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A profound comprehension of the intricate regulatory mechanisms within the immune 25 

system is essen<al for naviga<ng the complexi<es of cancer and immunotherapy. This 26 

commentary paper delves into the intricate interplay between tryptophan metabolism, the 27 

enzymes indoleamine 2,3-dioxygenase 1 (IDO1) and tryptophan-dioxygenase (TDO), and the 28 

aryl hydrocarbon receptor (AHR). These elements play pivotal roles in shaping immune 29 

responses, par<cularly in advanced-stage cancers, where their overexpression is associated 30 

with poor prognosis and immune suppression1. 31 

 32 
Studies examining the effects of immune suppression caused by IDO and TDO tended 33 

to focus separately on the outcomes of tryptophan depriva<on and kynurenine produc<on. 34 

The connec<on between IDO and AHR has long been associated with the metabolite 35 

kynurenine2. Recent research by Solvay et al. has revealed the complex ways in which AHR 36 

ac<va<on is influenced by both the lack of tryptophan and the produc<on of kynurenine3. This 37 

interac<on demonstrates the impressive complexity of the immune suppression orchestrated 38 

by the enzymes IDO and TDO. Specifically, it has been found that when tryptophan is in short 39 

supply, it can boost the expression of AHR and make it more responsive to triggers, especially 40 

making it more sensi<ve to rela<vely weak triggers like kynurenine. Importantly, this increased 41 

sensi<vity has been demonstrated to favor the in vitro differen<a<on of regulatory T cells 42 

(Tregs). 43 

 44 
The poten6a6on of AHR ac6va6on: a mul6faceted collabora6on 45 
 46 

The process by which IDO and TDO enhance AHR ac<va<on is intricate and involves 47 

several crucial steps (Figure 1). This complex sequence of events includes mul<ple aspects. 48 

One of the key elements in this process is the increase in the produc<on of AHR, a receptor 49 

that plays a central role in immune regula<on. As AHR levels rise, it becomes more available 50 



for interac<on with ac<va<ng molecules. Kynurenine needs a way to enter cells to exert its 51 

effects on the immune system. The increased expression of kynurenine transporter LAT1 52 

ensures that more kynurenine can enter cells, making it readily available to par<cipate in 53 

immune regula<on. As tryptophan is depleted due to the ac<on of IDO and TDO, there is less 54 

compe<<on for cellular entry between tryptophan and kynurenine4. This reduc<on in 55 

compe<<on allows kynurenine to enter cells more efficiently. Enzymes responsible for 56 

metabolizing kynurenine, including kynurenine formamidase (KFA) and kynurenine 57 

aminotransferase (KAT) are also upregulated. This means that once kynurenine enters the cell, 58 

it undergoes a series of transforma<ons that are essen<al for its role in immune regula<on. 59 

 60 
Tryptophan depriva<on is the driving force behind these processes. When tryptophan 61 

becomes scarce due to the ac<ons of IDO and TDO, the stage is set for kynurenine, a 62 

metabolite of tryptophan, to enter cells, undergo the necessary metabolic changes, and 63 

subsequently ac<vate AHR. 64 

 65 
Understanding this intricate series of events is crucial for comprehending the 66 

adaptability and precision of immune suppression mechanisms orchestrated by IDO and TDO. 67 

By manipula<ng mul<ple factors simultaneously, these enzymes create an environment 68 

conducive to AHR ac<va<on, thereby influencing immune responses in a coordinated manner. 69 

This mul<-step process not only underscores the complexity of AHR regula<on but also 70 

highlights the poten<al for developing therapeu<c interven<ons that specifically target these 71 

individual steps within the cascade.  72 

 73 
In addi<on, it is important to recognize that the physiological consequences of 74 

tryptophan depriva<on may extend far beyond our current understanding. For instance, the 75 



increased AHR expression due to tryptophan depriva<on could poten<ally enhance the AHR 76 

ac<va<on to other AHR ligands. Addi<onally, this depriva<on might influence the cellular 77 

uptake of other amino acids that uses LAT1 for transporta<on5. It would be intriguing to 78 

conduct a detailed analysis of the cellular state when exposed to tryptophan depriva<on and 79 

its poten<al impact on different immune suppressive mechanisms. More research might 80 

reveal a complex network of connec<ons and outcomes in this situa<on. 81 

 82 
 83 
Amino acid metabolism: a complex and context-dependent process  84 
 85 

The insights into tryptophan metabolism and its impact on AHR ac<va<on provide 86 

valuable insights into the intricate network of amino acid metabolism and its pivotal role in 87 

immune regula<on and cellular responses. Amino acids are not isolated en<<es; their 88 

metabolic pathways are intricately interconnected, exer<ng mutual influence. 89 

 90 
The dynamic impact of tryptophan metabolism on AHR ac<va<on could imply the 91 

existence of analogous regulatory mechanisms for other amino acids. This complex interplay 92 

between amino acids and immune regula<on has the poten<al to illuminate how different 93 

amino acids modulate immune responses. 94 

 95 
Moreover, considering that tryptophan metabolism can adapt to environmental 96 

changes, such as limited tryptophan availability, it is conceivable that other amino acids and 97 

their metabolic pathways may possess a similar adap<ve capacity in response to changing 98 

condi<ons. This adaptability could have profound implica<ons for cellular func<ons that 99 

extend beyond immediate effects. In this context, the interplay between IDO/TDO, kynurenine, 100 

and AHR may serve as a model for comprehending the broader landscape of amino acid 101 

metabolism and its role in immune regula<on. 102 



 103 
 104 
Conclusion 105 
 106 

In conclusion, this commentary underscores the mul<faceted nature of immune 107 

response regula<on and its poten<al for therapeu<c development. The journey through the 108 

intricate interplay between tryptophan metabolism, IDO/TDO, and AHR reveals a complex 109 

coopera<on for immune regula<on. Understanding the mul<faceted mechanisms by which 110 

tryptophan metabolism impacts AHR ac<va<on is cri<cal for unravelling immune suppression 111 

and developing targeted interven<ons. Beyond this, it hints at broader connec<ons in amino 112 

acid metabolism and its impact on immune regula<on, offering a promising avenue for further 113 

explora<on.  114 
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Figure Legend: 142 
 143 
Figure 1: IDO/TDO-Enhanced AHR Ac6va6on. The poten<a<on of AHR ac<va<on by IDO/TDO 144 
is the result of a mul<faceted process, encompassing several crucial steps. This intricate 145 
sequence includes the upregula<on of AHR expression, the elevated expression of kynurenine 146 
transporters, the reduced compe<<on with tryptophan for entry, and the increased 147 
expression of enzymes responsible for producing kynurenine metabolites. All of these 148 
processes, induced by tryptophan depriva<on, collec<vely set the stage for the tryptophan 149 
catabolite kynurenine to enter, undergo metabolism, and subsequently ac<vate AHR. 150 
Illustra<on created with BioRender.com. 151 
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