
0 10 20 30
0

100

200

300

400

Time (min)

H
yd

ro
ge

n 
in

 e
xh

al
ed

 
br

ea
th

 (p
pm

)

B

0.01 0.1 1 10 100 1000
0.01

0.1

1

10

100

1000

Actual concentration
 of hydrogen (µM)

M
ea

su
re

d 
co

nc
en

tr
at

io
n

hy
dr

og
en

 (µ
M

)
A

Supplemental Fig. 1
Measurement of H2 concentration using gas chromatography. (A) Following gradual 
dilution of H2-saturated water, the actual H2-concentrations in these waters were 
measured using gas chromatography. (B) After oral administration of H2 rich water, H2 
concentrations in the exhaled gas were sequentially measured.



Supplemental Fig. 2
Relative gene expression for genes showing statistically 
significant up- or down-regulation after H2 administration.
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Supplemental Fig. 3. 
Ingenuity Pathway Analysis based on actual gene expression levels determined by 
qPCR, and NFAT expression in liver with or without H2 administration. 
(A) Actual gene expression levels determined by qPCR in Table S1 were analyzed using 
Ingenuity Pathway Analysis (IPA) software (Ingenuity Systems), and the network was 
graphically generated. Green (down-regulated genes) and red (up-regulated genes) 
nodes indicate input genes. The biological relationship between two nodes is represented 
as a line. Bold lines indicate a direct interaction, and dotted lines indicate an indirect inter-
action. (B) Liver lysates were subjected to western blot analysis for NFAT C2 expression 
with or without H2 administration. Lysate from Jurkat cells was used as positive control.
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Supplemental Fig. 4. 
Stress hormone levels and NF-κB activation in mice housed in air-tight chambers used 
for continuous hydrogen gas treatment. (A) Serum corticosterone was measured using 
ELISAs (Corticosterone EIA, Yanaihara Institute Inc., Fujinomiya, Japan) in mice housed for 3 
weeks in a conventional specific-pathogen-free rack of cages or in air-tight chambers supplied 
with 10 L/min air without H2, as wll as in mice under 20-hour restraint stress. (B) Cytosolic and 
nuclear proteins were subjected to western blot analysis for the indicated proteins from mouse 
livers in four different conditions (n=4 per condition). (C) Band intensities for intranuclear NF-κB 
were quantified. RS, mice under restraint stress for 20 hours (positive control for serum 
corticosterone); CR, mice in a conventional clean rack; AC, mice in an air-tight chamber for 
continuous H2 gas treatment; LPS, mice after peritoneal injection of LPS (positive control for 
NF-κB activation). Asterisks indicate statistical significance as determined by one-way ANOVA 
and Tukey’ s multiple-comparison test (**p < 0.01, ***p < 0.001).
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Supplemental Fig. 5

Supplemental Fig. 5. 
Enrichment plot and heat map for the gene set of the NF-κB and MAP 
kinases activation Reactome mediated by the Toll-like receptor (TLR) 4 sig-
naling repertoire, generated by Gene Set Enrichment Analysis (GSEA). 
(A) Microarray results by Nakai et al. (Nakai et al. Biosci Biotechnol Biochem, 
2011) were subjected to GSEA using Gene Set of Reactome (Reactome gene sets 
in C2 curated gene sets of default genes). Enrichment plot (A) and Heat map of the 
genes (B) within the gene set of the NF-κB and MAP kinases activation Reactome 
mediated by the TLR 4 signaling repertoire are shown. Normalized enrichment 
score (NES), normalized p-value and FDR q-value were 1.94, 0.0 and 0.033, 
respectively.



Probe set Gene symbol Description

Gene
expression
in  control
treatment

(Cy5 signal)

Gene
expression in

hydrogen
treatment

(Cy3 signal)

Fold-change 1/Fold-change real time PCR
Gene

expression
in  control
treatment

Gene
expression in

hydrogen
treatment

Fold-change 1/Fold-change
validated fold-

change
 (<0.8 or 1.25< )

P-value
P-value
*<0.05
**<0.01

1 M400004320 BC013529 cDNA sequence BC013529 114.7 14.5 0.126 7.922 Yes 7.86E-03 5.29E-03 0.673 1.486 Yes 0.045 *
2 M200012044 Egr1 early growth response 1 52.8 11.7 0.221 4.533 Yes 2.36E-03 8.55E-04 0.362 2.760 Yes 0.034 *
3 M300001782 G6pc Glucose-6-phosphatase, catalyti 2044.4 481.5 0.236 4.246 Yes 4.95E-02 1.43E-02 0.289 3.460 Yes 0.033 *
4 M200007081 Gdf15 growth differentiation factor 15 69.8 16.7 0.240 4.171 Yes 2.04E-04 5.93E-05 0.290 3.444 Yes 0.013 *
5 M200000904 Dusp1 dual specificity phosphatase 1 448.7 122.2 0.272 3.671 Yes 9.91E-03 2.11E-03 0.213 4.697 Yes 0.037 *
6 M300010088 Acta2 actin, alpha 2, smooth muscle, a 95.8 26.9 0.281 3.562 Yes 6.79E-03 2.67E-03 0.392 2.549 Yes 0.037 *
7 M200004819 Msh5 mutS homolog 5 (E. coli) 29.1 8.5 0.291 3.434
8 M300003944 Traf7 Tnf receptor-associated factor 7 29.6 8.7 0.292 3.423 Yes 3.24E-04 2.54E-04 0.782 1.278 Yes 0.208
9 M300011750 Elovl3 elongation of very long chain fatt 2753.4 821.9 0.298 3.350

10 M300004173 Lars leucyl-tRNA synthetase 27.7 8.6 0.312 3.209
11 M300000820 Mvd mevalonate (diphospho) decarbo 37.0 11.6 0.314 3.182
12 M200000449 Cyr61 cysteine rich protein 61 32.6 10.6 0.326 3.065 Yes 1.16E-03 4.79E-04 0.413 2.420 Yes 0.004 **
13 M300003663 Ccrn4l CCR4 carbon catabolite repress 132.5 43.4 0.327 3.055
14 M200006562 Sh3bp5l SH3 binding domain protein 5 lik 30.0 10.0 0.334 2.998 Yes 1.38E-04 1.38E-04 0.999 1.001 0.499
15 M200002204 Wnt3 wingless-related MMTV integrati 25.5 8.8 0.343 2.919 Yes N.D. N.D.
16 M400000009 Ins2 insulin II 24.7 8.5 0.344 2.907 Yes 1.04E-04 8.12E-05 0.780 1.282 Yes 0.260
17 M300005692 Nfatc2 nuclear factor of activated T-cell 25.9 8.9 0.345 2.899 Yes 1.19E-04 7.81E-05 0.654 1.528 Yes 0.078
18 M200007745 Zfp672 zinc finger protein 672 23.9 8.4 0.353 2.831 Yes 5.72E-03 4.28E-03 0.748 1.337 Yes 0.059
19 M200003976 Lrp5 low density lipoprotein receptor- 42.5 15.1 0.356 2.812 Yes 4.25E-02 4.25E-02 1.000 1.000 0.500
20 M200004171 Pkdcc protein kinase domain containing 29.8 10.7 0.360 2.779 Yes 3.30E-03 2.81E-03 0.852 1.174 0.185
21 M200007940 Slc25a25 solute carrier family 25 (mitocho 600.7 216.5 0.360 2.774
22 M200000703 Ctgf connective tissue growth factor 26.7 9.7 0.364 2.744 Yes 5.56E-03 2.88E-03 0.518 1.929 Yes 0.004 **
23 M200009449 Fgf21 fibroblast growth factor 21 24.3 8.9 0.368 2.719 Yes 1.14E-03 7.10E-04 0.624 1.603 Yes 0.117
24 M200013013 Grap GRB2-related adaptor protein 28.0 10.3 0.368 2.714 Yes 9.13E-04 6.40E-04 0.701 1.426 Yes 0.057
25 M200001626 Ucp1 uncoupling protein 1 (mitochond 33.4 12.4 0.370 2.702 Yes 5.35E-03 1.76E-03 0.330 3.034 Yes 0.005 **
26 M300008443 Pdxk pyridoxal (pyridoxine, vitamin B6 24.4 9.2 0.377 2.652 Yes 5.25E-02 7.25E-02 1.381 0.724 Yes 0.054
27 M200006362 Nle1 notchless homolog 1 (Drosophila 23.4 8.9 0.382 2.621 Yes 4.57E-03 3.46E-03 0.758 1.320 Yes 0.128
28 M400000427 Krt19 keratin 19 45.8 17.7 0.386 2.591 Yes 3.37E-03 1.24E-03 0.368 2.715 Yes 0.039 *
29 M300010660 Lrfn3 leucine rich repeat and fibronect 58.4 22.6 0.387 2.586
30 M300012130 Lrrc36 leucine rich repeat containing 36 23.6 9.2 0.389 2.573
31 M300009355 Cybasc3 cytochrome b, ascorbate depend 33.0 12.9 0.390 2.562
32 M200006861 Krt7 keratin 7 25.3 9.9 0.392 2.553
33 M200011171 Slc24a2 solute carrier family 24 (sodium/ 22.1 8.8 0.396 2.525
34 M200004567 Vasn vasorin 21.4 8.5 0.399 2.506
35 M200005548 Traf3 Tnf receptor-associated factor 3 24.8 9.9 0.401 2.496 Yes 2.69E-03 2.84E-03 1.054 0.949 0.379
36 M300009675 Aoc3 amine oxidase, copper containin 24.0 9.6 0.402 2.490 Yes 1.61E-03 7.61E-04 0.474 2.111 Yes 0.041 *
37 M300012485 Slc7a5 solute carrier family 7 (cationic a 39.9 16.0 0.402 2.487
38 M400004527 Rpia ribose 5-phosphate isomerase A 32.7 13.2 0.404 2.478
39 M400007768 Sprr2a small proline-rich protein 2A 21.5 8.7 0.405 2.469
40 M300012623 Bcor Bcl6 interacting corepressor 30.3 12.3 0.405 2.468 Yes 4.06E-03 4.04E-03 0.995 1.005 0.488
41 M200001756 Sh3bp1 SH3-domain binding protein 1 22.2 9.0 0.406 2.465 Yes 2.88E-08 1.71E-08 0.594 1.683 Yes 0.268
42 M400001978 Dcaf15 DDB1 and CUL4 associated fact 30.1 12.2 0.406 2.465
43 M200006785 Pim3 proviral integration site 3 472.1 192.1 0.407 2.458 Yes 5.45E-05 1.25E-05 0.229 4.376 Yes 0.041 *
44 M300011326 Fkbp14 FK506 binding protein 14 23.5 9.6 0.407 2.456 Yes 3.07E-03 2.68E-03 0.874 1.144 0.280
45 M300001382 Cyp2j6 cytochrome P450, family 2, subf 27.5 11.2 0.408 2.452
46 M200000475 Plp1 proteolipid protein (myelin) 1 53.3 21.8 0.409 2.446
47 M400004845 Ms4a5 membrane-spanning 4-domains 33.2 13.6 0.409 2.445 Yes 4.31E-05 3.62E-05 0.840 1.190 0.332
48 M200013007 Nat11 N-acetyltransferase 11 39.5 16.2 0.409 2.444
49 M400002241 Foxk2 forkhead box K2 22.5 9.2 0.411 2.430 Yes 9.12E-03 6.98E-03 0.765 1.308 Yes 0.063
50 M300001921 Sgk serum/glucocorticoid regulated k 118.1 48.7 0.412 2.426 Yes 5.11E-02 3.40E-02 0.666 1.503 Yes 0.024 *
51 M200008022 Mapk7 mitogen activated protein kinase 22.0 9.1 0.412 2.425 Yes 1.84E-03 1.68E-03 0.916 1.092 0.386
52 M200007083 Itfg2 integrin alpha FG-GAP repeat co 31.1 12.9 0.413 2.419 Yes 3.81E-03 4.16E-03 1.093 0.915 0.133
53 M200008238 Ing3 inhibitor of growth family, membe 31.8 13.1 0.414 2.417
54 M400018574 Kif1b kinesin family member 1B 22.8 9.4 0.414 2.415
55 M300005276 Pfkfb3 6-phosphofructo-2-kinase/fructos 126.1 52.2 0.414 2.414 Yes 3.30E-02 1.54E-02 0.465 2.149 Yes 0.088
56 M300008908 BC034090 cDNA sequence BC034090 30.8 12.8 0.415 2.408
57 M200000285 Fyb FYN binding protein 29.4 12.2 0.416 2.406 Yes 3.00E-02 3.25E-02 1.083 0.923 0.310
58 M200001875 Tnfsf8 tumor necrosis factor (ligand) su 21.0 8.7 0.416 2.404 Yes 2.87E-05 2.46E-05 0.856 1.168 0.284
59 M400012531 Zfp516 zinc finger protein 516 23.6 9.8 0.417 2.398
60 M300010496 Cc2d1a coiled-coil and C2 domain conta 23.7 9.9 0.418 2.391
61 M200013488 Rnf141 ring finger protein 141 25.7 10.8 0.419 2.385
62 M200007134 Telo2 TEL2, telomere maintenance 2, 30.1 12.6 0.419 2.384
63 M400001593 Dysf dysferlin 20.6 8.7 0.422 2.372 Yes 1.19E-02 1.09E-02 0.916 1.091 0.309
64 M200009179 Otx2 orthodenticle homolog 2 (Drosop 35.1 14.8 0.422 2.369
65 M300010729 Rab11fip3 RAB11 family interacting protein 36.2 15.3 0.423 2.363
66 M300001779 Mtap1s microtubule-associated protein 1 39.0 16.5 0.423 2.362
67 M400004612 Lipg lipase, endothelial 48.3 20.6 0.426 2.345
68 M200014942 Galr3 galanin receptor 3 20.2 8.6 0.427 2.340
69 M200002559 Nkx2-6 NK2 transcription factor related, 33.5 14.3 0.428 2.337
70 M200003971 Atp6v0a1 ATPase, H+ transporting, lysoso 28.1 12.1 0.430 2.327
71 M200006459 Chst8 carbohydrate (N-acetylgalactosa 27.6 11.9 0.430 2.323
72 M300008288 Axud1 AXIN1 up-regulated 1 43.6 18.8 0.431 2.322
73 M400006761 Zfp36l3 zinc finger protein 36, C3H type- 22.3 9.6 0.431 2.321
74 M200004507 Arv1 ARV1 homolog (yeast) 23.3 10.1 0.432 2.315
75 M400000796 Pnliprp2 pancreatic lipase-related protein 43.5 18.8 0.432 2.314
76 M300003598 Dscr1 Down syndrome critical region h 176.3 76.3 0.433 2.311
77 M200009910 Cul7 cullin 7 42.7 18.5 0.433 2.310
78 M200014844 D17H6S56E-3 Protein G7c precursor. 45.2 19.6 0.433 2.310
79 M200006425 Adamts10 a disintegrin-like and metallopep 22.6 9.9 0.436 2.293
80 M300001692 Cldn7 claudin 7 44.6 19.6 0.439 2.279
81 M200008338 Mecp2 methyl CpG binding protein 2 31.8 14.0 0.440 2.273
82 M300007136 Cand2 cullin-associated and neddylatio 24.9 11.0 0.441 2.267
83 M200004707 Lrp2 low density lipoprotein receptor- 20.2 8.9 0.442 2.264
84 M200012250 Scd2 stearoyl-Coenzyme A desaturas 22.2 9.8 0.442 2.262
85 M300006332 Slc9a1 solute carrier family 9 (sodium/h 37.3 16.6 0.444 2.251
86 M300003957 Sox8 SRY-box containing gene 8 20.7 9.2 0.446 2.244
87 M200007179 Thsd1 thrombospondin, type I, domain 35.9 16.0 0.447 2.238
88 M200008706 Golga2 golgi autoantigen, golgin subfam 26.8 12.0 0.447 2.238
89 M200008223 Ramp3 receptor (calcitonin) activity mod 22.4 10.0 0.448 2.232
90 M200000743 Srrm1 serine/arginine repetitive matrix 39.7 17.8 0.448 2.231
91 M200016072 1700113I22Rik RIKEN cDNA 1700113I22 gene 23.1 10.3 0.448 2.230
92 M300019485 Tprn Taperin 29.8 13.4 0.450 2.224
93 M200007777 Cmtm7 CKLF-like MARVEL transmembr 28.3 12.7 0.450 2.220
94 M400001325 Acsm2 acyl-CoA synthetase medium-ch 25.2 11.4 0.452 2.210
95 M200013439 Hnrpul1 heterogeneous nuclear ribonucle 39.4 17.9 0.453 2.208
96 M300003195 Lrp12 low density lipoprotein-related pr 25.2 11.5 0.454 2.203
97 M200004104 Igfbp1 insulin-like growth factor binding 33.6 15.2 0.454 2.201 Yes 1.02E-03 6.77E-04 0.664 1.506 Yes 0.079
98 M400002204 Irs2 insulin receptor substrate 2 92.7 42.3 0.456 2.194
99 M400011918 Abhd14a abhydrolase domain containing 20.1 9.2 0.457 2.190

100 M300006227 Plk3 polo-like kinase 3 (Drosophila) 61.3 28.1 0.458 2.182 Yes 4.23E-03 2.19E-03 0.517 1.934 Yes 0.082
101 M300007008 Bhlhb2 basic helix-loop-helix domain co 439.0 201.5 0.459 2.178
102 M300010075 Tubgcp6 tubulin, gamma complex associa 33.8 15.6 0.460 2.172
103 M200003215 Ikbkg inhibitor of kappaB kinase gamm 27.3 12.6 0.461 2.170
104 M300012250 Nup188 nucleoporin 188 22.4 10.3 0.462 2.165
105 M200000837 Abca2 ATP-binding cassette, sub-family 37.5 17.3 0.463 2.161
106 M200009168 Vps72 vacuolar protein sorting 72 (yeas 29.7 13.7 0.463 2.160
107 M200002499 Slc27a1 solute carrier family 27 (fatty acid 26.2 12.2 0.464 2.157
108 M200002273 Nub1 negative regulator of ubiquitin-lik 38.8 18.0 0.464 2.155
109 M200012093 Tbc1d5 TBC1 domain family, member 5 22.3 10.4 0.465 2.150
110 M200012881 Upp2 uridine phosphorylase 2 1052.4 2272.4 2.159 0.463
111 M300005212 Tmem206 Transmembrane protein 206 12.4 26.7 2.160 0.463
112 M200007863 Nudt12 nudix (nucleoside diphosphate li 37.4 81.2 2.172 0.460
113 M200002977 Per3 period homolog 3 (Drosophila) 15.6 34.0 2.180 0.459
114 M300010201 BC067068 cDNA sequence BC067068 10.0 21.9 2.190 0.457
115 M300015013 Gm1381 gene model 1381, (NCBI) 115.5 254.0 2.199 0.455
116 M300010031 Lrfn5 leucine rich repeat and fibronect 11.5 25.9 2.252 0.444
117 M300012273 XP_910612.2 PREDICTED: similar to CG3236 11.5 26.0 2.263 0.442
118 M400011433 Zfp120 Zinc finger protein 120 16.3 37.0 2.267 0.441
119 M400005361 BC051076 cDNA sequence BC051076 11.3 25.7 2.270 0.440
120 M300016933 Pstk phosphoseryl-tRNA kinase 37.8 86.1 2.278 0.439
121 M400000308 P4ha2 procollagen-proline, 2-oxoglutara 9.5 21.6 2.280 0.439 Yes 1.70E-02 1.20E-02 0.706 1.417 Yes 0.279
122 M200015889 Hbp1 high mobility group box transcrip 48.3 110.8 2.296 0.436
123 M200016357 Elac2 elaC homolog 2 (E. coli) 10.7 24.7 2.297 0.435
124 M400006893 XP_979481.1 PREDICTED: similar to ubiquitin 61.9 143.8 2.322 0.431
125 M300019805 Mterfd3 MTERF domain containing 3 9.4 21.9 2.324 0.430
126 M200009277 Omd osteomodulin 10.5 24.5 2.325 0.430
127 M300001268 Cluap1 clusterin associated protein 1 9.0 21.3 2.360 0.424
128 M400006216 XP_486618.1 PREDICTED: similar to ferritin, h 12.9 30.5 2.362 0.423
129 M400006622 Rad51l1 RAD51-like 1 (S. cerevisiae) 10.8 25.9 2.394 0.418
130 M400005814 AB124611 cDNA sequence AB124611 8.7 21.4 2.464 0.406
131 M400009680 Zfp455 zinc finger protein 455 9.6 23.8 2.473 0.404
132 M400010674 Zfp273 zinc finger protein 273 8.4 21.4 2.538 0.394
133 M300005534 Ell3 elongation factor RNA polymera 11.5 29.6 2.566 0.390 Yes 2.34E-04 2.08E-04 0.887 1.128 0.322
134 M400005644 St8sia3 ST8 alpha-N-acetyl-neuraminide 10.3 26.7 2.604 0.384
135 M400001417 Gabarapl2 gamma-aminobutyric acid (GAB 9.5 25.5 2.688 0.372
136 M400006172 Cyp2c38 cytochrome P450, family 2, subf 73.6 215.6 2.932 0.341
137 M400001917 Tcte3 t-complex-associated testis expr 11.6 37.7 3.255 0.307
138 M400001327 Wee1 wee 1 homolog (S. pombe) 21.0 68.8 3.269 0.306 Yes 4.50E-02 9.75E-02 2.167 0.462 Yes 0.005 **
139 M200003187 Usp2 ubiquitin specific peptidase 2 38.8 129.6 3.340 0.299 Yes 3.98E-03 5.90E-03 1.484 0.674 Yes 0.072
140 M200002553 Cyp4a14 cytochrome P450, family 4, subf 29.2 112.2 3.847 0.260 Yes 3.40E-03 5.80E-03 1.703 0.587 Yes 0.102

1. Real time PCR represents relative mRNA expression to -actin.
N.D., not detected (Ct was more than 40 cycles.)

DNA microarray Quantitative real time PCR 1
Table S1. Gene list with the expression differenes between control and hydrogen treatment in mouse liver



Gene_Symbol Forward primers Reverse primers
Acta2 5'-TGCCGAGCGTGAGATTGTCC-3' 5'-GGTGATCACCTGCCCGTCAG-3'
Actb 5'-CCCTGAAAAGATGACCCAGA-3' 5'-GTCTCCGGAGTCCATCACAA-3'
Aoc3 5'-TTGTCCCCACGATTGTACCTT-3' 5'-TGGCCAGGTACAGGTAGCG-3'
BC013529 5'-AAAAGCGCTCTGTAGGTTCTG-3' 5'-GAGCCGTCTGGGTATAAGATG-3'
Bcl6 5'-GGCACTCGCTTCCGGCACCT-3' 5'-CCGACACGCGGTATTGCACCTT-3'
Ctgf 5'-CACACCGCACAGAACCACCA-3' 5'-GGCAGGCACAGGTCTTGATGA-3'
Cygb 5'-GCGGAGAGGAAGGCGGTTCAG-3' 5'-ATGACCCGGCAGGCGTGCTT-3'
Cyp4a14 5'-GACCCCTCTAGATTTGCACC-3' 5'-TGGATCCCATTCTTGGACTT-3'
Cyr61 5'-CCTTCAGGACGCTCGCTGTC-3' 5'-GTCTGCCTTCTGACTGAGCTCTG-3'
Dusp1 5'-CCTCTCTACGATCAGGGGG-3' 5'-CTGCCTTGTGGTTGTCCTC-3'
Dysf 5'-TGTGAACCCCGTGTGGAATG-3' 5'-CCTGGGGGTGGCGTGTAG-3'
Ell3 5'-AGCCTCTCAGCTCCATCAGCC-3' 5'-CCTGTTGCTGCTCTGTGCTGTG-3'
Etv5 5'-TCCCCCACCTCAGGCAACTC-3' 5'-ACATCTGCCGGTGGTAGCTGG-3'
Fbln5 5'-TTCACCCTCAACGACGATGG-3' 5'-TCCTGGCAGCTTCGGTTATC-3'
Fgf21 5'-CAGCACACCGCAGTCCAG-3' 5'-TCAGGATCAAAGTGAGGCGA-3'
Fkbp14 5'-GCTCCCTGTTTCATTCCACTC-3' 5'-TTTTACCTTTTCCTTCTTTGCC-3'
Foxk2 5'-GTGTTCGTGGACGGGGTGTT-3' 5'-GAGGTGGGCCATCGTGTCTG-3'
Fyb 5'-CCACCACCTCCGCCTACA-3' 5'-CCCGTTTCTTGTCTCGTTCC-3'
G6pc 5'-AAGAGACTGTGGGCATCAA-3' 5'-AACACCGGAATCCATACG-3'
Gdf15 5'-ACTCAACGCCGACGAGCTAC-3' 5'-GTGGGACCCCAATCTCACCT-3'
Grap 5'-AGGATCTCTCGACAGCTGG-3' 5'-GCACCTGGTCACCATAATTC-3'
Hif1a 5'-CAAGATCTCGGCGAAGCAA-3' 5'-GTCTAGACCACCGGCATCCA-3'
Igfbp1 5'-ACCCGTGCCCGCTTCGTG-3' 5'-CCTGGGCGCAGCGAGCAG-3'
Krt19 5'-CCCTCCCGAGATTACAACCACT-3' 5'-TGCAGCCAGGCGAGCATT-3'
Lrp5 5'-TGGTCCCCGCCGCGGCCT-3' 5'-CAGCAGCTGCATCCTCCAGGCCAC
Mapk7 5'-AAGCCTACTGTGCCCTATGGAGA-35'-TATTTGAGGCCCCGAAGCAG-3'
Nfatc2 5'-GCGGAAGGGCGAGACGGACA-3' 5'-CGCAGCCTGCAGGGAGACGA-3'
Nle1 5'-GCGGCCGTGTACCAGATTGC-3' 5'-TCTTTCCCGCCGCTTGCTAC-3'
P4ha2 5'-GCGGGCGGAGACTGTGACGA-3' 5'-GCACCCAGCTCAGGACACCGAA-3'
Pdxk 5'-TCCTCACAGGGCAGCGACTA-3' 5'-AGAAGCATGGCAGCGAAGAG-3'
Pfkfb3 5'-TCCTCCGAGACTCCGCACAA-3' 5'-CACGGTTGGGGAGTTGGTCA-3'
Pim3 5'-AGTGGGGCAGTCTCGGCG-3' 5'-GGGCCGCTCGAACCAGTC-3'
Pkdcc 5'-CCGCCTTCCCTCCGACCTCT-3' 5'-GCCGCCGTGGTGATAGGATG-3'
Plk3 5'-GCTGGGCATCCTGCGGTATTT-3' 5'-GATTGCGGGCCACGAAGGTC-3'
Sgk 5'-GAAGGATGGGCCTGAACGAT-3' 5'-GTTTGGCGTGAGGGTTGGA-3'
Sh3bp1 5'-CACGGGCAGCTCGGGACGCA-3' 5'-CCCCGCTTTGGCCCTGCAGAC-3'
Sh3bp5l 5'-GCAGGGGGAACTTCGGTC-3' 5'-GGTGGTCCTGGCCTCGTC-3'
Smad7 5'-CCGGGGGAACGAATTATCTG-3' 5'-CCGATCTTGCTCCGCACTTT-3'
Tnfsf8 5'-ACCTCAGCACCACCGCACT-3' 5'-TGGTGCCATCTTCGTTCCAT-3'
Traf3 5'-GTAGGCCAGCAGCATCGTGT-3' 5'-AGGGCCACCTCGCATAGGAA-3'
Traf7 5'-CTTCCGGCTCCTGTATCCTG-3' 5'-AAAGGTAGGCCCAAAGGTTGT-3'
Ucp1 5'-TCTGGGCTTAACGGGTCCTC-3' 5'-TCGGAAGTTGTCGGGTTCAC-3'
Usp2 5'-ACCGACCAAGTGGCCGTTAC-3' 5'-GCCGAGGTCCCGCATGTA-3'
Wee1 5'-CCACGTCGTTCGCTATTTC-3' 5'-TTTGGGATTGAGGTTCGAGA-3'
Zfp672 5'-TGGTGGCGACAAGCGTTTCT-3' 5'-CAGCAGCGCAGGGACATGAG-3'

Gene_Symbol
Actb
Bcor
Egr1
Ins2
Itfg2
Ms4a5
Wnt3

Table S2. Sequences of primers and probes used in quantitative real-time PCR.

Mm00607939_s1
Mm00551516_m1

Mm00731595_gH
Mm00505801_m1

Mm00656724_m1

Mm00806060_m1
Mm00437336_m1

CYBR Green method

Taqman probe method
Assay ID



Clustered annotations

Annotation Cluster 1 Enrichment Score: 2.37
Category Term Count % PValue Fold Enrichment FDR (%)

INTERPRO Thrombospondin, type 1 repeat 4 0.36 3.65E-03 12.81 4.66
PFAM TSP_1 4 0.36 3.81E-03 12.62 4.75

UP_SEQ_FEATURE domain:TSP type-1 3 0.27 3.87E-03 31.62 5.38
SMART TSP1 4 0.36 6.15E-03 10.49 6.05

Annotation Cluster 2 Enrichment Score: 1.97
Category Term Count % PValue Fold Enrichment FDR (%)

PANTHER_PATHWAY PI3 kinase pathway 5 0.44 3.76E-03 6.99 3.21

PANTHER_PATHWAY
Insulin/IGF pathway-mitogen activated protein kinase

kinase/MAP kinase cascade
4 0.36 5.01E-03 10.47 4.26

PANTHER_PATHWAY Interleukin signaling pathway 4 0.36 6.42E-02 4.01 43.72

Annotation Cluster 3 Enrichment Score: 1.90
Category Term Count % PValue Fold Enrichment FDR (%)

INTERPRO Insulin-like growth factor binding protein, N-terminal 3 0.27 1.45E-03 51.54 1.87
INTERPRO Insulin-like growth factor-binding protein, IGFBP 3 0.27 4.38E-03 29.84 5.55

PFAM IGFBP 3 0.27 4.50E-03 29.40 5.59
UP_SEQ_FEATURE domain:IGFBP N-terminal 3 0.27 4.90E-03 28.11 6.76

SMART IB 3 0.27 6.33E-03 24.44 6.22
GOTERM_MF_ALL insulin-like growth factor binding 3 0.27 6.77E-03 23.87 8.40
GOTERM_MF_ALL growth factor binding 3 0.27 6.25E-02 7.29 56.58
GOTERM_BP_ALL regulation of cell growth 3 0.27 1.05E-01 5.39 82.15
GOTERM_BP_ALL regulation of growth 4 0.36 1.97E-01 2.58 96.73

Annotation Cluster 4 Enrichment Score: 1.59
Category Term Count % PValue Fold Enrichment FDR (%)

GOTERM_BP_ALL lipid metabolic process 13 1.15 8.49E-04 3.09 1.31
GOTERM_BP_ALL oxoacid metabolic process 9 0.80 7.79E-03 3.11 11.47
GOTERM_BP_ALL carboxylic acid metabolic process 9 0.80 7.79E-03 3.11 11.47
GOTERM_BP_ALL organic acid metabolic process 9 0.80 7.89E-03 3.10 11.60
GOTERM_BP_ALL cellular lipid metabolic process 9 0.80 8.08E-03 3.09 11.86
GOTERM_BP_ALL cellular ketone metabolic process 9 0.80 8.98E-03 3.03 13.10
GOTERM_BP_ALL monocarboxylic acid metabolic process 6 0.53 2.22E-02 3.70 29.45
GOTERM_BP_ALL fatty acid metabolic process 5 0.44 2.44E-02 4.49 31.94
GOTERM_BP_ALL fatty acid biosynthetic process 3 0.27 8.45E-02 6.12 74.71
GOTERM_MF_ALL ligase activity 5 0.44 1.44E-01 2.44 86.64
GOTERM_BP_ALL carboxylic acid biosynthetic process 3 0.27 2.06E-01 3.52 97.25
GOTERM_BP_ALL organic acid biosynthetic process 3 0.27 2.06E-01 3.52 97.25
GOTERM_BP_ALL lipid biosynthetic process 4 0.36 2.43E-01 2.32 98.68

Annotation Cluster 5 Enrichment Score: 1.32
Category Term Count % PValue Fold Enrichment FDR (%)

GOTERM_CC_ALL cytoplasmic vesicle 8 0.71 1.81E-02 2.94 19.71
GOTERM_CC_ALL vesicle 8 0.71 2.01E-02 2.88 21.65
GOTERM_CC_ALL cytoplasmic membrane-bounded vesicle 6 0.53 6.87E-02 2.70 57.54
GOTERM_CC_ALL membrane-bounded vesicle 6 0.53 7.21E-02 2.66 59.36

SP_PIR_KEYWORDS cytoplasmic vesicle 4 0.36 1.35E-01 3.11 82.87

Annotation Cluster 6 Enrichment Score: 1.31
Category Term Count % PValue Fold Enrichment FDR (%)

GOTERM_BP_ALL embryonic development 11 0.98 6.51E-03 2.71 9.67
GOTERM_BP_ALL central nervous system development 8 0.71 6.53E-03 3.58 9.69
GOTERM_BP_ALL cell differentiation 17 1.51 2.24E-02 1.79 29.73
GOTERM_BP_ALL nervous system development 11 0.98 3.07E-02 2.13 38.49
GOTERM_BP_ALL cellular developmental process 17 1.51 3.17E-02 1.72 39.40
GOTERM_BP_ALL developmental process 24 2.13 5.04E-02 1.45 55.31
GOTERM_BP_ALL anatomical structure development 20 1.78 5.24E-02 1.52 56.70
GOTERM_BP_ALL system development 18 1.60 9.03E-02 1.47 77.07
GOTERM_BP_ALL multicellular organismal development 21 1.87 1.06E-01 1.38 82.55
GOTERM_BP_ALL organ development 13 1.15 2.88E-01 1.29 99.50
GOTERM_BP_ALL multicellular organismal process 27 2.40 5.30E-01 1.03 100.00

Annotation Cluster 7 Enrichment Score: 1.31
Category Term Count % PValue Fold Enrichment FDR (%)

GOTERM_BP_ALL embryonic development 11 0.98 6.51E-03 2.71 9.67
GOTERM_BP_ALL in utero embryonic development 5 0.44 7.59E-02 3.10 70.71
GOTERM_BP_ALL chordate embryonic development 6 0.53 1.07E-01 2.36 82.95
GOTERM_BP_ALL embryonic development ending in birth or egg hatching 6 0.53 1.11E-01 2.33 83.88

Non-clustered annotations

Category Term Count % PValue Fold Enrichment FDR (%)
GOTERM_MF_ALL protein binding 48 47.52 1.66E-03 1.44 2.12

BIOCARTA CD40L Signaling Pathway 3 2.97 2.32E-03 33.78 1.67
BIOCARTA TNFR2 Signaling Pathway 3 2.97 3.99E-03 25.83 2.86

GOTERM_BP_ALL cellular process 68 67.33 4.15E-03 1.22 6.27

BIOCARTA
Control of skeletal myogenesis by HDAC &

calcium/calmodulin-dependent kinase (CaMK)
3 2.97 4.99E-03 23.11 3.56

GOTERM_MF_ALL binding 76 75.25 5.32E-03 1.16 6.66
GOTERM_BP_ALL response to protein stimulus 4 3.96 1.52E-02 7.60 21.26
GOTERM_MF_ALL transcription factor binding 6 5.94 2.35E-02 3.65 26.49
GOTERM_CC_ALL cytosol 8 7.92 2.63E-02 2.72 27.43
KEGG_PATHWAY Adipocytokine signaling pathway 3 2.97 6.24E-02 7.14 48.79
GOTERM_BP_ALL steroid metabolic process 4 3.96 7.19E-02 4.11 68.71
KEGG_PATHWAY MAPK signaling pathway 5 4.95 7.59E-02 3.01 55.91
KEGG_PATHWAY PPAR signaling pathway 3 2.97 8.32E-02 6.05 59.40

PANTHER_PATHWAY Insulin/IGF pathway-protein kinase B signaling cascade 3 2.97 8.93E-02 5.60 55.53

Table S3. DAVID Gene Ontology Analysis for down-regulated genes by H2 treatment


