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Target analysis of human IDO1 

Executive summary 

¶ Indoleamine 2,3 dioxygenase (IDO1) is a tryptophan catabolizing enzyme involved in 

suppressing T-cell immunity in normal and pathological settings.  IDO1 mediates an immune 

escape mechanism which is implicated in cancer progression. 

¶ Orthologs of human IDO1 have been reported in several mammalian species including chimp, 

rhesus monkey, dog, cattle, mouse and rat. Apart from chimp and dog, all other mammalian 

model organisms have complete, experimentally validated sequence information. 

¶ Four splice variants are reported for human IDO1, encoding proteins of sizes 256aa, 229aa, 

201aa and 170aa. Splice variants reported in rhesus monkey and mouse are most 

homologous to the human IDO1 transcript encoding the 256aa protein. 

¶ The primary sites of IDO1 expression in humans are placenta, lung, eye, uterus and dendritic 

cells.  

¶ In mouse, the epididymis, followed by the ileum and jejunum are primary sites of Ido1 

expression. Like in humans, Ido1 expression in mouse is observed in the placenta and antigen 

presenting cells. 

¶ No coding region SNPs of IDO1 are correlated with any disease. However, intronic SNP 

rs7820268 is strongly correlated with aspirin intolerant asthma in Japanese. 

¶ An experimentally validated promoter region as well as transcriptional start site is reported 

ŦƻǊ L5hмΦ {ŜǾŜǊŀƭ ŜƭŜƳŜƴǘǎ ƛƳǇƻǊǘŀƴǘ ŦƻǊ LCbʴ ƳŜŘƛŀǘŜŘ ǊŜƎǳƭŀǘƛƻƴ ŀǊŜ ŦƻǳƴŘ ƛƴ ǘƘŜ L5hм 

promoter. 

¶ IDO2 is the only known paralog of IDO1. These are the only proteins in mammals that consist 

of the consensus IDO motifs- IDO_1 and IDO_2. 

¶ The over expression of IDO1 has been observed in several cancers and is involved in tumor 

progression via the process of immunosuppression. 

¶  IDO1 is also associated with several non-neoplastic disorders like autoimmune and 

inflammatory diseases. In neurodegenerative disorders, elevated IDO1 expression is 

associated with the enhanced production of neurotoxic catabolites. 
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7. Promoter analysis  

Sources of information:  EPD, TFSearch, TRED, PROSCAN, NCBI-PubMed, GoogleScholar 

¶ An experimentally validated promoter region is described for IDO1 with the TSS at position -

65. 

¶ The full length IDO1 promoter region (1245bp) is characterized with two ISRE sequences 

(interferon stimulated response elements).  

¶ IDO1 gene expression is positively regulated by IFNɹ. ISRE elements and STAT elements 

found in the pǊƻƳƻǘŜǊ ǊŜƎƛƻƴ ƻŦ L5hм ŀǊŜ ƛƳǇƻǊǘŀƴǘ ƛƴ LCbʴ ƳŜŘƛŀǘŜŘ ŜȄǇǊŜǎǎƛƻƴΦ 

¶ The expression of IDO1 is negatively regulated by several factors like BLIMP-1 and Bin1 via a 

mechanism involving c-Myc.  

 

The full length promoter region of IDO1 was cloned and characterized by Konan et al (1996). The 

authors inferred that the IDO1 promoter is 1245 base pairs long and includes two interferon 

stimulated response elements (ISRE) separated by 1 Kb. Extensive analysis of this region by deletion 

and mutagenesis experiments, led Konan et al to propose that both the ISRE elements are essential 

for appropriate transcriptional induction of IDO1.  

 

There is an experimentally validated transcription start site (TSS) for IDO1, explicitly recorded in the 

Eukaryotic Promoter Database (EPD). This was identified in the NEDO full length human cDNA 

sequencing project by the method of oligo-capping by Suzuki et al (2002). This was derived from oligo 

capped cDNA evidence from 36 clones from tissues including placenta, lung, uterus, normal and 

tumor ovary, pericardium and colon.  Based on this evidence, a TSS is predicted at position -65 with 

respect to the start codon. This is likely to be in the vicinity of the core promoter sequence. 

 

We analyzed regions 3 Kb upstream to the canonical exon 1 for elements that could mediate 

regulation of IDO1 gene expression.  Several relevant TF binding elements important in IDO1 gene 

expression were observed, consistent with what is reported in literature.  Few of these elements are 

ǊŜǇƻǊǘŜŘ ƛƴ LCbʴ ƳŜŘƛŀǘŜŘ ƎŜƴe expression.  These are discussed in the sections below.  

LCbʴ ƳŜŘƛŀǘŜŘ L5hм ƎŜƴŜ ǊŜƎǳƭŀǘƛƻƴ 

There are several pieces of evidence from literature which suggest that IDO1 gene expression is 

ǊŜƎǳƭŀǘŜŘ ōȅ ƛƴǘŜǊŦŜǊƻƴǎΦ LCbʴ ƛǎ Ƴƻǎǘ ŜŦŦŜŎǘƛǾŜ ƛƴ ƛƴŘǳŎƛƴƎ L5hм ŜȄǇǊŜǎǎƛƻƴ ό¢ŀȅƭƻǊ Ŝǘ ŀƭΦ мффмύΦ  ! 

sequence analysis of the promoter region of IDO1 revealed ǎŜǾŜǊŀƭ ŜƭŜƳŜƴǘǎ ƛƳǇƻǊǘŀƴǘ ƛƴ LCbʴ 

http://www.epd.isb-sib.ch/cgi-bin/get_doc?db=epd&format=nice&entry=HS_INDO
http://www.cbrc.jp/research/db/TFSEARCH.html
http://rulai.cshl.edu/cgi-bin/TRED/tred.cgi?process=searchProm&sel_organism=any&sel_type=gene_name&tx_search_terms=INDO&chrom=&from=&to=&start=0&submit=SEARCH
http://www-bimas.cit.nih.gov/molbio/proscan/
http://www.ncbi.nlm.nih.gov/sites/entrez
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mediated expression. We found the ISRE1 and ISRE2 sequences in the promoter region reported by 

Konan et al. ISRE1 is nearly 1.2kb upstream of the start codon, while ISRE2 is very close to the 

validated TSS. ISRE1 and ISRE2 are in opposite orientation and both contain motifs for IRF1 and IRF2 

ōƛƴŘƛƴƎΦ Lǘ ƛǎ ƪƴƻǿƴ ǘƘŀǘ ƛƴǘŜǊŦŜǊƻƴ ʴ ŀŎǘƛǾŀǘŜǎ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴ ƳŜŘƛŀǘŜŘ ōȅ ǇƘƻǎǇƘƻǊȅƭŀǘŜŘ {¢!¢ 

ǘƘŀǘ ōƛƴŘǎ ǘƻ LCbʴ ŀŎǘƛǾŀǘƛƻƴ ǎƛǘŜ όD!{ύ ŜƭŜƳŜƴǘǎ (Wesoly et al. 2007). We found two STAT elements 

binding sites very close to ISRE1.  STAT1 and IRF1 act cooperatively to mediate the induction of IDO1 

ŜȄǇǊŜǎǎƛƻƴ ōȅ LCbʴ ό/Ƙƻƴ Ŝǘ ŀƭΣ мффсύΦ  aƛŎŜ ǘƘŀǘ ƭŀŎƪ LwCм ŀǊŜ ŘŜŦƛŎƛŜƴǘ ƛƴ L5hм ŜȄǇǊŜǎǎƛƻƴ ŘǳǊƛƴƎ 

infection (Silva et al. 2002). ISRE element and IRF binding regions in promoter region of mouse Ido1 

were identified using TF search.  

Although, all interferons can bind to the ISRE sequence, there is a differential regulation of IDO1 gene 

ŜȄǇǊŜǎǎƛƻƴ ōȅ LCbʴ ŀƴŘ LCbʰκʲΦ  hƴŜ ƻŦ ǘƘŜ ǊŜŀǎƻƴǎ ŦƻǊ ǘƘƛs is hypothesized to be minor differences 

between the ISRE elements in IDO1 and the consensus ISRE sequence (Hassanain et al. 1993). We 

compared the ISRE1 and ISRE2 sequence present in IDO1 with six experimentally validated ISREs 

(Kessler et al. 1988; Trapani et al. 1994) and found minor differences with respect to the six known 

ISREs.  These can be seen in the alignment below, where the matches with respect to the consensus 

are highlighted in red.   

Experimentally validated ISREs 

 

IDO1_ISRE2                - TAGAAAATGAAACCA 15  

IDO1_ISRE1_rev_compl      AGGA AAACTGAAACC-  15 

ISRE_1                    - GGGAAAGTGAAACTA 15 

ISRE_2                    - GGGAAACCGAAACTG 15 

ISRE_3                    - GGGAAAATGAAACTC 15 

ISRE_4                    - GGGAAAATGAAACTG 15 

ISRE_5                    - GAGGAAACGAAACCA 15 

ISRE_6                    - AGGAAATAGAAACTT 15 

          Consensus                   GGNAAANTGAAACTN 

                        A 

 

 

Alignment of IDO1 ISRE reported by Konan et al, 2006 with the six experimentally validated 

ISREs. Also shown is the WebLogo of the alignment. IDO1 ISRE bases exhibiting higher 

conservation are highlighted in red. 
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We came across an experiment in GEO analyzing differential regulation of gene expression by Ŭ,  ̡and 

 ɹinterferons. Lƴ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ŜƴŘƻǘƘŜƭƛŀƭ ŎŜƭƭǎ ǘǊŜŀǘŜŘ ǿƛǘƘ ƛƴǘŜǊŦŜǊƻƴ όLCbύ ʰΣ ʲΣ ƻǊ ʴ ŦƻǊ р ƘƻǳǊǎ 

(GDS2516), there was a significant upregulation of IDO1 in endothelial cells trŜŀǘŜŘ ǿƛǘƘ LCbʰΣ LCbʲ 

ŀƴŘ LCbʴΦ Lƴ ŦƛōǊƻōƭŀǎǘǎΣ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ the effect is minimal ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ LCbʰ ŀƴŘ LCbʲΣ ŀƴŘ 

significantly high ƛƴ ŎŀǎŜ ƻŦ LCbʴΦ ¢ƘǳǎΣ ǿŜ ǎǇŜŎǳƭŀǘŜ ǘƘŀǘ L5hм ƛǎ ŘƛŦŦŜǊŜƴǘƛŀƭƭȅ ǊŜƎǳƭŀǘŜŘ ŘŜǇŜƴŘƛƴƎ 

on the cell type. 

 

¢ƘŜǊŜ ŀǊŜ ǊŜǇƻǊǘǎ ƻŦ ǎȅƴŜǊƎƛǎǘƛŎ ŜŦŦŜŎǘǎ ƻŦ ¢bCʰ ǿƛǘƘ LCbʴ (Chaves et al 2001). TNF is a critical 

cytokine mediator of inflammatory response and it is an established phenomenon that TNF and CEBP 

ŀŎǘƛǾŀǘŜ ŜŀŎƘ ƻǘƘŜǊΩǎ ŜȄǇǊŜǎǎƛƻƴ ό.Ǌƛǎǘƻƭ Ŝǘ ŀƭΦ нллфύΦ ²Ŝ ƻōǎŜǊǾŜ ǘǿƻ ƘƛƎƘ ǎŎƻǊƛƴƎ /9.t ōƛƴŘƛƴƎ ǎƛǘŜǎ 

in the promoter region of IDO1, nearly 500bp upstream to the validated TSS.  There are reports that 

NF-ˁ. ƛǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ǎȅƴŜǊƎƛǎǘƛŎ L5hм ŜȄǇǊŜǎǎƛƻƴ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ LCb-ʴ ŀƴŘ ¢bCŬ via IRF1 (Robinson et 

al.2006). We observed 2 NF-ˁ. ǎƛǘŜǎ ƴŜŀǊƭȅ мYō ǳǇǎǘǊŜŀƳ ǘƻ LwCмΦ  

The expression of IDO1 is known to be negatively regulated by Bin1, a proapoptotic tumor 

suppressor. Bin1 interacts with c-Myc, resulting in a repression of NF kappa B and STAT1 mediated 

transcription of IDO1 (Muller et al, 2005). We find a c-Myc element in the region upstream to the 

validated TSS.   Bin1 is attenuated in several human malignancies; thus it is possible that IDO1 might 

be induced in cancers via a NF kappa B and STAT1 mediated mechanism. Mouse knockout studies 

indicate that Bin1 loss elevates the STAT1- and NF-kappaB-dependent expression of IDO1 (Muller et 

al. 2005). 

LCbʴ ƛƴŘŜǇŜƴŘŜƴǘ L5hм ƎŜƴŜ ǊŜƎǳƭŀǘƛƻƴ 

¢ƘŜǊŜ ŀǇǇŜŀǊǎ ǘƻ ōŜ ŀƴ LCbʴ independent pathway as well that regulates IDO1 gene expression. This 

was evident from sǘǳŘƛŜǎ ŘƻƴŜ ƛƴ LCbʴ ƪƴƻŎƪout mice which revealed an upregulation of IDO1 (Hoshi 

et al. 2009).  LPS is reported to upregulate IDO1 expression in the absence ƻŦ LCbʴ (Wang et al. 2009). 

Toll-like receptors (TLRs) are key components of the innate immune system representing a primary 

line of defense against invading pathogens. It is established that on activation, TLRs trigger a cascade 

of events culminating in activation of NF- Bˁ.  NF-ˁ. leads to inflammatory gene expression and 

clearance of the infectious agent (Doyle and O'Neill, 2006).  The toll like receptor, TLR4 is activated by 

LPS. It is possible that in case of bacterial infections, LPS (a component of Gram negative bacteria) 

activates TLR4, resulting in upregulation of IDO1 expression. This in turn would lead to depletion of 

tryptophan and subsequent removal of the invading pathogens. LPS induced IDO activity is 

established in mouse peritoneal cells in the presence of natural killer T cells (Ohtaki et al. 2009).  
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Figure 5: Regulation of IDO1 expression: The figure represents the factors regulating IDO1 gene 

expression and is drawn approximately to scale.  Experimentally validated transcription factors (TFs) 

that regulate IDO1 expression are represented in green. Positive regulation is indicated with green 

arrows while negative regulation is shown with red arrows.  TSS is the transcription start site.  
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