In	Dorsal	Horn	Neurons 1,42 0,049 PRKAG2,PIK3R5,IRS2,PRKCZ,PRKCB 5 M3	vs.	M6 2 0
Phospholipase	C	Signaling 1,42 0,038 LCK,GNAS,NFATC2,CREB5,ARHGEF10,PRKCZ,PLD1,PRKCB 8 M3	vs.	M6 3 0
Relaxin	Signaling 1,41 0,044 GNAS,GNA15,PRKAG2,PIK3R5,IRS2,PRKCZ 6 M3	vs.	M6 2 0
Production	of	Nitric	Oxide	and	Reactive	Oxygen	Species	in	Macrophages1,40 0,040 PPM1L,PIK3R5,IRS2,MAPK13,PRKCZ,PRKCB,APOD 7 M3	vs.	M6 2 0
Sperm	Motility 1,40 0,048 PRKG1,GNAS,PRKAG2,PRKCZ,PRKCB 5 M3	vs.	M6 3 0
Signaling	by	Rho	Family	GTPases 1,37 0,037 GNAS,CDH18,GNA15,PIK3R5,IRS2,ARHGEF10,PRKCZ,PLD1 8 M3	vs.	M6 1 0
Glucocorticoid	Receptor	Signaling 1,35 0,033 PRKAG2,PIK3R5,NFATC2,TAT,IRS2,IL6,MAPK13,STAT3,KRT20,TSC22D3 10 M3	vs.	M6 1 0,10
Systemic	Lupus	Erythematosus	Signaling 1,35 0,039 SNRPN,LCK,PIK3R5,NFATC2,IRS2,IL6,INPP5D 7 M3	vs.	M6 1 0,14
Hepatic	Cholestasis 1,34 0,042 PRKAG2,NR1H3,IL6,IL1RAPL1,PRKCZ,PRKCB 6 M3	vs.	M6 3 0,17
p38	MAPK	Signaling 1,33 0,046 IL1RAPL1,MAPK13,RPS6KA2,CREB5,RPS6KC1 5 M3	vs.	M6 1 0
Synaptic	Long	Term	Potentiation 1,31 0,046 GNA15,PRKAG2,CREB5,PRKCZ,PRKCB 5 M3	vs.	M6 3 0



Supplementary Table 2. Canonical pathways affected by differentially methylated genes in CD14+ 
monocytes after treatment with DMF.

DMF: Dimethyl fumarate; BL: baseline; M3: 3 months after initation of DMF treatment; M6: 6 
months after initation of DMF treatment.
Input gene list was based on genes associated with differentially methylated probes that displayed 
delta b > 5% methylation change and p-value < 0.001.
The table includes all canonical pathways from Ingenuity Pathway Analysis with Fisher's p-value 
< 0.05 and number of molecules ≥ 5 

ROS score indicates % overlap with a list of assembled known ROS genes:

ACADL
ACADM
ACADS
ACADVL
ACAT1
ACO1
ACO2
ACOT9
ACSL1
ACSL3
ACSL4
ACSL5
ACSL6
ADH7
AGER
ALDH3A1
APOBEC1
APOL3
APOOL
APP
ARHGEF18
ARHGEF7
ATG4A
BCL2
BDH1
BLVRB
BMP4
BRAF
CAMK2N1
CAPNS1
CASP8
CAT
CAV1
CAV2
CAV3
CBR1
CBR3
CBS
CCL5
CCND1
CCR6
CD11c
CD14
CD19
CD1E
CD38
CD40
CD47
CD5
CD69

CD83
CD84
CDC14C
CDC45
CDHR1
CDKN1A
CDKN1B
CDKN2B
CES1
CES2
CES3
CES4A
CES5A
CLEC12B
CLEC4A
CLEC4C
CLEC4E
CLEC5A
CLEC6A
CLEC7A
CLUH
COL1A2
CPT1A
CPT2
CRAT
CS
CSF2
CTH
CXCL10
CXCL11
CXCL9
CYBA
CYBB
CYP1A1
CYP2A6
CYP4A11
DECR1
DLD
DLST
DNAJB1
DOCK2
DUOX1
DUOX2
DUOXA1
DUOXA2
ECHS1
ECI1
EGR1
EHHADH
EIF2AK2

ELK1
EPHA2
ETFDH
FADD
FAR1
FAR2
FAR2P2
FCGR1A
FCGR3B
FCGRT
FDXR
FGF13
FH
FMO5
FN1
FOS
FOXP3
FPR1
FPR2
FPR3
FST
FTL
FYN
G6PD
GAS2L3
GBP1
GCDH
GCLC
GCLM
GGT1
GK2
GPD2
GPX1
GPX2
GPX3
GRB2
GSR
GSTA1
GSTA2
GSTA3
GSTA4
GSTM2
GSTM3
GSTM4
GSTM5
GSTP1
GSTT1
GSTT2
HADH
HADHA

HADHB
HBEGF
HCAR2
HGF
HIF1A
HIF1A-AS1
HLA-A
HLA-B
HLA-C
HLA-DOA
HLA-DRB1
HLA-F
HLA-L
HMGCL
HMGCS2
HMOX1
HSP90AA1
HSPA1A
ICAM1
IDH2
IDH3A
IDH3B
IDH3G
IFI27L1
IFNA1
IFNAR1
IFNAR2
IFNB1
IFNG
IFNG-AS1
IFNGR1
IFNGR2
IGDCC4
IGHD
IGKV1D-39
IGKV1D-8
IGKV1OR-3
IGLV8-61
IL10
IL10RB
IL12A
IL12B
IL15
IL17A
IL17D
IL17RE
IL19
IL1A
IL1B
IL23A

IL6
INHBA
IRAK1
IRAK4
IRF1
IRF2
IRF3
IRF9
ITGA2
ITGA7
ITGAX
ITGB4
JUN
JUNB
KLHDC10
KLHL1
LAX1
LCNL1
LOC100287651
LPL
LTBP1
LTBP2
LTBP2 
LY6G6D
LY6H
LY9
MAFF
MAFG
MAL
MAOA
MAP2K3
MAP2K6
MAPK12
MAPK14
MAPK15
MAPK8
MDFI
MDH2
ME1
MET
MGST1
MGST3
MKI67
MLYCD
MMP1
MMP12
MPST
MST1R
MT1X
MTFR1

MYC
MYD88
NAIP
NCF2
NCF4
NFE2L2
NFE2L2 
NFIX
NFKB1
NKAPL
NOD1
NOG
NOS2
NOX1
NOX3
NOX4
NOX5
NOXA1
NOXO1
NPL
NQO1
OGDH
OLR1
OXCT1
PC
PCK2
PDCD7
PDGFB
PDHA1
PDP2
PDPR
PECR
PGD
POLDIP2
PPARD
PRDX1
PRDX6
PREX1
PSMB9
PTGER1
PTGR1
PTK2
PXN
RAC1
RAC2
SCP2
SDHAF2
SDHAP1
SDHAP2
SDHAP3

SDHB
SDHC
SDHD
SERPINA1
SHC1
SHC3
SIRPA
SIRPD
SLC25A20
SLC27A2
SLC7A11
SMAD1
SMAD2
SMAD3
SMAD5
SMAD7
SMAD9
SOD1
SOD2
SOD3
SORBS1
SOS1
SP1
SQSTM1
SRXN1
SSTR3
STAT1
SUCLG1
SUCLG2
TAP1
TBK1
TBRG4
TCL1B
TERT
TGFA
TGFB1
TGFB2
TGFB2-AS1
TGFBR1
TGFBR2
TGFBR3
THBS1
TIAM2
TIRAP
TLR2
TLR4
TLR5
TLR6
TLR9
TMEM8B

TNC
TNFAIP8
TNFRSF11A
TNS1
TOLLIP
TPI1
TRAF2
TRAJ22
TRAJ30
TRAV13-1
TRAV38-1
TRAV4
TRBJ2-3
TRBV5-1
TRGV5
TXN2
TXNRD1
TXNRD2
TXNRD3
UGT1A1
VASP
VAV1
VAV2
VAV3
VEGFA
XDH
ZYX



Supplementary	Table	3.	Canonical	pathways	affected	by	differentially	methylated	genes	in	CD4+	T-cells	after	treatment	with	DMF.

Ingenuity	Canonical	Pathway-LOG(p-val) Ratio MoleculesN	mol Group Cluster
ROS	
Score

1D-myo-inositol	Hexakisphosphate	Biosynthesis	II	(Mammalian)1,43 0,294 ITPK1,ITPKB,INPP5F,INPP5A,OCRL5 BL	vs.	M61 0
3-phosphoinositide	Biosynthesis2,10 0,190 FYN,PTPN2,NUDT14,PPM1K,PPFIA2,PTPN12,OCRL,MTMR8,PTEN,MTMR6,PPP1CC,PTPRO,ERBB4,PTPN1,PRUNE1,MTMR2,NUDT4,DUSP12,PPP3CA,EGFR,PTPN6,PIK3C2A,PPTC7,FIG4,PTPRM,PPP2R5A,MET,ITPK1,TNS3,GAB1,DUSP1,PIP5K1C,MTMR7,PIP4K2A,DUSP1635 M3	vs.	M64 0,06
3-phosphoinositide	Biosynthesis1,77 0,168 G6PC2,NUDT3,NUDT14,PPFIA2,PTPN12,OCRL,PTEN,MTMR8,CDC25B,MTMR6,PPP1CC,PPP1R7,FRS2,PPP3CA,PPFIA1,PPP1R1B,PP2D1,PAWR,PTPRM,PPP2R5A,MET,ITPK1,PI4K2A,GAB1,INPP5F,PPP1R16B,PIP5K1C,PPM1H,MTMR7,PIP4K2A,DUSP1631 BL	vs.	M61 0,03
3-phosphoinositide	Degradation2,26 0,204 PTPN2,NUDT14,PPM1K,PPFIA2,PTPN12,OCRL,PTEN,MTMR8,MTMR6,PPP1CC,PTPRO,PTPN1,PRUNE1,MTMR2,NUDT4,DUSP12,PPP3CA,MTMR3,PTPN6,PPTC7,FIG4,PTPRM,PPP2R5A,ITPK1,INPP4A,TNS3,DUSP1,MTMR7,DUSP1629 M3	vs.	M64 0
3-phosphoinositide	Degradation2,58 0,197 G6PC2,NUDT3,NUDT14,PPFIA2,PTPN12,OCRL,PTEN,MTMR8,CDC25B,MTMR6,PPP1CC,PPP1R7,MTM1,PPP3CA,MTMR3,PPFIA1,PPP1R1B,PP2D1,PAWR,PTPRM,PPP2R5A,INPP4A,ITPK1,INPP5F,PPP1R16B,PPM1H,MTMR7,DUSP1628 BL	vs.	M61 0
Amyloid	Processing1,83 0,234 PRKACB,AKT2,CAPN6,PRKAR2B,PRKAR1B,AKT3,CAPN2,CAPN9,PSEN1,PRKAR1A,APP11 BL	vs.	M62 0,18
Androgen	Signaling1,49 0,174 PRKACB,CCNH,GNAS,GNA12,CACNB4,GNAI1,POLR2B,NFKB1,PRKCZ,CALM1	(includes	others),PRKCI,PRKAR2B,NCOA2,CACNA2D1,PRKAR1B,NCOA1,GTF2H1,CACNB2,CACNA2D3,PRKCA,PRKAR1A21 BL	vs.	M62 0,14
Apoptosis	Signaling1,48 0,183 GAS2,MAP2K4,CAPN6,TNFRSF1A,MAPK8,NFKB1,RAP1A,CASP6,BID,CAPN2,CAPN9,CASP8,BCL2A1,MAP4K4,MAP2K1,TNF,PRKCA17 BL	vs.	M63 0,29
ATM	Signaling2,64 0,237 MAP2K4,HP1BP3,TP73,ABL1,CREB5,CDK1,PPP2R5A,CHEK1,HERC2,PPP2CB,MDM4,PPP1CC,CBX1,FANCD2,PPP2R2B,PPM1L,MAPK10,PPP2R2C,PPP2R5C,BRCA1,BLM,CHEK222 M3	vs.	M65 0
Axonal	Guidance	Signaling1,40 0,157 PRKACB,KLC1,PAPPA2,GLI2,UNC5B,ARPC5,BRCC3,ADAMTS2,ROCK2,PTK2,PAK1,SEMA6D,SEMA3D,PPP3R1,ABLIM2,KALRN,SEMA5A,GNG2,RAP1A,HERC2,MET,SRGAP3,ADAMTS6,GAB1,CDC42,FZD6,PRKCH,GNAL,ENPEP,FYN,RGS3,BDNF,ABL1,EPHA4,CRK,PITRM1,NGF,ROBO1,PLCH1,NTNG1,EPHA8,GLI3,SDC2,SOS1,AKT3,LNPEP,SHANK2,MAP2K1,PPP3CA,UNC5C,ITGB1,ADAM20,GNAS,PIK3C2A,GNA12,CHP1,SEMA3A,EPHA10,PRKAG2,NFATC2,AFG3L2,SEMA4B62 M3	vs.	M65 0,08
Axonal	Guidance	Signaling1,72 0,149 DPYSL2,PRKACB,PAPPA2,CXCL12,SEMA6B,NCK1,ADAMTS2,PTK2,SEMA6D,PLCE1,SEMA3D,PPP3R1,FRS2,WNT5B,AKT2,ARHGEF15,PTCH1,VEGFC,HHIP,RAP1A,MET,EPHA6,SRGAP3,GAB1,ARPC2,ENPEP,LRRC4C,RGS3,BDNF,ROBO1,EIF4E,NFATC1,PRKCZ,EFNB2,NTNG1,GLI3,SDC2,MKNK1,ADAM19,PRKAR1B,AKT3,LNPEP,SHANK2,MAP2K1,SEMA3F,PPP3CA,PRKCA,UNC5C,EPHB4,GNAS,GNA12,CHP1,GNAI1,BMP5,PRKAR2B,PRKCI,ADAM10,ADAM9,PRKAR1A59 BL	vs.	M63 0,05
B	Cell	Receptor	Signaling1,68 0,166 MAP2K6,MAP2K4,BCL6,NFKB1,OCRL,NFATC1,PTEN,PAX5,PTK2,PPP3R1,CD22,MAP3K7,AKT3,FRS2,MAP2K1,PPP3CA,AKT2,APBB1IP,CSK,MAPK8,RAP1A,BTK,CALM1	(includes	others),EBF1,GAB1,FOXO1,INPP5F,SYK,VAV3,LYN,BCL2A131 BL	vs.	M63 0,26
BMP	signaling	pathway1,41 0,189 PRKACB,MAP2K4,MAGED1,MAPK8,SMAD5,NFKB1,BMP5,RAP1A,PRKAR2B,PRKAR1B,MAP3K7,MAPK10,MAP2K1,PRKAR1A14 BL	vs.	M62 0,43
Calcium	Signaling1,66 0,183 PRKACB,ATP2B1,GRIA4,ATP2A2,GRINA,PPP3R1,HDAC11,RYR3,CACNB2,CACNA2D3,PPP3CA,GRIK1,HDAC9,HDAC4,HDAC8,ITPR2,RYR2,CHP1,CACNB4,CACNA1C,TPM3,CREB5,RAP1A,TRPC7,MICU1,CACNA2D1,ITPR3,PRKAG2,NFATC2,ATP2B430 M3	vs.	M65 0
Calcium	Signaling2,50 0,189 PRKACB,ATP2B1,NFATC1,GRINA,PPP3R1,PRKAR1B,CACNB2,CACNA2D3,PPP3CA,GRIK1,HDAC9,HDAC4,TP63,HDAC8,HDAC2,ATP2C1,ITPR2,RYR2,CHP1,CACNB4,TPM3,TRPC4,RAP1A,TRPC7,CALM1	(includes	others),RCAN1,PRKAR2B,CACNA2D1,SLC8A1,RCAN2,PRKAR1A31 BL	vs.	M62 0
Calcium-induced	T	Lymphocyte	Apoptosis1,34 0,194 CALM1	(includes	others),PRKCI,HLA-DRB1,HDAC2,ITPR2,PPP3R1,CHP1,CAPN2,PRKCZ,PPP3CA,HLA-DRB5,PRKCA12 BL	vs.	M62 0,08
cAMP-mediated	signaling1,75 0,179 AKAP12,PRKACB,GDPD1,RAPGEF4,PDE1A,RGS12,CHRM3,AKAP2,PDE7B,PPP3R1,CNR2,RGS14,ADORA2B,PDE4D,PKIA,ADCY8,MAP2K1,PPP3CA,HTR6,HRH2,ADCY2,GNAS,PDE10A,GRM8,AKAP6,PLD6,CREB5,CNGA1,RAP1A,XCR1,OPRD1,AKAP13,LPAR1,DUSP1,GNAL,PKIG36 M3	vs.	M65 0
cAMP-mediated	signaling3,52 0,199 AKAP12,PRKACB,PDE7A,PTGER3,ADORA3,PDE1A,AKAP7,OPRL1,AKAP11,AKAP2,PDE7B,PPP3R1,PRKAR1B,RGS14,ADORA2B,PDE4D,DRD4,DRD3,MAP2K1,PPP3CA,PDE6B,ADCY2,GNAS,PDE10A,GRM8,GNAI1,RGS4,AKAP6,PLD6,RAP1A,CNGA1,OPRD1,CALM1	(includes	others),AKAP13,AVPR2,PRKAR2B,CNGB1,RAP1GAP,PKIG,PRKAR1A40 BL	vs.	M62 0
Cardiac	Î²-adrenergic	Signaling3,04 0,231 AKAP12,PRKACB,GDPD1,PDE1A,ATP2A2,AKAP2,PPP1CC,PDE7B,PPM1L,PDE4D,PPP2R5C,PPP2R2C,PKIA,ADCY8,ADCY2,GNAS,PDE10A,RYR2,GNG2,CACNA1C,AKAP6,PLD6,PPP2R5A,PPP2CB,AKAP13,PPP2R2B,PRKAG2,PKIG28 M3	vs.	M65 0
Cardiac	Î²-adrenergic	Signaling3,73 0,231 AKAP12,PRKACB,PDE7A,PDE1A,AKAP7,AKAP11,AKAP2,PPP1CC,PDE7B,PPP1R7,PPM1L,PRKAR1B,PDE4D,PPP2R5C,PDE6B,PPP1R14C,ADCY2,GNAS,PDE10A,RYR2,AKAP6,PLD6,PPP2R5A,AKAP13,PRKAR2B,SLC8A1,PKIG,PRKAR1A28 BL	vs.	M62 0
CD28	Signaling	in	T	Helper	Cells1,34 0,181 MAP2K4,FYN,PTPN6,PIK3C2A,ITPR2,ARPC5,CHP1,MALT1,IKBKB,PAK1,HLA-DRB1,GAB1,CARD11,CDC42,PPP3R1,ITPR3,MAPK10,AKT3,NFATC2,MAP2K1,HLA-DRB5,LCP2,PPP3CA23 M3	vs.	M65 0,09
CDK5	Signaling2,23 0,223 ITGB1,PRKACB,ADCY2,GNAS,BDNF,ABL1,NGF,RAP1A,PPP2R5A,PPP2CB,PPP1CC,PPP2R2B,PPM1L,LAMB1,MAPK10,PRKAG2,PPP2R2C,PPP2R5C,ADCY8,MAP2K1,GNAL21 M3	vs.	M65 0
CDK5	Signaling2,04 0,202 PRKACB,PPP1R14C,ADCY2,GNAS,BDNF,PPP1R1B,MAPK8,ITGA6,RAP1A,PPP2R5A,PPP1CC,PRKAR2B,PPP1R7,PPM1L,PRKAR1B,MAPK10,PPP2R5C,MAP2K1,PRKAR1A19 BL	vs.	M62 0,05
Colorectal	Cancer	Metastasis	Signaling1,33 0,026 JAK1,GAB1,MAPK10,VEGFC,TCF7L2,GNG76 BL	vs.	M37 0
Corticotropin	Releasing	Hormone	Signaling1,39 0,185 PRKACB,ADCY2,GNAS,GLI2,GUCY1A1,BDNF,ITPR2,CACNB4,ARPC5,CACNA1C,CREB5,RAP1A,GLI3,CACNA2D1,ITPR3,PRKAG2,PRKCH,CACNB2,ADCY8,KRT1,CACNA2D3,MAP2K122 M3	vs.	M65 0
Corticotropin	Releasing	Hormone	Signaling1,83 0,185 NOS1,PRKACB,ADCY2,GNAS,BDNF,ITPR2,PTCH1,CACNB4,GNAI1,RAP1A,PRKCZ,CALM1	(includes	others),PRKCI,PRKAR2B,GLI3,CACNA2D1,PRKAR1B,CACNB2,CACNA2D3,MAP2K1,PRKCA,PRKAR1A22 BL	vs.	M62 0
CXCR4	Signaling1,59 0,034 DOCK1,PAK1,GAB1,MAPK10,GNG75 BL	vs.	M37 0
D-myo-inositol	(1,3,4)-trisphosphate	Biosynthesis1,43 0,294 ITPKB,INPP5F,INPP5A,OCRL,PTEN5 BL	vs.	M61 0
D-myo-inositol	(1,4,5,6)-Tetrakisphosphate	Biosynthesis2,29 0,209 PTPN2,NUDT14,PPM1K,PPFIA2,OCRL,PTPN12,PTEN,MTMR8,MTMR6,PPP1CC,PTPRO,PTPN1,PRUNE1,MTMR2,NUDT4,DUSP12,PPP3CA,PTPN6,PPTC7,FIG4,PTPRM,PPP2R5A,ITPK1,TNS3,DUSP1,MTMR7,DUSP1627 M3	vs.	M64 0
D-myo-inositol	(1,4,5,6)-Tetrakisphosphate	Biosynthesis2,27 0,194 G6PC2,NUDT3,NUDT14,PPFIA2,OCRL,PTPN12,PTEN,MTMR8,CDC25B,MTMR6,PPP1CC,PPP1R7,PPP3CA,PPFIA1,PPP1R1B,PP2D1,PAWR,PTPRM,PPP2R5A,ITPK1,INPP5F,PPP1R16B,PPM1H,MTMR7,DUSP1625 BL	vs.	M61 0
D-myo-inositol	(3,4,5,6)-tetrakisphosphate	Biosynthesis2,29 0,209 PTPN2,NUDT14,PPM1K,PPFIA2,OCRL,PTPN12,PTEN,MTMR8,MTMR6,PPP1CC,PTPRO,PTPN1,PRUNE1,MTMR2,NUDT4,DUSP12,PPP3CA,PTPN6,PPTC7,FIG4,PTPRM,PPP2R5A,ITPK1,TNS3,DUSP1,MTMR7,DUSP1627 M3	vs.	M64 0
D-myo-inositol	(3,4,5,6)-tetrakisphosphate	Biosynthesis2,27 0,194 G6PC2,NUDT3,NUDT14,PPFIA2,OCRL,PTPN12,PTEN,MTMR8,CDC25B,MTMR6,PPP1CC,PPP1R7,PPP3CA,PPFIA1,PPP1R1B,PP2D1,PAWR,PTPRM,PPP2R5A,ITPK1,INPP5F,PPP1R16B,PPM1H,MTMR7,DUSP1625 BL	vs.	M61 0
D-myo-inositol-5-phosphate	Metabolism2,17 0,201 PTPN2,NUDT14,PPM1K,PPFIA2,PTPN12,OCRL,PLCH1,PTEN,MTMR8,MTMR6,PPP1CC,PTPRO,PTPN1,PRUNE1,MTMR2,NUDT4,DUSP12,PPP3CA,PTPN6,PPTC7,FIG4,PTPRM,PPP2R5A,ITPK1,TNS3,DUSP1,MTMR7,PIP4K2A,DUSP1629 M3	vs.	M64 0
D-myo-inositol-5-phosphate	Metabolism2,20 0,188 G6PC2,NUDT3,NUDT14,PPFIA2,OCRL,PTPN12,PTEN,MTMR8,CDC25B,MTMR6,PPP1CC,PLCE1,PPP1R7,PPP3CA,PPFIA1,PPP1R1B,PP2D1,PAWR,PTPRM,PPP2R5A,ITPK1,INPP5F,PPP1R16B,PPM1H,MTMR7,PIP4K2A,DUSP1627 BL	vs.	M61 0
Dopamine	Receptor	Signaling1,43 0,209 PRKACB,ADCY2,PRL,SLC18A2,PPP2R5A,PPP2CB,PPP1CC,PPM1L,PPP2R2B,PRKAG2,NCS1,PPP2R2C,PPP2R5C,ADCY814 M3	vs.	M65 0
Dopamine	Receptor	Signaling3,92 0,284 PRKACB,PPP1R14C,GCH1,ADCY2,PPP1R1B,PRL,PPP2R5A,IL4I1,MAOB,PPP1CC,PRKAR2B,PPP1R7,PPM1L,PRKAR1B,PPP2R5C,DRD4,DRD3,MAOA,PRKAR1A19 BL	vs.	M62 0,05
Dopamine-DARPP32	Feedback	in	cAMP	Signaling2,13 0,200 PRKACB,ATP2A2,PLCH1,GRINA,PPP1CC,PPP3R1,PPM1L,PPP2R5C,PPP2R2C,ADCY8,PPP3CA,KCNJ8,ADCY2,GNAS,GUCY1A1,ITPR2,CSNK1G3,CHP1,CACNA1C,KCNJ3,CREB5,PPP2R5A,PPP2CB,PRKG1,PPP2R2B,ITPR3,PRKAG2,PRKCH,KCNJ629 M3	vs.	M65 0
Dopamine-DARPP32	Feedback	in	cAMP	Signaling3,41 0,214 NOS1,PRKACB,PRKCZ,GRINA,PPP1CC,PLCE1,PPP1R7,PPP3R1,PPM1L,PRKAR1B,PPP2R5C,DRD4,DRD3,PPP3CA,PRKCA,PPP1R14C,ADCY2,GNAS,ITPR2,PPP1R1B,CSNK1G3,CHP1,GNAI1,KCNJ3,PAWR,PPP2R5A,CALM1	(includes	others),PRKAR2B,PRKCI,PRKG1,PRKAR1A31 BL	vs.	M62 0
Ephrin	Receptor	Signaling1,42 0,030 PAK1,EPHB4,VEGFC,EPHA3,GNG75 BL	vs.	M36 0
Epithelial	Adherens	Junction	Signaling1,83 0,197 TCF4,ARPC5,AFDN,BMPR2,CRK,PTEN,CTNNA2,AGGF1,AKT3,ACVR1C,ACTN1,EGFR,RAP1A,PTPRM,APC,FGF1,MET,CDH2,NOTCH4,MAGI1,CDC42,FER,SSX2IP,MAGI2,PARD325 M3	vs.	M65 0,04
Epithelial	Adherens	Junction	Signaling1,78 0,181 AKT2,TCF4,LMO7,SNAI1,AFDN,RAP1A,PTPRM,APC,PTEN,MET,CTNNA2,CDH2,NOTCH4,MAGI1,SORBS1,ARPC2,FER,ZYX,AKT3,ACTN4,PARD3,MAGI2,ACTN123 BL	vs.	M63 0,13
Fc	Epsilon	RI	Signaling1,31 0,168 MAP2K6,MAP2K4,AKT2,MAPK8,RAP1A,OCRL,PRKCZ,BTK,PRKCI,INPP5F,GAB1,VAV3,SYK,LYN,MAPK10,AKT3,FRS2,TNF,MAP2K1,PRKCA20 BL	vs.	M63 0,15
FcÎ³RIIB	Signaling	in	B	Lymphocytes1,50 0,194 MAP2K4,CACNB4,MAPK8,RAP1A,BTK,GAB1,SYK,CACNA2D1,LYN,MAPK10,CACNB2,DOK1,FRS2,CACNA2D314 BL	vs.	M63 0,07
FXR/RXR	Activation2,37 0,053 MLXIPL,SDC1,LIPC,FOXO1,MAPK105 BL	vs.	M36 0
G	Beta	Gamma	Signaling1,73 0,202 PRKACB,ADCY2,GNAS,GNA12,GNG2,CACNB4,CACNA1C,KCNJ3,RAP1A,PAK1,CDC42,CACNA2D1,SOS1,PRKAG2,AKT3,PRKCH,CACNB2,KCNJ6,CACNA2D3,GNAL,EGFR21 M3	vs.	M65 0,05
G	Beta	Gamma	Signaling2,20 0,202 PRKACB,ADCY2,AKT2,GNAS,GNA12,CACNB4,GNAI1,KCNJ3,RAP1A,PRKCZ,BTK,PRKCI,PRKAR2B,CACNA2D1,PRKAR1B,CAV1,AKT3,CACNB2,CACNA2D3,PRKCA,PRKAR1A21 BL	vs.	M62 0,05
GABA	Receptor	Signaling3,55 0,286 ADCY2,UBB,GNAS,ABAT,GABRA4,CACNB4,CACNA1C,GPHN,GABRP,GABRR3,NSF,SLC6A11,GABRG3,GAD2,CACNA2D1,SLC6A1,CACNB2,ADCY8,CACNA2D3,SLC6A1220 M3	vs.	M65 0
GÎ±12/13	Signaling1,91 0,041 CDH18,GAB1,LPAR1,MAPK10,MAP3K55 BL	vs.	M37 0
GÎ±i	Signaling1,71 0,185 PRKACB,ADCY2,GNAS,PTGER3,GRM8,GNAI1,RGS4,ADORA3,RAP1A,OPRL1,OPRD1,PRKAR2B,RAP1GAP,PRKAR1B,CAV1,RGS14,DRD4,DRD3,RALGDS,PRKAR1A20 BL	vs.	M62 0,05
GÎ±q	Signaling1,35 0,163 AKT2,HTR2B,GNAS,GRM1,ITPR2,CSK,CHP1,RGS4,RHOJ,PLD6,NFKB1,PRKCZ,PLD1,NFATC1,BTK,CALM1	(includes	others),PRKCI,GAB1,PPP3R1,AKT3,FRS2,MAP2K1,PPP3CA,PRKCA24 BL	vs.	M63 0,13
GNRH	Signaling1,57 0,033 PAK1,MAPK10,CACNA1C,MAP3K5,GNG75 BL	vs.	M37 0
GNRH	Signaling1,46 0,180 MAP2K6,PRKACB,MAP2K4,MAP3K5,PTK2,PAK1,SOS1,CACNB2,ADCY8,CACNA2D3,MAP2K1,EGFR,ADCY2,GNAS,ITPR2,MAP3K13,GNG2,CACNB4,CACNA1C,CREB5,RAP1A,CDC42,ITPR3,CACNA2D1,PRKAG2,MAPK10,PRKCH27 M3	vs.	M65 0,15
GNRH	Signaling1,48 0,167 MAP2K6,PRKACB,MAP2K4,NFKB1,PRKCZ,PTK2,PRKAR1B,MAP3K7,CACNB2,CACNA2D3,MAP2K1,PRKCA,ADCY2,GNAS,ITPR2,CACNB4,GNAI1,MAPK8,RAP1A,CALM1	(includes	others),PRKAR2B,PRKCI,CACNA2D1,MAPK10,PRKAR1A25 BL	vs.	M62 0,28
GP6	Signaling	Pathway1,96 0,042 ITGA2B,GAB1,COL4A6,LAMA4,COL22A15 BL	vs.	M36 0
GP6	Signaling	Pathway3,10 0,218 COL4A3,COL9A3,NOX1,PRKCZ,PTK2,AKT3,COL18A1,FRS2,PRKCA,AKT2,COL5A2,APBB1IP,LAMA2,BTK,CALM1	(includes	others),COL5A3,PRKCI,COL21A1,GAB1,LAMA4,SYK,COL23A1,LYN,ADAM10,LAMA3,COL24A126 BL	vs.	M63 0,15
GPCR-Mediated	Nutrient	Sensing	in	Enteroendocrine	Cells1,53 0,188 PRKACB,ADCY2,GNAS,ITPR2,CACNB4,GNAI1,PRKCZ,PRKCI,PRKAR2B,PLCE1,CACNA2D1,PRKAR1B,CACNB2,CACNA2D3,PRKAR1A,PRKCA16 BL	vs.	M62 0
Hepatic	Cholestasis1,68 0,174 MAP2K4,PRKACB,ABCB1,ADCY2,IL1RL1,TNFRSF1A,MAPK8,SLCO1A2,IL6,IL1R1,NFKB1,PRKCZ,IL18RAP,PRKCI,PRKAR2B,SLCO3A1,MAP3K7,PRKAR1B,MAPK10,ABCB11,RXRA,ESR1,TNF,PRKCA,PRKAR1A25 BL	vs.	M62 0,20
Hereditary	Breast	Cancer	Signaling1,54 0,184 NPM1,ARID2,MLH1,CHEK1,PTEN,FANCD2,HDAC11,SMARCB1,AKT3,BRCA1,BLM,CHEK2,HDAC9,UBB,HDAC4,HDAC8,PIK3C2A,WEE1,RPA1,FANCC,RAP1A,CDK1,BRD7,GAB1,SMARCC1,RFC326 M3	vs.	M65 0
HGF	Signaling2,71 0,052 DOCK1,PAK1,ELF3,GAB1,MAPK10,MAP3K56 BL	vs.	M37 0
HIPPO	signaling1,36 0,198 SMAD2,YAP1,WWTR1,DLG2,SMAD5,STK3,PPP2R5A,PPP2CB,TEAD1,PPP1CC,PPP2R2B,PPM1L,SCRIB,PPP2R2C,PPP2R5C,PARD316 M3	vs.	M65 0,25
HIPPO	signaling2,80 0,235 SMAD2,PPP1R14C,WWTR1,DLG2,SMAD5,LATS2,STK3,PRKCZ,PPP2R5A,SKP2,TEAD1,PPP1CC,PPP1R7,PPM1L,SCRIB,PPP2R5C,PARD3,CRB1,LATS119 BL	vs.	M63 0,21
Huntington's	Disease	Signaling2,02 0,167 MAP2K4,ATP5F1D,BDNF,CASP4,POLR2B,HSPA5,PRKCZ,CASP6,DYNC1I2,ARFIP2,IGF1R,VAMP3,CASP1,AKT3,GOSR1,CASP8,FRS2,PRKCA,HDAC9,UBB,CAPN6,AKT2,HDAC4,HDAC8,HDAC2,GRM1,GLS,ATP5F1A,MAPK8,DNM3,HIP1,ZDHHC17,PRKCI,GAB1,HTT,PSME4,CAPN9,CAPN2,CASP539 BL	vs.	M63 0,05
Î±-Adrenergic	Signaling1,33 0,181 PRKACB,ADCY2,GNAS,ITPR2,GNAI1,RAP1A,PRKCZ,CALM1	(includes	others),PRKCI,PRKAR2B,PRKAR1B,SLC8A1,MAP2K1,PRKAR1A,PRKCA15 BL	vs.	M62 0
IL-15	Production3,07 0,375 PTK2,PRKCI,TYK2,IL15,IL6,JAK2,NFKB1,PRKCZ,IRF19 BL	vs.	M63 1
IL-15	Signaling1,45 0,188 IL15RA,AKT2,IL15,TYK2,JAK2,IL6,NFKB1,RAP1A,PTK2,GAB1,SYK,AKT3,FRS2,TNF,MAP2K115 BL	vs.	M63 0,47
IL-17A	Signaling	in	Airway	Cells1,68 0,200 MAP2K4,AKT2,TYK2,MAPK8,CCL20,JAK2,IL6,NFKB1,PTEN,GAB1,MAP3K7,MAPK10,AKT3,FRS2,MAP2K115 BL	vs.	M63 0,33
IL-22	Signaling1,83 0,292 MAP2K4,AKT2,TYK2,MAPK8,MAPK10,AKT3,IL227 BL	vs.	M63 0,14
IL-6	Signaling1,32 0,167 MAP2K6,MAP2K4,ABCB1,AKT2,IL1RL1,TNFRSF1A,MAPK8,IL1R1,JAK2,IL6,NFKB1,RAP1A,IL18RAP,GAB1,MAP3K7,MAPK10,AKT3,FRS2,TNF,MAP4K4,MAP2K121 BL	vs.	M63 0,29
ILK	Signaling1,41 0,030 DOCK1,GAB1,SH2B2,MAPK10,VEGFC5 BL	vs.	M37 0
Insulin	Receptor	Signaling1,46 0,169 PRKACB,PPP1R14C,AKT2,MAPK8,NCK1,JAK2,OCRL,RAP1A,PRKCZ,EIF4E,PTEN,PPP1CC,PRKCI,PRKAR2B,FOXO1,INPP5F,GAB1,PPP1R7,PRKAR1B,AKT3,FRS2,MAP2K1,PRKAR1A23 BL	vs.	M62 0,04
Leukocyte	Extravasation	Signaling1,46 0,159 MAP2K4,MMP16,CXCL12,AFDN,NOX1,PRKCZ,PTK2,CTNNA2,MMP26,CLDN9,MMP12,FRS2,ACTN1,PRKCA,CLDN10,ARHGAP6,MAPK8,GNAI1,ITGA6,RAP1A,TEC,BTK,EDIL3,PRKCI,GAB1,RAP1GAP,VAV3,FER,MAPK10,ACTN4,MSN31 BL	vs.	M63 0,23
Melatonin	Signaling2,60 0,242 MAP2K6,PRKACB,MAP2K4,GNAI1,PRKCZ,CALM1	(includes	others),MTNR1B,PRKCI,PRKAR2B,PLCE1,ARAF,RORA,PRKAR1B,MAP2K1,PRKAR1A,PRKCA16 BL	vs.	M62 0,06
Molecular	Mechanisms	of	Cancer2,13 0,171 MAP2K4,PRKACB,GAB2,JAK1,RBL1,PTK2,CTNNA2,PAK1,BBC3,HIPK2,BRCA1,RALGDS,SMAD2,ARHGEF4,SMAD9,TYK2,RHOJ,CDK14,RAP1A,APC,BCL2L1,GAB1,CDC42,MAPK10,FZD6,PRKCH,CFLAR,ARHGEF10,ARHGEF9,GNAL,MAP2K6,CDK12,FYN,TCF4,LRP6,ABL1,BMPR2,CRK,SMAD5,MAP3K5,CHEK1,BCL2,NLK,FANCD2,SOS1,AKT3,CASP8,ADCY8,MAP2K1,CHEK2,ITGB1,PMAIP1,ADCY2,GNAS,PIK3C2A,HAT1,GNA12,CDK1,NF1,PRKAG2,RBPJ,PSEN162 M3	vs.	M65 0,21
Molecular	Mechanisms	of	Cancer1,94 0,154 MAP2K4,PRKACB,RBL1,PTK2,CTNNA2,RASGRF1,MAP3K7,FRS2,WNT5B,RALGDS,SMAD2,ARHGEF4,AKT2,TFDP1,ARHGEF15,PTCH1,TYK2,RHOJ,CDK14,RAP1A,APC,GAB1,MAPK10,ARHGEF10,MAP2K6,TCF4,LRP6,SMAD5,JAK2,NFKB1,PRKCZ,CHEK1,CDC25B,CASP6,NLK,FANCD2,CDK17,PRKAR1B,BID,AKT3,CASP8,MAP2K1,PRKCA,PMAIP1,ADCY2,GNAS,GNA12,GNAI1,MAPK8,BMP5,PRKAR2B,PRKCI,NF1,FOXO1,PRKAR1A,PSEN156 BL	vs.	M63 0,21
Netrin	Signaling3,88 0,327 PRKACB,RYR2,UNC5B,CACNB4,CHP1,CACNA1C,PRKG1,PPP3R1,CACNA2D1,RYR3,PRKAG2,NFATC2,CACNB2,ABLIM2,CACNA2D3,PPP3CA,UNC5C17 M3	vs.	M65 0
Netrin	Signaling3,84 0,308 PRKACB,RYR2,CACNB4,CHP1,NCK1,NFATC1,PRKAR2B,PRKG1,PPP3R1,CACNA2D1,PRKAR1B,CACNB2,CACNA2D3,PPP3CA,PRKAR1A,UNC5C16 BL	vs.	M62 0
Neuroinflammation	Signaling	Pathway2,14 0,178 MAP2K4,JAK1,GABRA4,BDNF,BMPR2,MFGE8,IL6,CX3CR1,NGF,NOX1,BCL2,GRINA,GABRR3,GABRG3,IKBKB,GAD2,HLA-DRB1,PPP3R1,CASP1,AKT3,CASP8,ACVR1C,PPP3CA,IFNG,VCAM1,PIK3C2A,TYK2,CHP1,KCNJ3,IL1R1,CREB5,GABRP,APP,SLC6A11,PLA2G4A,PLA2G4D,GAB1,TLR5,NCF2,SLC6A1,MAPK10,NFATC2,SLC1A2,CFLAR,KCNJ6,IFNA1/IFNA13,HLA-DRB5,SLC6A12,PSEN149 M3	vs.	M65 0,24
Neuroinflammation	Signaling	Pathway1,52 0,153 MAP2K4,BDNF,CXCL12,MFGE8,IL6,JAK2,NFKB1,NFATC1,NOX1,GRINA,GABRR3,GABRG3,TLR10,HLA-DRB1,GABRG1,PPP3R1,CASP1,GABRB1,AKT3,CASP8,FRS2,PPP3CA,AKT2,NOX4,TNFRSF1A,GLS,TYK2,CHP1,MAPK8,KCNJ3,IL1R1,APP,GAB1,TLR5,HLA-C,SYK,CALB2,MAPK10,SLC1A2,TNF,HLA-DRB5,PSEN142 BL	vs.	M63 0,38
Nitric	Oxide	Signaling	in	the	Cardiovascular	System1,72 0,188 PRKACB,AKT2,ITPR2,RYR2,VEGFC,PDE1A,PRKCZ,CALM1	(includes	others),PRKCI,PRKAR2B,PRKG1,GAB1,PRKAR1B,CAV1,AKT3,FRS2,MAP2K1,PRKAR1A,PRKCA19 BL	vs.	M62 0,05
nNOS	Signaling	in	Neurons3,04 0,295 NOS1,CAPN6,CHP1,DLG2,PRKCZ,GRINA,CALM1	(includes	others),PRKCI,PPP3R1,CAPN2,CAPN9,PPP3CA,PRKCA13 BL	vs.	M62 0
nNOS	Signaling	in	Skeletal	Muscle	Cells2,03 0,300 SNTB2,RYR2,CACNA2D1,CACNB4,RYR3,CACNA1C,DMD,CACNB2,CACNA2D39 M3	vs.	M65 0
nNOS	Signaling	in	Skeletal	Muscle	Cells1,78 0,267 NOS1,CALM1	(includes	others),RYR2,CACNA2D1,CACNB4,DMD,CACNB2,CACNA2D38 BL	vs.	M62 0
Opioid	Signaling	Pathway2,63 0,195 MAP2K6,MAP2K4,PRKACB,FYN,RGS3,PDE1A,RGS12,GRINA,BLK,PPP3R1,SOS1,RYR3,AKT3,RGS14,CACNB2,RPS6KA2,ADCY8,MAP2K1,CACNA2D3,PPP3CA,ADCY2,GNAS,RGS20,ITPR2,RYR2,GNG2,CACNB4,CLTC,CACNA1C,KCNJ3,NPBWR2,CREB5,RAP1A,OPRD1,CDC42,CACNA2D1,ITPR3,LYN,PRKAG2,PRKCH,KCNJ6,GNAL42 M3	vs.	M65 0,07
Opioid	Signaling	Pathway2,92 0,186 MAP2K6,MAP2K4,PRKACB,NOS1,RGS3,PDE1A,NFKB1,PRKCZ,GRINA,OPRL1,BLK,PPP3R1,PRKAR1B,AKT3,RGS14,CACNB2,RGS13,RPS6KA2,MAP2K1,CACNA2D3,PPP3CA,PRKCA,ADCY2,AKT2,GNAS,ITPR2,RYR2,CACNB4,GNAI1,RGS4,KCNJ3,RAP1A,OPRD1,CALM1	(includes	others),RPS6KA6,PRKAR2B,PRKCI,CACNA2D1,LYN,PRKAR1A40 BL	vs.	M62 0,10
Paxillin	Signaling2,12 0,046 DOCK1,PAK1,ITGA2B,GAB1,MAPK105 BL	vs.	M37 0
Phototransduction	Pathway2,15 0,270 PRKACB,GUCA1A,PRKAR2B,CNGB1,OPN5,PRKAR1B,GUCA1B,CNGA1,PDE6B,PRKAR1A10 BL	vs.	M62 0
PI3K/AKT	Signaling1,91 0,041 JAK1,FOXO1,GAB1,HSP90AA1,MAP3K55 BL	vs.	M37 0,20
PI3K/AKT	Signaling1,73 0,195 ITGB1,GAB2,JAK1,GDF15,TYK2,MAP3K5,OCRL,RAP1A,PPP2R5A,BCL2,PTEN,BCL2L1,PPP2CB,IKBKB,GAB1,FOXO3,PPP2R2B,SOS1,PPM1L,AKT3,PPP2R5C,PPP2R2C,MAP2K1,THEM424 M3	vs.	M65 0,08
PPARÎ±/RXRÎ±	Activation1,34 0,160 MAP2K6,PRKACB,MAP2K4,IL1RL1,CD36,IL6,JAK2,NFKB1,PLCE1,PRKAR1B,MAP3K7,CLOCK,MAP2K1,PRKCA,SMAD2,ADCY2,GNAS,MAPK8,IL1R1,RAP1A,NCOA3,IL18RAP,PRKAR2B,RXRA,MAP4K4,PRKAR1A26 BL	vs.	M62 0,31
Production	of	Nitric	Oxide	and	Reactive	Oxygen	Species	in	Macrophages1,80 0,170 MAP2K4,APOC4,JAK2,NFKB1,PRKCZ,PON1,PPP1CC,PPP1R7,HOXA10,PPM1L,MAP3K7,AKT3,PPP2R5C,MAP2K1,FRS2,PRKCA,PPP1R14C,AKT2,TNFRSF1A,TYK2,MAPK8,RHOJ,RAP1A,PPP2R5A,IRF1,PRKCI,GAB1,MAPK10,TNF,RBP430 BL	vs.	M63 0,20
Protein	Kinase	A	Signaling2,36 0,176 PRKACB,PTEN,PTK2,ROCK2,PHKB,RHO,PDE7B,PTPRO,PPP3R1,RYR3,DUSP12,EYA2,PTPRG,PTPN6,PTPRD,ITPR2,PDE10A,GNG2,PTPN3,CREB5,PTP4A1,PTPRM,CNGA1,RAP1A,AKAP13,ANAPC4,DUSP1,ITPR3,EYA3,PRKCH,PTPRA,AKAP12,TCF4,GDPD1,PTPN2,PDE1A,PTPN12,PLCH1,AKAP2,PPP1CC,GLI3,FLNA,PTPN1,PDE4D,ADCY8,MAP2K1,PPP3CA,MTMR3,ADCY2,GNAS,PTPRK,RYR2,CHP1,AKAP6,PLD6,ADD1,PRKAG2,NFATC2,PTPRR,DUSP1660 M3	vs.	M65 0,03
Protein	Kinase	A	Signaling2,93 0,170 PRKACB,PTEN,PTK2,PLCE1,PDE7B,PPP1R7,PPP3R1,PDE6B,PPP1R14C,PTPRD,PPP1R1B,ITPR2,PDE10A,PTCH1,PTPN3,PTP4A1,PTPRM,RAP1A,CNGA1,HIST1H1A,AKAP13,CNGB1,AKAP12,TCF4,PDE7A,DUSP22,PDE1A,NFKB1,AKAP7,PTPN12,PRKCZ,NFATC1,AKAP11,CDC25B,AKAP2,PPP1CC,GLI3,PRKAR1B,PTPRZ1,PDE4D,MAP2K1,PPP3CA,PRKCA,MTMR3,ADCY2,GNAS,PTPRK,RYR2,CHP1,GNAI1,AKAP6,PLD6,CALM1	(includes	others),PRKAR2B,PRKCI,PTPRR,PRKAR1A,DUSP1658 BL	vs.	M62 0,09
PTEN	Signaling1,94 0,203 ITGB1,MAST2,FLT1,BMPR2,MAGIX,OCRL,IGF2R,RAP1A,DDR1,BCL2,PTEN,PTK2,BCL2L1,IKBKB,MAGI1,CDC42,FOXO3,SOS1,IGF1R,AKT3,INSR,MAGI2,MAP2K1,EGFR24 M3	vs.	M65 0,17
PXR/RXR	Activation2,41 0,255 PRKACB,ABCB1,AKT2,PRKAR2B,FOXO1,PRKAR1B,NCOA1,ABCB11,AKT3,IL6,RXRA,TNF,PRKAR1A13 BL	vs.	M62 0,08
Rac	Signaling1,46 0,188 ITGB1,MAP2K4,TIAM1,PIK3C2A,ARPC5,RAP1A,NOX1,PLD1,ANK1,PTK2,MCF2L,PAK1,GAB1,PIP5K1C,CYFIP1,CDC42,NCF2,SH3RF1,PARD3,PIP4K2A,MAP2K1,ELK422 M3	vs.	M65 0,27
Rac	Signaling2,21 0,197 MAP2K4,TIAM1,NOX4,MAPK8,NFKB1,RAP1A,PRKCZ,NOX1,PLD1,PTK2,MCF2L,IQGAP2,PRKCI,ARFIP2,GAB1,PIP5K1C,CYFIP1,ARPC2,SH3RF1,PARD3,FRS2,PIP4K2A,MAP2K123 BL	vs.	M63 0,48
RAR	Activation1,97 0,175 MAP2K4,PRKACB,ARID2,SMAD5,JAK2,NFKB1,PRKCZ,PTEN,RARB,PRKAR1B,AKT3,MAP2K1,PRKCA,SMAD2,ADCY2,AKT2,CCNH,CSK,MAPK8,BRD7,PRKAR2B,RBP7,PRKCI,MAPK10,NCOA1,GTF2H1,RXRA,HLTF,RBP4,PRKAR1A30 BL	vs.	M62 0,27
Relaxin	Signaling1,40 0,167 PRKACB,ADCY2,AKT2,GNAS,PDE7A,PDE10A,GNA12,GNAI1,PLD6,PDE1A,NFKB1,RAP1A,PRKCZ,PRKAR2B,PDE7B,GAB1,PRKAR1B,AKT3,PDE4D,FRS2,MAP2K1,PDE6B,PRKAR1A23 BL	vs.	M62 0,13
Renin-Angiotensin	Signaling1,67 0,181 MAP2K4,PRKACB,ADCY2,ITPR2,MAPK8,JAK2,NFKB1,RAP1A,PRKCZ,NOX1,PTK2,PRKCI,PRKAR2B,GAB1,PRKAR1B,MAPK10,FRS2,TNF,MAP2K1,PRKCA,PRKAR1A21 BL	vs.	M62 0,38
Role	of	BRCA1	in	DNA	Damage	Response2,64 0,250 IFNG,RBL2,RPA1,ARID2,FANCC,RBL1,BRCC3,MLH1,CHEK1,BRD7,FANCD2,SMARCB1,SMARCC1,BRIP1,BRCA1,BLM,BABAM2,CHEK2,RFC319 M3	vs.	M65 0,05
Role	of	BRCA1	in	DNA	Damage	Response1,33 0,184 RBL2,RBBP8,ARID2,RPA1,FANCC,RBL1,RAD50,CHEK1,BRD7,POU2F1,FANCD2,RFC2,HLTF,RFC314 BL	vs.	M63 0
Role	of	CHK	Proteins	in	Cell	Cycle	Checkpoint	Control1,77 0,236 RPA1,PPP2R5A,CDK1,CHEK1,PPP2CB,PPM1L,HUS1,PPP2R2B,PPP2R2C,PPP2R5C,BRCA1,CHEK2,RFC313 M3	vs.	M65 0
Role	of	JAK	family	kinases	in	IL-6-type	Cytokine	Signaling1,73 0,280 MAP2K4,TYK2,MAPK8,MAPK10,OSMR,IL6,JAK27 BL	vs.	M63 0,29
Role	of	JAK1,	JAK2	and	TYK2	in	Interferon	Signaling2,27 0,348 IFNG,PTPN6,JAK1,PTPN2,TSHB,TYK2,STAT2,IFNA1/IFNA138 M3	vs.	M65 0,13
Role	of	NFAT	in	Cardiac	Hypertrophy3,71 0,203 MAP2K6,MAP2K4,PRKACB,IL6,PRKCZ,PLCE1,PPP3R1,IGF1R,MAP3K7,PRKAR1B,AKT3,CACNB2,MAP2K1,FRS2,CACNA2D3,PPP3CA,PRKCA,HDAC9,AKT2,ADCY2,GNAS,HDAC4,HDAC2,HDAC8,ITPR2,CHP1,CACNB4,GNAI1,MAPK8,RAP1A,RCAN1,CALM1	(includes	others),PRKAR2B,PRKCI,GAB1,CACNA2D1,MAPK10,SLC8A1,RCAN2,PRKAR1A40 BL	vs.	M62 0,08
Role	of	Osteoblasts,	Osteoclasts	and	Chondrocytes	in	Rheumatoid	Arthritis1,99 0,033 FOXO1,GAB1,DKK3,MAPK10,IL1R1,MAP3K5,TCF7L27 BL	vs.	M37 0
Role	of	PKR	in	Interferon	Induction	and	Antiviral	Response1,41 0,220 MAP2K6,TNFRSF1A,MAP3K7,BID,EIF2AK2,CASP8,NFKB1,TNF,IRF19 BL	vs.	M63 0,89
Sertoli	Cell-Sertoli	Cell	Junction	Signaling2,08 0,180 MAP2K4,PRKACB,SPTBN1,NOS1,AFDN,PTEN,MPP6,CTNNA2,TJAP1,SORBS1,PRKAR1B,MAP3K7,AKT3,CLDN9,MAP2K1,ACTN1,CLDN10,AKT2,TNFRSF1A,TJP1,MAPK8,RAP1A,PRKAR2B,PRKG1,MAPK10,ACTN4,MAGI2,TNF,PRKAR1A29 BL	vs.	M63 0,07
Signaling	by	Rho	Family	GTPases1,45 0,028 PAK1,CDH18,GAB1,SEPT10,MAPK10,GNG76 BL	vs.	M37 0
Sonic	Hedgehog	Signaling2,07 0,296 PRKACB,PRKAR2B,GLI3,PTCH1,PRKAR1B,HHIP,PRKAR1A,DYRK1A8 BL	vs.	M62 0
Sperm	Motility1,73 0,202 PNPLA8,PRKACB,SLC16A10,ATP1A4,GNAS,GUCY1A1,ZAN,ITPR2,PLA2R1,PDE1A,CNGA1,PLCH1,PTK2,PLA2G4A,PLA2G4D,PRKG1,ITPR3,PRKAG2,PRKCH,PDE4D,PAFAH1B121 M3	vs.	M65 0,10
Sperm	Motility1,33 0,173 PRKACB,GNAS,ITPR2,PLA2R1,PDE1A,CNGA1,PRKCZ,PTK2,CALM1	(includes	others),PRKCI,CNGB1,PRKAR2B,PRKG1,PLCE1,PRKAR1B,PDE4D,PRKAR1A,PRKCA18 BL	vs.	M62 0,11
Superpathway	of	D-myo-inositol	(1,4,5)-trisphosphate	Metabolism1,49 0,273 IMPAD1,ITPKB,INPP5F,INPP5A,OCRL,PTEN6 BL	vs.	M61 0
Superpathway	of	Inositol	Phosphate	Compounds1,62 0,175 FYN,PTPN2,NUDT14,PPM1K,PPFIA2,INPP5A,PTPN12,OCRL,PLCH1,MTMR8,PTEN,MTMR6,PPP1CC,PTPRO,ERBB4,PTPN1,PRUNE1,MTMR2,NUDT4,DUSP12,PPP3CA,EGFR,PTPN6,PIK3C2A,PPTC7,FIG4,PTPRM,PPP2R5A,MET,ITPK1,TNS3,GAB1,DUSP1,PIP5K1C,MTMR7,PIP4K2A,DUSP1637 M3	vs.	M64 0,05
Superpathway	of	Inositol	Phosphate	Compounds1,60 0,160 G6PC2,NUDT3,NUDT14,PPFIA2,INPP5A,PTPN12,OCRL,MTMR8,PTEN,CDC25B,MTMR6,PPP1CC,PLCE1,ITPKB,PPP1R7,FRS2,PPP3CA,PPFIA1,PPP1R1B,PP2D1,PAWR,PTPRM,PPP2R5A,MET,ITPK1,PI4K2A,GAB1,INPP5F,PPP1R16B,PIP5K1C,PPM1H,MTMR7,PIP4K2A,DUSP1634 BL	vs.	M61 0,03
Synaptic	Long	Term	Depression3,44 0,228 GRID2,PLA2R1,GRIA4,PLCH1,RYR3,PPM1L,IGF1R,PPP2R5C,CACNB2,PPP2R2C,MAP2K1,CACNA2D3,PNPLA8,GNAS,GUCY1A1,ITPR2,GRM8,GNA12,RYR2,CACNB4,CACNA1C,RAP1A,PPP2R5A,PPP2CB,PLA2G4A,PLA2G4D,PRKG1,PPP2R2B,CACNA2D1,ITPR3,LYN,PRKCH,PAFAH1B1,GNAL34 M3	vs.	M65 0
Synaptic	Long	Term	Depression1,75 0,174 NOS1,GRID2,PLA2R1,PRKCZ,PLCE1,PPM1L,IGF1R,PPP2R5C,CACNB2,CACNA2D3,MAP2K1,PRKCA,GNAS,ITPR2,GRM1,GRM8,GNA12,CACNB4,RYR2,GNAI1,RAP1A,PPP2R5A,PRKCI,PRKG1,CACNA2D1,LYN26 BL	vs.	M62 0
Synaptic	Long	Term	Potentiation1,75 0,184 PRKACB,PPP1R14C,GRM8,GRM1,ITPR2,CHP1,RAP1A,PRKCZ,GRINA,CALM1	(includes	others),PPP1CC,PRKCI,PRKAR2B,PLCE1,PPP1R7,PPP3R1,PRKAR1B,MAP2K1,PPP3CA,PRKCA,PRKAR1A21 BL	vs.	M62 0
Tec	Kinase	Signaling1,52 0,032 PAK1,JAK1,GAB1,MAPK10,GNG75 BL	vs.	M37 0
Telomerase	Signaling1,79 0,202 HDAC9,HDAC4,PIK3C2A,HDAC8,ABL1,RAP1A,PPP2R5A,PPP2CB,ELF4,ELF2,GAB1,HDAC11,PPP2R2B,TEP1,PPM1L,SOS1,AKT3,PPP2R5C,PPP2R2C,ELK3,MAP2K1,EGFR22 M3	vs.	M65 0,05
Tight	Junction	Signaling1,60 0,173 PRKACB,CLDN10,AKT2,F2RL2,TIAM1,TJP1,TNFRSF1A,AFDN,NFKB1,PRKCZ,PPP2R5A,PTEN,PRKCI,PRKAR2B,PPM1L,PRKAR1B,VAMP3,AKT3,PPP2R5C,CLDN9,GOSR1,MAGI2,TNF,PRKAR1A24 BL	vs.	M62 0,13
Type	I	Diabetes	Mellitus	Signaling2,19 0,048 JAK1,HLA-DRB1,MAPK10,IL1R1,MAP3K55 BL	vs.	M37 0,20
Type	II	Diabetes	Mellitus	Signaling1,78 0,038 GAB1,SH2B2,MAPK10,CACNA1C,MAP3K55 BL	vs.	M37 0
Type	II	Diabetes	Mellitus	Signaling1,36 0,167 MAP2K4,ACSL3,AKT2,TNFRSF1A,CD36,CACNB4,MAPK8,NFKB1,PRKCZ,PRKCI,GAB1,CACNA2D1,GCK,MAP3K7,MAPK10,AKT3,ACSL4,CACNB2,CACNA2D3,FRS2,TNF,PRKCA22 BL	vs.	M63 0,36 S
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Supplementary	Table	4.	Functions	affected	by	differentially	methylated	genes	in	CD4+	T-cells	after	treatment	with	DMF.

Categories Diseases	or	Functions	Annotation P-val Molecules N	mol Group

Hematological	System	Development	and	Function,	Tissue	MorphologyQuantity	of	mononuclear	leukocytes 3,90E-02 CDK6,CHST2,CXCL13,DKK3,DMD,DNMT3A,ELK4,FOXO1,HLA-DRB1,IKZF3,IL1R1,JAK1,mir-10,NPY,PTPRJ,SDC1,SH2B2,TANK18 BL	vs.	M3
Cell	Death	and	Survival Apoptosis	of	B	lymphocytes 1,65E-02 BCL11A,BCL2A1,BMF,BTK,CASP1,CASP4,CASP8,CD22,DICER1,DKK3,EIF4E,FANCC,FNIP1,FOXP1,IL6,ITPR2,LYN,mir-17,NFATC1,NFKB1,PTEN,SKIL,SLC39A10,SPIB,TNF,VAV326 BL	vs.	M6
Cell	Death	and	Survival Apoptosis	of	B-lymphocyte	derived	cell	lines 1,65E-02 BCL2A1,BCR,BLK,CASP8,DAPK1,ETV6,FIP1L1,FOXO1,GRID2,IL6,JAK2,LYN,MAP2K4,MAPK8,MET,PIM1,PLCE1,PMAIP1,PRKCZ,PRL,PTEN,SYK,TNC,TNF24 BL	vs.	M6
Cell	Death	and	Survival Apoptosis	of	leukocyte	cell	lines 4,56E-02 BCL2A1,BCR,BLK,CASP8,DAPK1,EIF2AK2,ESR1,ETV6,FIP1L1,FOXO1,GRID2,IFIH1,IL32,IL6,JAK2,LYN,MAP2K1,MAP2K4,MAPK8,MET,NFKB1,PIM1,PLCE1,PMAIP1,PRKCZ,PRL,PTEN,RUNX1,SYK,TNC,TNF,TNFRSF1A32 BL	vs.	M6
Cell	Cycle Arrest	in	G1	phase 2,01E-02 BCR,DCN,FOXO1,GRID2,JAK2,MAPK8,MET,NFKB18 BL	vs.	M6
Cell	Cycle Arrest	in	G1	phase	of	B-lymphocyte	derived	cell	lines 6,35E-03 BCR,FOXO1,GRID2,JAK2,MAPK8,MET6 BL	vs.	M6
Infectious	Diseases Bacterial	Infections 2,86E-02 CASP1,CASP4,CSK,IL6,TNF5 BL	vs.	M6
Cell	Death	and	Survival Cell	death	of	B-lymphocyte	derived	cell	lines 1,65E-02 BCL2A1,BCR,BLK,CASP8,DAPK1,ETV6,FIP1L1,FOXO1,GLS,GRID2,IL6,JAK2,LYN,MAP2K4,MAPK8,MET,PIM1,PLCE1,PMAIP1,PRKCZ,PRL,PTEN,SYK,TNC,TNF25 BL	vs.	M6
Cell	Death	and	Survival Cell	death	of	leukocyte	cell	lines 1,53E-02 ANTXR1,BCL2A1,BCR,BLK,CASP1,CASP8,DAPK1,EIF2AK2,ESR1,ETV6,FIP1L1,FOXO1,GLS,GRID2,GZMA,HSPA5,IFIH1,IL15,IL32,IL6,JAK2,LYN,MAP2K1,MAP2K4,MAPK8,MET,NFKB1,PIM1,PLCE1,PMAIP1,PRKCZ,PRL,PTEN,RUNX1,SYK,TFDP1,TNC,TNF,TNFRSF1A39 BL	vs.	M6
Cellular	Movement,	Hematological	System	Development	and	Function,	Immune	Cell	TraffickingCell	movement	of	naive	lymphocytes 1,21E-02 BACH2,CCL20,CXCL12,CXCL13,JAK2,TNF6 BL	vs.	M6
Cellular	Development,	Cellular	Growth	and	Proliferation,	Hematological	System	Development	and	FunctionCell	proliferation	of	leukocyte	cell	lines 3,27E-02 ABL2,BCR,BLK,BTK,CAV1,CCDC6,CSGALNACT1,CXCL12,ETV6,FGF9,FIP1L1,FOXO1,GAB1,GFI1B,GRID2,HIP1,IGF1R,IL15,IL22,IL6,JAK2,LYN,MAMDC2,MAP2K1,MAP2K4,MET,MPRIP,MS4A4A,MSI2,NRG1,PIM1,PLCE1,PRL,PTHLH,PTK2,PTPRK,RNLS,SDC2,SKP2,SPIDR,SYK,TNF,TYK2,UQCRB44 BL	vs.	M6
Cellular	Development,	Hematological	System	Development	and	Function,	HematopoiesisCommitment	of	lymphocytes 6,35E-03 DTX1,EBF1,IL6,PAX5,PRKCA,TCF126 BL	vs.	M6
Cell	Death	and	Survival Delay	in	apoptosis	of	phagocytes 1,59E-02 CASP1,CASP4,IL6,LTBR,TNF5 BL	vs.	M6
Cellular	Development,	Cellular	Growth	and	Proliferation,	Embryonic	Development,	Hematological	System	Development	and	Function,	Hematopoiesis,	Humoral	Immune	Response,	Lymphoid	Tissue	Structure	and	Development,	Organ	Development,	Organismal	Development,	Tissue	DevelopmentDevelopment	of	B	lymphocytes 2,19E-02 ADAM10,AFF1,AKT2,BCL6,BLK,BTK,CXCL12,DICER1,DTX1,EBF1,FNIP1,FOXO1,IL6,ITPKB,LYN,MAP2K1,MIB1,mir-17,NFKB1,PAX5,PTEN,RORA,SYK,TCF12,TCF4,TEC,UBE2N,VAV328 BL	vs.	M6
Cellular	Development,	Cellular	Growth	and	Proliferation,	Embryonic	Development,	Hematological	System	Development	and	Function,	Hematopoiesis,	Humoral	Immune	Response,	Lymphoid	Tissue	Structure	and	Development,	Organ	Development,	Organismal	Development,	Tissue	DevelopmentDevelopment	of	B-1	lymphocytes 1,71E-03 AKT2,BTK,EBF1,LYN,PTEN,TEC,UBE2N7 BL	vs.	M6
Cellular	Development,	Cellular	Growth	and	Proliferation,	Hematological	System	Development	and	Function,	Hematopoiesis,	Lymphoid	Tissue	Structure	and	Development,	Tissue	DevelopmentDevelopment	of	bone	marrow-derived	macrophages 4,00E-02 AKAP13,CAV1,FOXO1,IL1RL1,IL6,TNF,TNFRSF1A,VAV38 BL	vs.	M6
Cellular	Development,	Cellular	Growth	and	Proliferation,	Embryonic	Development,	Hematological	System	Development	and	Function,	Hematopoiesis,	Humoral	Immune	Response,	Lymphoid	Tissue	Structure	and	Development,	Organ	Development,	Organismal	Development,	Tissue	DevelopmentDevelopment	of	follicular	B	lymphocytes 1,17E-02 ADAM10,AKT2,BTK,DICER1,LYN,MIB1,UBE2N7 BL	vs.	M6
Cellular	Development,	Cellular	Growth	and	Proliferation,	Embryonic	Development,	Hematological	System	Development	and	Function,	Hematopoiesis,	Humoral	Immune	Response,	Lymphoid	Tissue	Structure	and	Development,	Organ	Development,	Organismal	Development,	Tissue	DevelopmentDevelopment	of	marginal-zone	B	lymphocytes 6,35E-03 ADAM10,AKT2,BTK,LYN,MIB1,UBE2N6 BL	vs.	M6
Cellular	Development,	Cellular	Growth	and	Proliferation,	Embryonic	Development,	Hematological	System	Development	and	Function,	Hematopoiesis,	Humoral	Immune	Response,	Lymphoid	Tissue	Structure	and	Development,	Organ	Development,	Organismal	Development,	Tissue	DevelopmentDevelopment	of	plasma	cells 2,86E-02 BCL6,CXCL12,DICER1,IL6,LYN5 BL	vs.	M6
Cellular	Development,	Cellular	Growth	and	Proliferation,	Hematological	System	Development	and	Function,	Hematopoiesis,	Tissue	DevelopmentDifferentiation	of	myeloid	progenitor	cells 4,84E-02 BTK,FIP1L1,IL15,IL15RA,IL6,TNF6 BL	vs.	M6
Cellular	Development,	Cellular	Growth	and	Proliferation,	Embryonic	Development,	Hematological	System	Development	and	Function,	Hematopoiesis,	Lymphoid	Tissue	Structure	and	Development,	Organ	Development,	Organismal	Development,	Tissue	DevelopmentDifferentiation	of	naive	lymphocytes 4,55E-02 AHR,BCL6,EFNB2,FOXO1,IL15,IL6,LAMP1,RUNX1,STAT4,SYK,TLR5,TNF12 BL	vs.	M6
Cellular	Development,	Cellular	Growth	and	Proliferation,	Embryonic	Development,	Hematological	System	Development	and	Function,	Hematopoiesis,	Humoral	Immune	Response,	Lymphoid	Tissue	Structure	and	Development,	Organ	Development,	Organismal	Development,	Tissue	DevelopmentDifferentiation	of	pro-B	lymphocytes 4,00E-02 BLK,EBF1,ETV6,LYN,PAX5,RUNX1,SPIB,TNF8 BL	vs.	M6
Cell-To-Cell	Signaling	and	Interaction,	Inflammatory	Response Immune	response	of	leukocyte	cell	lines 4,84E-02 APP,CD38,FOXO1,KLRF1,PRKCZ,SYK6 BL	vs.	M6
Cell	Cycle Interphase	of	leukocyte	cell	lines 1,35E-02 BCR,CXCL12,FOXO1,GRID2,JAK2,MAPK8,MET,RUNX18 BL	vs.	M6
Cell	Death	and	Survival Killing	of	leukocyte	cell	lines 4,00E-02 CD22,EXOC2,IL15,KLRC1,LAMP1,PIP5K1C6 BL	vs.	M6
Cellular	Movement,	Hematological	System	Development	and	Function,	Immune	Cell	TraffickingMigration	of	naive	lymphocytes 7,63E-03 BACH2,CXCL12,CXCL13,JAK2,TNF5 BL	vs.	M6
Hematological	System	Development	and	Function,	Lymphoid	Tissue	Structure	and	Development,	Tissue	MorphologyMorphology	of	lymph	follicle 8,88E-03 BACH2,EPS15,FNIP1,GNA12,LTBR,PRKCZ6 BL	vs.	M6
Cellular	Development,	Cellular	Growth	and	Proliferation,	Connective	Tissue	Development	and	Function,	Hematological	System	Development	and	Function,	Hematopoiesis,	Lymphoid	Tissue	Structure	and	Development,	Skeletal	and	Muscular	System	Development	and	Function,	Tissue	DevelopmentOsteoclastogenesis	of	macrophages 4,42E-02 CAST,CAV1,DICER1,FOXO1,IL6,NFATC1,TNF,TNFRSF1A,VAV39 BL	vs.	M6
Cellular	Development,	Cellular	Growth	and	Proliferation,	Hematological	System	Development	and	Function,	Hematopoiesis,	Lymphoid	Tissue	Structure	and	Development,	Skeletal	and	Muscular	System	Development	and	Function,	Tissue	DevelopmentOsteoclastogenesis	of	phagocytes 4,17E-02 CAST,CAV1,DICER1,FOXO1,IL6,MFGE8,NFATC1,TNF,TNFRSF1A,VAV310 BL	vs.	M6
Cell	Morphology Polarization	of	Th17	cells 2,86E-02 AHR,CD36,IL15,IL6,STAT45 BL	vs.	M6
Hematological	System	Development	and	Function,	Hypersensitivity	Response,	Inflammatory	Response,	Tissue	MorphologyQuantity	of	mast	cells 1,68E-02 BCL2A1,CASP1,CASP8,IL1RL1,IL6,JAK2,LYN,NF1,PTEN,PTK2,SELE,TNF12 BL	vs.	M6
Hematological	System	Development	and	Function,	Hematopoiesis,	Humoral	Immune	Response,	Lymphoid	Tissue	Structure	and	Development,	Tissue	MorphologyQuantity	of	pre-B	lymphocytes 2,30E-02 AFF1,AKAP13,ARHGDIA,ARID5B,BLK,BMF,BTK,CD22,CD36,CXCL12,DKK3,EBF1,EPS15,FNIP1,GLI3,IL6,KIDINS220,LYN,mir-17,PIM1,SYK,TCF12,TCF4,TEC24 BL	vs.	M6
Cell	Signaling,	Small	Molecule	Biochemistry Synthesis	of	nitric	oxide 3,61E-02 ALOX5,APP,BDNF,CD300LF,DOK1,GNAI1,IL15,IL6,IRF1,JAK2,MAPK8,PTK2,SLC7A2,STAT4,TNF,TNFRSF1A,TYK217 BL	vs.	M6
Connective	Tissue	Disorders,	Immunological	Disease,	Inflammatory	Disease,	Inflammatory	Response,	Organismal	Injury	and	Abnormalities,	Skeletal	and	Muscular	DisordersSystemic	juvenile	idiopathic	arthritis 2,81E-02 ASAP1,ATP2B1,CA2,GALNT1,GRAMD1A,JMJD1C,MCTP2,PHF20,R3HDM2,RBP7,TBCD,UBB,VPS53,ZNF32614 BL	vs.	M6
Gene	Expression Transactivation	of	RNA 1,59E-02 CD300LB,CD300LF,IRF1,PLCE1,TAF4B5 BL	vs.	M6
Cellular	Movement,	Hematological	System	Development	and	Function,	Immune	Cell	TraffickingTransendothelial	migration	of	lymphocytes 4,07E-02 CAV1,CXCL12,ENPP2,NOTCH4,RAP1A,TNF,TNFRSF1A7 BL	vs.	M6
Cellular	Movement,	Hematological	System	Development	and	Function,	Immune	Cell	TraffickingTransendothelial	migration	of	mononuclear	leukocytes 3,41E-02 CAV1,CCL7,CXCL12,ENPP2,NOTCH4,RAP1A,TNF,TNFRSF1A8 BL	vs.	M6
Cancer Transformation	of	B-lymphocyte	derived	cell	lines 4,63E-02 ETV6,FIP1L1,HIP1,JAK2,STYK15 BL	vs.	M6
Cell-mediated	Immune	Response,	Cellular	Development,	Cellular	Function	and	Maintenance,	Cellular	Growth	and	Proliferation,	Embryonic	Development,	Hematological	System	Development	and	Function,	Hematopoiesis,	Lymphoid	Tissue	Structure	and	Development,	Organ	Development,	Organismal	Development,	Tissue	DevelopmentTransition	of	thymocytes 1,13E-02 BDNF,CHEK1,DOK1,HDAC2,PTGS15 BL	vs.	M6
Cellular	Function	and	Maintenance Turnover	of	cells 2,16E-02 CCL20,CD22,DICER1,IL15,NFKB15 BL	vs.	M6
Cell	Morphology,	Humoral	Immune	Response,	Immunological	Disease,	Lymphoid	Tissue	Structure	and	DevelopmentAbnormal	morphology	of	B-1	lymphocytes 1,69E-02 CARD11,CR2,EBF1,IKZF1,MALT15 M3	vs.	M6
Hematological	System	Development	and	Function,	Immune	Cell	Trafficking,	Inflammatory	Response,	Tissue	DevelopmentAccumulation	of	regulatory	T	lymphocytes 3,21E-02 EGFR,IFNG,IKBKB,IL6,NFATC2,PTEN6 M3	vs.	M6
Cell-To-Cell	Signaling	and	Interaction,	Hematological	System	Development	and	Function,	Immune	Cell	Trafficking,	Inflammatory	ResponseActivation	of	regulatory	T	lymphocytes 3,10E-02 BACH2,BCL11B,CLC,EGFR,HRH2,IL6,NFATC2,PTPN6,TNFSF99 M3	vs.	M6
Cell	Death	and	Survival Apoptosis	of	B-lymphocyte	derived	cell	lines 8,61E-03 ABL1,BCL2,BCL2L1,BCR,BLK,CASP8,CFLAR,DAPK1,EGFR,ETV6,FIP1L1,FOXO3,GRID2,IL6,INHBA,ITGB1,LYN,MAP2K4,MET,NGF,NPM1,PMAIP1,PRL,PTEN,SH3GLB1,TNC,ZMYM227 M3	vs.	M6
Cell	Death	and	Survival Apoptosis	of	leukocyte	cell	lines 1,05E-02 ABL1,BCL2,BCL2L1,BCR,BLK,CASP8,CFLAR,DAPK1,EGFR,EIF2AK2,ESR1,ETV6,EYA2,FIP1L1,FOXO3,GRID2,IFNG,IKZF1,IL32,IL6,INHBA,ITGB1,LYN,MAP2K1,MAP2K4,MET,NGF,NPM1,ORAI1,PMAIP1,PRL,PTEN,PTPN6,RUNX1,SH3GLB1,TNC,TNFRSF1B,ZMYM238 M3	vs.	M6
Cell	Death	and	Survival Apoptosis	of	thymocytes 1,18E-02 ABL1,BBC3,BCL11B,BCL2,BCL2L1,BLM,BRCA1,CASP1,CASP8,CFLAR,CHEK1,CHEK2,DTX1,EGR3,EPHA4,FYN,GLI3,GNAS,HOXA3,IFNG,IKBKB,IL15RA,KIFAP3,MAP2K6,RUNX1,SMARCC1,TNFRSF1B,TP73,ZC3H829 M3	vs.	M6
Cell	Cycle Arrest	in	G1	phase	of	B-lymphocyte	derived	cell	lines 4,17E-02 ABL1,BCR,GRID2,INHBA,MET5 M3	vs.	M6
Cell	Death	and	Survival Cell	death	of	leukocyte	cell	lines 2,70E-02 ABL1,BCL2,BCL2L1,BCR,BLK,CASP1,CASP8,CFLAR,DAPK1,EGFR,EIF2AK2,ESR1,ETV6,EYA2,FIP1L1,FOXO3,GRID2,HSPA5,IFNG,IKBKB,IKZF1,IL32,IL6,INHBA,ITGB1,LYN,MAP2K1,MAP2K4,MET,NGF,NPM1,ORAI1,PMAIP1,PRL,PTEN,PTPN6,RUNX1,SH3GLB1,TNC,TNFRSF1B,ZMYM241 M3	vs.	M6
Cell	Death	and	Survival Cell	death	of	monocyte-derived	dendritic	cells 1,43E-02 BCL2,BCL2L1,IKBKB,LILRB1,MAP3K5,TNFRSF1B6 M3	vs.	M6
Cell	Death	and	Survival Cell	death	of	thymocytes 2,11E-02 ABL1,BBC3,BCL11B,BCL2,BCL2L1,BLM,BRCA1,CASP1,CASP8,CFLAR,CHEK1,CHEK2,DTX1,EGR3,EPHA4,FYN,GLI3,GNAS,HOXA3,IFNG,IKBKB,IL15RA,KIFAP3,MAP2K4,MAP2K6,PMAIP1,RUNX1,SMARCC1,TNFRSF1B,TP73,ZC3H831 M3	vs.	M6
Cellular	Development,	Cellular	Growth	and	Proliferation,	Hematological	System	Development	and	FunctionCell	proliferation	of	leukocyte	cell	lines 2,26E-03 ABCA3,ABL1,ABL2,ALKAL2,BCL2,BCR,BLK,BLM,CPA3,EGFR,EML4,ETV6,FGF1,FGF2,FGF9,FIP1L1,FLT1,GAB1,GAB2,GRB10,GRID2,HIRA,IFNG,IGF1R,IKZF1,IL21R,IL6,INHBA,ITGB1,JAK1,LYN,MAP2K1,MAP2K4,MET,MPRIP,MS4A4A,MSI2,NPM1,NRG1,PRDM16,PRL,PTHLH,PTK2,PTPN2,PTPRA,PTPRK,RAB32,RNLS,SDC2,SPIDR,TNFRSF1B,TYK2,UQCRB,ZMYM254 M3	vs.	M6
Cell	Death	and	Survival Cell	viability 2,43E-02 ABL1,ADGRE2,APP,BBC3,BCL11B,BCL2,BCL2L1,BCR,BLM,CADM1,CARD11,CASP8,CD22,CFLAR,CHEK2,CLOCK,CX3CR1,DEF6,DICER1,EBF1,EGFR,EGR3,ERBB4,ETV6,FANCC,FGFR1OP,FIP1L1,FOXO3,GAB2,IFNG,IKBKB,IL21R,IL6,JAK1,LYN,MALT1,MAP2K1,NCF2,NF1,NGF,PAX5,PLAT,PTEN,PTK2,PTPN1,PTPN6,RBPJ,RPTOR,SCARB1,SH3KBP1,STAM,STAT4,TAF4B,TNFRSF1B,TNFRSF9,TNFSF9,TYK2,ZEB2,ZMYM259 M3	vs.	M6
Cell	Death	and	Survival,	Hematological	System	Development	and	FunctionCell	viability	of	B-lymphocyte	derived	cell	lines 4,18E-02 ABL1,BCL2,BCL2L1,BCR,BLM,EGFR,ERBB4,ETV6,FGFR1OP,FIP1L1,MAP2K1,PTEN,PTPN1,ZMYM214 M3	vs.	M6
Cell	Death	and	Survival,	Hematological	System	Development	and	FunctionCell	viability	of	leukocyte	cell	lines 3,82E-02 ABL1,BCL2,BCL2L1,BCR,BLM,CADM1,EGFR,ERBB4,ETV6,FANCC,FGFR1OP,FIP1L1,LYN,MAP2K1,PTEN,PTPN1,ZMYM217 M3	vs.	M6
Cellular	Function	and	Maintenance Cellular	homeostasis 4,10E-02 ABL1,ABL2,ADORA2B,AFF1,AIRE,APC,APOA1,APP,ATP2B4,ATP7A,BBC3,BCL11B,BCL2,BCL2L1,BCR,BDNF,BLM,BNIP3,BRCA1,CADM1,CARD11,CASP1,CASP8,CD22,CFLAR,CHD7,CHEK1,CLEC4E,CNR2,CTSV,DEF6,DGKZ,DICER1,DOCK10,DOCK11,DOCK2,DTX1,EBF1,EGR3,ELF4,ELK4,EOMES,EPHA4,FANCC,FLT1,FOXO3,FOXP1,FYN,GLI2,GLI3,IFNA1/IFNA13,IFNG,IGF1R,IGF2R,IKBKB,IKZF1,IL15RA,IL1R1,IL1RL2,IL21R,IL6,INHBA,JAK1,LAMP1,LCP2,LILRB1,LMO1,LTBR,LYN,MALT1,MAP2K1,MAP2K4,MARCH1,MBD2,MIB1,MLLT10,MTMR3,NAB1,NF1,NFATC2,ORAI1,PAK1,PAX5,PGR,PHLPP1,PPP3CA,PRKCH,PRKG1,PRL,PTEN,PTGS1,PTPN2,PTPN6,RBL1,RBL2,RBP3,RBPJ,RPTOR,RUNX1,SCN8A,SEPT9,SKIL,SMAD2,SOCS5,SOS1,SOX5,SP3,SPI1,STAT2,STAT4,TCF12,TCF4,TESPA1,THEMIS,TLR5,TNFRSF1B,TNFRSF9,TOX,TPP2,TRIM27,TRPM4,TYK2,UBE2N,XRCC4,ZC3H8,ZMIZ1126 M3	vs.	M6
Cellular	Development,	Hematological	System	Development	and	Function,	HematopoiesisCommitment	of	lymphocytes 1,03E-02 DTX1,EBF1,IL6,PAX5,TCF12,TOX6 M3	vs.	M6
Cellular	Development,	Cellular	Growth	and	Proliferation,	Embryonic	Development,	Hematological	System	Development	and	Function,	Hematopoiesis,	Humoral	Immune	Response,	Lymphoid	Tissue	Structure	and	Development,	Organ	Development,	Organismal	Development,	Tissue	DevelopmentDevelopment	of	B	lymphocytes 2,57E-02 AFF1,BCL2,BCL2L1,BLK,BRCA1,CNR2,CR2,DICER1,DTX1,EBF1,FUT8,FYN,IFNG,IKBKB,IL21R,IL6,LYN,MAP2K1,MAPKAP1,MIB1,PAX5,PTEN,PTPN2,PTPN6,RBPJ,RPTOR,SMARCC1,TCF12,TCF4,UBE2N30 M3	vs.	M6
Cellular	Development,	Cellular	Growth	and	Proliferation,	Embryonic	Development,	Hematological	System	Development	and	Function,	Hematopoiesis,	Humoral	Immune	Response,	Lymphoid	Tissue	Structure	and	Development,	Organ	Development,	Organismal	Development,	Tissue	DevelopmentDevelopment	of	plasma	cells 4,17E-02 CR2,DICER1,IL21R,IL6,LYN5 M3	vs.	M6
Cellular	Development,	Cellular	Growth	and	Proliferation,	Embryonic	Development,	Hematological	System	Development	and	Function,	Hematopoiesis,	Humoral	Immune	Response,	Lymphoid	Tissue	Structure	and	Development,	Organ	Development,	Organismal	Development,	Tissue	DevelopmentDevelopment	of	pro-B	lymphocytes 3,75E-02 BLK,FYN,IFNG,LYN,SMARCC1,TCF12,TCF47 M3	vs.	M6
Cellular	Development,	Cellular	Growth	and	Proliferation,	Embryonic	Development,	Hematological	System	Development	and	Function,	Hematopoiesis,	Humoral	Immune	Response,	Lymphoid	Tissue	Structure	and	Development,	Organ	Development,	Organismal	Development,	Tissue	DevelopmentDifferentiation	of	pro-B	lymphocytes 9,17E-03 BLK,EBF1,ETV6,FYN,IFNG,LYN,PAX5,RUNX1,XRCC4,ZEB210 M3	vs.	M6
Cellular	Development,	Cellular	Growth	and	Proliferation,	Hematological	System	Development	and	Function,	HematopoiesisExpansion	of	hematopoietic	progenitor	cells 1,20E-02 BCL2L1,EBF1,EOMES,IKZF1,LCP2,SPI1,TCF12,TOX8 M3	vs.	M6
Cell-mediated	Immune	Response,	Cellular	Development,	Cellular	Function	and	Maintenance,	Cellular	Growth	and	Proliferation,	Embryonic	Development,	Hematological	System	Development	and	Function,	Hematopoiesis,	Lymphoid	Tissue	Structure	and	Development,	Organ	Development,	Organ	Morphology,	Organismal	Development,	Tissue	Development,	Tissue	MorphologyExpansion	of	thymocytes 1,91E-02 EOMES,IKZF1,LCP2,SPI1,TCF12,TOX6 M3	vs.	M6
Cellular	Function	and	Maintenance Lymphocyte	homeostasis 2,49E-02 ABL1,ABL2,ADORA2B,AFF1,AIRE,APC,ATP7A,BBC3,BCL11B,BCL2,BCR,BDNF,BLM,BRCA1,CADM1,CARD11,CASP1,CASP8,CFLAR,CHD7,CHEK1,CLEC4E,CNR2,CTSV,DEF6,DGKZ,DICER1,DOCK10,DOCK11,DOCK2,DTX1,EBF1,EGR3,ELF4,ELK4,EOMES,EPHA4,FANCC,FLT1,FOXO3,FOXP1,FYN,GLI2,GLI3,IFNA1/IFNA13,IFNG,IGF1R,IGF2R,IKBKB,IKZF1,IL15RA,IL1R1,IL1RL2,IL21R,IL6,INHBA,JAK1,LAMP1,LCP2,LILRB1,LMO1,LTBR,LYN,MALT1,MAP2K1,MAP2K4,MARCH1,MBD2,MIB1,MLLT10,NAB1,NF1,NFATC2,ORAI1,PAX5,PGR,PHLPP1,PPP3CA,PRKCH,PRL,PTEN,PTGS1,PTPN2,PTPN6,RBL1,RBL2,RBP3,RBPJ,RPTOR,RUNX1,SEPT9,SKIL,SMAD2,SOCS5,SOS1,SOX5,SP3,SPI1,STAT2,STAT4,TCF12,TCF4,TESPA1,THEMIS,TLR5,TNFRSF1B,TNFRSF9,TOX,TPP2,TYK2,UBE2N,XRCC4,ZC3H8,ZMIZ1114 M3	vs.	M6
Antigen	Presentation,	Cell-To-Cell	Signaling	and	Interaction,	Cell-mediated	Immune	Response,	Cellular	Development,	Cellular	Function	and	Maintenance,	Cellular	Growth	and	Proliferation,	Embryonic	Development,	Hematological	System	Development	and	Function,	Hematopoiesis,	Lymphoid	Tissue	Structure	and	Development,	Organ	Development,	Organismal	Development,	Tissue	DevelopmentPositive	selection	of	thymocytes 3,75E-02 CADM1,ELK4,NF1,PRKCH,PTPN2,THEMIS,TOX7 M3	vs.	M6
Cellular	Development,	Cellular	Growth	and	Proliferation,	Hematological	System	Development	and	Function,	HematopoiesisProliferation	of	hematopoietic	progenitor	cells 4,42E-02 BBC3,BCL2,BCL2L1,BLM,EBF1,EGR3,EOMES,FYN,IKBKB,IKZF1,IL6,INHBA,LCP2,MAP2K4,NF1,NUP98,PTPN6,RPTOR,SPI1,TCF12,TNFRSF1B,TOX,TP53INP1,TYK2,UBE2N25 M3	vs.	M6
Cellular	Development,	Cellular	Growth	and	Proliferation Proliferation	of	myeloid	cells 2,53E-02 CUX1,CYSLTR2,DCN,DUSP1,FIP1L1,GAB2,IFNA1/IFNA13,IFNG,IKBKB,IL1R1,IL6,LYN,MET,NF1,NGF,NRG1,PTK2,PTPN6,RBL2,RUNX1,SPI1,TNFRSF9,XDH23 M3	vs.	M6
Cell-mediated	Immune	Response,	Cellular	Development,	Cellular	Function	and	Maintenance,	Cellular	Growth	and	Proliferation,	Embryonic	Development,	Hematological	System	Development	and	Function,	Hematopoiesis,	Lymphoid	Tissue	Structure	and	Development,	Organ	Development,	Organismal	Development,	Tissue	DevelopmentProliferation	of	thymocytes 3,34E-02 BBC3,BLM,EGR3,EOMES,FYN,IKBKB,IKZF1,IL6,INHBA,LCP2,MAP2K4,NF1,PTPN6,SPI1,TCF12,TNFRSF1B,TOX,UBE2N18 M3	vs.	M6
Hematological	System	Development	and	Function,	Hypersensitivity	Response,	Inflammatory	Response,	Tissue	MorphologyQuantity	of	mast	cells 1,47E-02 ATF3,CASP1,CASP8,GAB2,HDC,IFNG,IL6,LYN,NF1,NGF,PTEN,PTK2,PTPN613 M3	vs.	M6
Cell	Cycle Replication	of	cells 1,43E-02 CASP1,IFNG,NLRP7,PRL,STAT4,TNFRSF96 M3	vs.	M6
Connective	Tissue	Disorders,	Immunological	Disease,	Inflammatory	Disease,	Inflammatory	Response,	Organismal	Injury	and	Abnormalities,	Skeletal	and	Muscular	DisordersSystemic	juvenile	idiopathic	arthritis 1,38E-02 ASAP1,ATP2B1,DCUN1D1,FEM1B,GALNT1,GRAMD1A,JMJD1C,MBD2,PHF20,PMF1/PMF1-BGLAP,PPTC7,RBP7,TBCD,UBB,VPS53,ZNF32616 M3	vs.	M6
Cell-mediated	Immune	Response,	Cellular	Function	and	Maintenance,	Hematological	System	Development	and	FunctionT	cell	homeostasis 4,33E-02 ABL1,ABL2,ADORA2B,AFF1,AIRE,APC,ATP7A,BBC3,BCL11B,BCL2,BDNF,BLM,BRCA1,CADM1,CARD11,CASP1,CASP8,CFLAR,CHD7,CHEK1,CLEC4E,CNR2,CTSV,DEF6,DICER1,DOCK2,DTX1,EBF1,EGR3,ELF4,ELK4,EOMES,EPHA4,FANCC,FLT1,FOXO3,FOXP1,FYN,GLI2,GLI3,IFNA1/IFNA13,IFNG,IGF1R,IGF2R,IKBKB,IKZF1,IL15RA,IL1R1,IL1RL2,IL21R,IL6,INHBA,JAK1,LAMP1,LCP2,LILRB1,LMO1,MALT1,MAP2K1,MAP2K4,MARCH1,MBD2,MIB1,MLLT10,NAB1,NF1,NFATC2,ORAI1,PAX5,PGR,PHLPP1,PPP3CA,PRKCH,PRL,PTEN,PTGS1,PTPN2,PTPN6,RBL1,RBL2,RBP3,RBPJ,RPTOR,RUNX1,SEPT9,SMAD2,SOCS5,SOX5,SP3,SPI1,STAT2,STAT4,TCF12,TCF4,TESPA1,THEMIS,TLR5,TNFRSF1B,TNFRSF9,TOX,TPP2,TYK2,UBE2N,XRCC4,ZC3H8,ZMIZ1106 M3	vs.	M6
Cellular	Function	and	Maintenance Turnover	of	cells 3,19E-02 BCL2L1,CD22,DICER1,IKBKB,RPTOR5 M3	vs.	M6



Supplementary Table 4. Functions affected by differentially methylated genes in CD4+ T-cells after 
treatment with DMF.

DMF: Dimethyl fumarate; BL: baseline; M3: 3 months after initation of DMF treatment; M6: 6 
months after initation of DMF treatment.
Input gene list was based on genes associated with differentially methylated probes that displayed 
delta b > 5% methylation change and p-value < 0.001.
The table includes all functional annotations from Ingenuity Pathway Analysis with Fisher's  
p-value < 0.05 and number of molecules ≥ 5.
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