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Meta-analysis of public hypoxic transcriptomes 
for cancer researches 
癌研究のための公共データベースからの低酸素トランスクリプトームのメタ解析

In order to elucidate functional insights in hypoxic response in data-driven way, we have attempted meta-analysis of hypoxic transcriptome for public expression data which have been archived as microarray and RNA-seq data in public transcriptome databases. 
While various hypoxic conditions (oxygen concentration and duration of hypoxia) and cell lines are taken in the stored data, we manually curated possible pairs of transcriptome before and after hypoxic stress from microarray and RNA-seq data. The number of experiments 
for all genes was counted and those were classified into three categories, which are up-regulated, down-regulated, and unchanged. Genes up-regulated in all records contained well-studied hypoxia responsive genes, while down-regulated genes were unfamiliar in hypoxia. 
Meta-analysis approach to public gene expression database is useful for selecting candidate genes from gene expression profiles of various experimental conditions.  The data produced in this study are open and ready for use to all cancer researchers.
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INSD   
1. Next generation reads (SRA)  
2. Samples(BioSample) 
3. Studies(BioProject) 
4. Capillary reads 
5. Annotated sequence

Ref: http://www.insdc.org/ 

 Public databases

Gene expression DB 
• NCBI Gene Expression Omnibus (GEO) 
• EBI ArrayExpress 
• DDBJ Genomic Expression Archive 
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Collaboration with Dr. Keiji Tanimoto at Hiroshima University
[2] Nakamura H et al. PLoS One 2018; 13(2):e0192136. doi: 10.1371/journal.pone.0192136
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No ID UP DOWN UN UP DOWN UN Gene Symbol Description
1 223758_s_at 0 23 6 1 6 3 GTF2H2 general transcription factor IIH, polypeptide 2, 44kDa [Source:HGNC Symbol;Acc:4656]
2 223758_s_at 0 23 6 1 6 3 GTF2H2C general transcription factor IIH, polypeptide 2C [Source:HGNC Symbol;Acc:31394]
3 227766_at 0 21 8 0 6 4 LIG4 ligase IV, DNA, ATP-dependent [Source:HGNC Symbol;Acc:6601]
4 209903_s_at 0 20 9 0 5 5 ATR ataxia telangiectasia and Rad3 related [Source:HGNC Symbol;Acc:882]
5 209902_at 0 19 10 1 5 4 ATR ataxia telangiectasia and Rad3 related [Source:HGNC Symbol;Acc:882]
6 223511_at 0 19 10 1 5 4 SPRTN SprT-like N-terminal domain [Source:HGNC Symbol;Acc:25356]
7 204531_s_at 1 19 9 0 4 6 BRCA1 breast cancer 1, early onset [Source:HGNC Symbol;Acc:1100]
8 222889_at 0 19 10 0 3 7 DCLRE1B DNA cross-link repair 1B [Source:HGNC Symbol;Acc:17641]
9 204768_s_at 2 19 8 1 2 7 FEN1 flap structure-specific endonuclease 1 [Source:HGNC Symbol;Acc:3650]

10 201202_at 1 19 9 0 2 8 PCNA proliferating cell nuclear antigen [Source:HGNC Symbol;Acc:8729]
11 209804_at 0 19 10 0 1 9 DCLRE1A DNA cross-link repair 1A [Source:HGNC Symbol;Acc:17660]
12 230177_at 0 18 11 0 7 3 GTF2H2C general transcription factor IIH, polypeptide 2C [Source:HGNC Symbol;Acc:31394]
13 206235_at 3 18 8 1 5 4 LIG4 ligase IV, DNA, ATP-dependent [Source:HGNC Symbol;Acc:6601]
14 209421_at 0 18 11 1 5 4 MSH2 mutS homolog 2, colon cancer, nonpolyposis type 1 (E. coli) [Source:HGNC Symbol;Acc:7325]
15 209849_s_at 0 18 11 0 4 6 RAD51C RAD51 homolog C (S. cerevisiae) [Source:HGNC Symbol;Acc:9820]
16 204767_s_at 1 18 10 1 1 8 FEN1 flap structure-specific endonuclease 1 [Source:HGNC Symbol;Acc:3650]
17 201523_x_at 0 18 11 0 1 9 UBE2N ubiquitin-conjugating enzyme E2N [Source:HGNC Symbol;Acc:12492]
18 222233_s_at 0 17 12 0 6 4 DCLRE1C DNA cross-link repair 1C [Source:HGNC Symbol;Acc:17642]
19 213007_at 1 17 11 0 4 6 FANCI Fanconi anemia, complementation group I [Source:HGNC Symbol;Acc:25568]
20 206066_s_at 0 17 12 1 4 5 RAD51C RAD51 homolog C (S. cerevisiae) [Source:HGNC Symbol;Acc:9820]
21 202330_s_at 4 17 8 1 2 7 UNG uracil-DNA glycosylase [Source:HGNC Symbol;Acc:12572]
22 205394_at 3 17 9 0 1 9 CHEK1 checkpoint kinase 1 [Source:HGNC Symbol;Acc:1925]
23 205162_at 0 17 12 0 0 10 ERCC8 excision repair cross-complementing rodent repair deficiency, complementation group 8 [Source:HGNC Symbol;Acc:3439]
24 235215_at 1 16 12 0 5 5 ERCC4 excision repair cross-complementing rodent repair deficiency, complementation group 4 [Source:HGNC Symbol;Acc:3436]
25 202907_s_at 0 16 13 1 5 4 NBN nibrin [Source:HGNC Symbol;Acc:7652]
26 212751_at 0 16 13 0 5 5 UBE2N ubiquitin-conjugating enzyme E2N [Source:HGNC Symbol;Acc:12492]
27 208694_at 1 16 12 0 3 7 PRKDC protein kinase, DNA-activated, catalytic polypeptide [Source:HGNC Symbol;Acc:9413]
28 204603_at 2 16 11 0 2 8 EXO1 exonuclease 1 [Source:HGNC Symbol;Acc:3511]
29 235609_at 4 16 9 0 1 9 BRIP1 BRCA1 interacting protein C-terminal helicase 1 [Source:HGNC Symbol;Acc:20473]
30 218689_at 0 16 13 0 1 9 FANCF Fanconi anemia, complementation group F [Source:HGNC Symbol;Acc:3587]
31 223785_at 2 16 11 1 1 8 FANCI Fanconi anemia, complementation group I [Source:HGNC Symbol;Acc:25568]
32 206554_x_at 0 16 13 0 1 9 SETMAR SET domain and mariner transposase fusion gene [Source:HGNC Symbol;Acc:10762]
33 205393_s_at 4 16 9 1 0 9 CHEK1 checkpoint kinase 1 [Source:HGNC Symbol;Acc:1925]
34 221540_x_at 0 15 14 0 6 4 GTF2H2 general transcription factor IIH, polypeptide 2, 44kDa [Source:HGNC Symbol;Acc:4656]
35 221540_x_at 0 15 14 0 6 4 GTF2H2C general transcription factor IIH, polypeptide 2C [Source:HGNC Symbol;Acc:31394]
36 208643_s_at 0 15 14 1 5 4 XRCC5 X-ray repair complementing defective repair in Chinese hamster cells 5 (double-strand-break rejoining) [Source:HGNC Symbol;Acc:12833]
37 208955_at 2 15 12 0 4 6 DUT deoxyuridine triphosphatase [Source:HGNC Symbol;Acc:3078]
38 239346_at 0 15 14 0 4 6 GTF2H3 general transcription factor IIH, polypeptide 3, 34kDa [Source:HGNC Symbol;Acc:4657]
39 219530_at 0 15 14 0 4 6 PALB2 partner and localizer of BRCA2 [Source:HGNC Symbol;Acc:26144]
40 205733_at 0 15 14 0 3 7 BLM Bloom syndrome, RecQ helicase-like [Source:HGNC Symbol;Acc:1058]
41 202633_at 0 15 14 0 3 7 TOPBP1 topoisomerase (DNA) II binding protein 1 [Source:HGNC Symbol;Acc:17008]
42 211851_x_at 0 15 14 0 1 9 BRCA1 breast cancer 1, early onset [Source:HGNC Symbol;Acc:1100]
43 238075_at 1 15 13 0 0 10 CHEK1 checkpoint kinase 1 [Source:HGNC Symbol;Acc:1925]
44 205436_s_at 0 15 14 1 0 9 H2AFX H2A histone family, member X [Source:HGNC Symbol;Acc:4739]
45 213677_s_at 0 14 15 1 5 4 PMS1 PMS1 postmeiotic segregation increased 1 (S. cerevisiae) [Source:HGNC Symbol;Acc:9121]
46 202520_s_at 0 14 15 0 4 6 MLH1 mutL homolog 1, colon cancer, nonpolyposis type 2 (E. coli) [Source:HGNC Symbol;Acc:7127]
47 205024_s_at 1 14 14 0 3 7 RAD51 RAD51 homolog (S. cerevisiae) [Source:HGNC Symbol;Acc:9817]
48 208644_at 0 14 15 0 2 8 PARP1 poly (ADP-ribose) polymerase 1 [Source:HGNC Symbol;Acc:270]
49 214426_x_at 0 14 15 0 1 9 CHAF1A chromatin assembly factor 1, subunit A (p150) [Source:HGNC Symbol;Acc:1910]
50 218397_at 1 14 14 0 1 9 FANCL Fanconi anemia, complementation group L [Source:HGNC Symbol;Acc:20748]
51 201524_x_at 0 14 15 0 0 10 UBE2N ubiquitin-conjugating enzyme E2N [Source:HGNC Symbol;Acc:12492]
52 228286_at 0 13 16 0 4 6 GEN1 Gen endonuclease homolog 1 (Drosophila) [Source:HGNC Symbol;Acc:26881]
53 203344_s_at 0 13 16 0 4 6 RBBP8 retinoblastoma binding protein 8 [Source:HGNC Symbol;Acc:9891]
54 1554883_a_at 0 13 16 0 3 7 ERCC8 excision repair cross-complementing rodent repair deficiency, complementation group 8 [Source:HGNC Symbol;Acc:3439]
55 225625_at 0 13 16 0 2 8 ALKBH2 alkB, alkylation repair homolog 2 (E. coli) [Source:HGNC Symbol;Acc:32487]
56 205395_s_at 2 13 14 0 2 8 MRE11A MRE11 meiotic recombination 11 homolog A (S. cerevisiae) [Source:HGNC Symbol;Acc:7230]
57 205301_s_at 0 13 16 0 2 8 OGG1 8-oxoguanine DNA glycosylase [Source:HGNC Symbol;Acc:8125]
58 203103_s_at 0 13 16 0 2 8 PRPF19 PRP19/PSO4 pre-mRNA processing factor 19 homolog (S. cerevisiae) [Source:HGNC Symbol;Acc:17896]
59 214727_at 1 13 15 0 1 9 BRCA2 breast cancer 2, early onset [Source:HGNC Symbol;Acc:1101]
60 203976_s_at 0 13 16 0 1 9 CHAF1A chromatin assembly factor 1, subunit A (p150) [Source:HGNC Symbol;Acc:1910]
61 208956_x_at 2 13 14 0 0 10 DUT deoxyuridine triphosphatase [Source:HGNC Symbol;Acc:3078]
62 209932_s_at 0 13 16 0 0 10 DUT deoxyuridine triphosphatase [Source:HGNC Symbol;Acc:3078]
63 202451_at 0 12 17 2 5 3 GTF2H1 general transcription factor IIH, polypeptide 1, 62kDa [Source:HGNC Symbol;Acc:4655]
64 224200_s_at 2 12 15 0 4 6 RAD18 RAD18 homolog (S. cerevisiae) [Source:HGNC Symbol;Acc:18278]

In cancer cells In Non-cancer cells

S6 Table. Hypoxic down-regulation of DNA damage recognition and repair genes in cancer 
and non-cancer cells analyzed using the NCBI Gene Expression Omnibus database. 
https://doi.org/10.1371/journal.pone.0192136.s006

Gene        up       down   unchanged 
EGR3        20          2           1 
FOSB        19          0           4 
SDAD1P1     17          6           0 
PNRC1       17          3           3 
EGR1        17          0           6 
DDIT4       17          6           0 
BHLHE40     17          6           0 
AC147067    17          2           4 
AC132938    17          3           3 
ZNF295      16          6           1 
ZCWPW2      16          3           4 
S1PR4       16          5           2 
PGK1P2      16          6           1 
OSER1       16          3           4 
MAFF        16          6           1 
LINC01220   16          6           1 
LINC00482   16          3           4 
HIST1H2AC   16          1           6 
GDF15       16          0           7 
FXYD6       16          5           2 
FOS         16          3           4 
FLT4        16          0           7 
BTG1        16          1           6 
ARRDC3      16          3           4 
AP001065    16          3           4 
AC135050    16          5           2 
AC106782    16          4           3 
AC069528    16          5           2 
AC069503    16          4           3 
AC007448    16          5           2 
ZC3H6       15          5           3 
UNC5B       15          5           3 
TSPEAR      15          4           4 
SPRY1       15          6           2 
SEC14L5     15          7           1 
RASD1       15          4           4 
RASA4B      15          4           4 
PADI2       15          3           5 
MIR210HG    15          6           2 
..

curated hypoxia-normoxia pairs

human 
GeneChip 37 pairs from 11 data series

mouse 
GeneChip

53 pairs from 8 data series

Human 
RNA-seq 23 pairs from 7 data series

Human RNA-seq Human-mouse GeneChip

Application of meta-analyzed data

Geneset enrichment analysis by metascape

Future work 
- Further functional analyses of candidate genes 
- More applications for secondary analysis of publicly 

available transcriptome data (RNA-seq)

GSE30337 (E-GEOD-30337)
Transcriptome sequencing of naked mole rat, Heterocephalus glaber

GSM (GEO Sample) SRR (SRA Run ID) description

GSM752147 SRR306394 liver pupil

GSM752148 SRR306395 liver 4 years

GSM752149 SRR306396 liver 20 years

GSM752150 SRR306397 kidney pupil

GSM752151 SRR306398 kidney 4 years

GSM752152 SRR306399 kidney 20 years

GSM752153 SRR306400 brain pupil

GSM752154 SRR306401 brain 4 years

GSM752155 SRR306402 brain 20 years

GSM752156 SRR306403 7 tissues mix

GSM752157 SRR306404 liver 4 years hypoxia

GSM752158 SRR306405 kidney 4 years hypoxia

GSM752159 SRR306406 brain 4 years hypoxia

Comparison 
1. aging (longevity) 

1. liver 4 vs 20 
2. kidney 4 vs 20 
3. brain 4 vs 20 

2. hypoxia 
1. liver 4years 
2. kidney 4years 
3. brain 4years 

RSEM (RNA-Seq by Expectation Maximization)
 -> DEG Analysis using EBSeq

https://github.com/bli25ucb/RSEM_tutorial 

3 months vs 21 months

Comparison of Longevity differentially expressed genes in 
aging (liver in deba and mouse)

ID conversion by Biomart
http://www.ensembl.org/biomart/

Comparison to 
mouse needed!

 Secondary analysis of transcriptomes by RNA-seq
Example: Naked mole-rat (Heterocephalus glaber), so called ‘deba’

Search publicly available data
ArrayExpress http://www.ebi.ac.uk/arrayexpress/ 
keyword “RNA-seq mouse aging liver”

GSE57809 (E-GEOD-57809)
Genome-wide expression profiles in young and old mouse liver [RNA-seq]
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