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Abstract 

The aryl hydrocarbon receptor (AhR), encoded by the AHR gene, is a transcription 

factor belonging to the basic helix-loop-helix (bHLH) Per-Arnt-Sim (PAS) family. The  

AhR plays a crucial role in the regulation of xenobiotic metabolism, cellular 

differentiation, stem cell maintenance, immunity and cancer. The activation of the 

canonical AhR signaling pathway inducing downstream genes, such as cytochrome 

P450 enzimes, involved in the detoxification metabolism in the human body, plus the 

interaction of the Ah Receptor with several non canonical signaling pathways, like 

the epidermal growth factor receptor (EGFR), signal transducer and activator of 

transcription 3 (STAT3), hypoxia-inducible factor-1α (HIF-1α), nuclear factor ekappa 

B (NF-κβ), estrogen receptor (ER), and androgen receptor (AR) has recently gained 



 

significant attention as potential targets for the development of novel cancer 

therapies. AHR genetic variants have been reported in a variety of cancers including, 

glioblastoma, ovarian, colorectal, gastric, lung, skin, and head and neck cancer in 

studies performed mainly in White populations. Here, we present a compilation of 

genetic variants in the AHR gene identified in cancer genomic studies in different 

populations, with specific focus on the Latin American population. 

We performed a search for variants in the AHR gene in three cancer data 

repositories (COSMIC, ICGC and TCGA), and two genomic data repositories 

(GnomAD v2.1 and The GWAS Catalog). Additionally, in silico analysis of variant 

pathogenicity was performed using bioinformatics tools.  

This study found a high number of variants in AHR in different cancer types, with a 

total of 64 potentially impactful variants to the protein function. These genomic 

changes were reported in studies from United States, United Kingdom; China, 

among other countries. The cancer types with most high impact variants in AHR 

were Colorectal, Ovary, Stomach, and brain cancer. The identification of AHR 

variants in Latin American populations was established mostly through the ICGC 

and TCGA repositories and 7 genomic alterations were detected as high impact 

consequence assuming to have a disruptive impact in the protein. Latin American 

studies have been restricted mostly to Skin, Uterus and Cervix cancer. Furthermore,   

the observed distribution of variants including, insertion-deletions, frameshift and 

stop gained, in the protein domains: bHLH, PAS A and PAS B may suggests a 

weakening of the formation of a stable AhR-ARNT heterodimer necessary for the 

AhR signaling pathway. Also, 41 high impact alterations were found covering the 

genomic region around exons 7–9 in AhR (Chr7:17372389–17378532), which may 



 

lead to a constitutively activated AhR signaling inducing the promotion of cancer. 

This result may correlate with the variety of cancer types where AHR gene was 

expressed.  

This study presents a compilation of genetic variants in AHR with high impact in 

several cancer sites reported in White, Europe, Hispanic and other populations. The 

underrepresentation of Latin Americans found in these genomic repositories 

indicates the need to study the AHR variation in this population allowing to identify 

genetic risk variants in the gene that leads to a better understanding of the receptor's 

role in the development and progression of cancer.  
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Introduction 

 

Cancer is the second leading cause of death worldwide behind cardiovascular 

diseases and its incidence and mortality are rapidly growing worldwide (Bray et al. 

2018, Sung et al. 2021). According to the International Agency for Research on 

Cancer, a global estimate of 19.3 million new cancer cases and almost 10.0 million 

cancer deaths occurred in 2020 (Sung et al. 2021); this reflects changes in the 

prevalence and distribution of major risk factors for cancer like tobacco and alcohol 

consumption, poor diets, infectious agents, environmental pollutants, and radiation 

exposure (Yang et al. 2019). Although environmental exposures to carcinogens 

contribute to cancer risk, variation in the incidence and progression of cancers 

among individuals can be attributed to interindividual variation (Wilson et al. 2002; 

Yang et al. 2019).  

 

The Aryl hydrocarbon receptor (AhR) a protein encoded by the AHR gene, is a 

member of the basic-helix-loop-helix (bHLH)-Per-ARNT-Sim (PAS) family of 

transcription factors (Powell et al.  2013; Hanieh et al. 2016; Baker et al. 2019). As 

a member of the bHLH superfamily, AhR contains a bHLH, a Per-ARNT-Sim (PAS), 

and a glutamate-rich domain (Hu et al. 2023). The bHLH domain is situated at the 

N-terminus of AhR, and it connects the receptor to the promoter region of its target 

genes (Hu et al. 2023). The PAS domain, which can be divided into PAS-A and PAS- 

domains, is located between the bHLH and the glutamate-rich domains (Hu et al. 

2023). Both the bHLH domain and the PAS-A domain of AhR are involved in the 

heterodimerization process with the aryl hydrocarbon receptor nuclear translocator 



 

(ARNT), while the PAS-B domain mainly connects AhR to its ligand and helps in 

AhR nuclear translocation. The PAS-B domain also serves as the ligand binding 

domain (LBD) (Hu et al., 2023). The glutamate-rich domain, also known as the 

transcriptional activation domain (TAD), is located at the C-terminal of the AhR 

protein. It plays an important rol in recruiting transcriptional activators once the AhR-

ARNT heterodimer has bound to the xenobiotic response element (XRE) (Hu et al., 

2023).   

 

The activation of the canonical AhR signaling pathway is widely recognized for its 

role in driving the expression of specific targets that are involved in the regulation of 

drug metabolism and detoxification. This pathway is responsible for the induction of 

cytochrome P450 enzymes, which play a crucial role in the metabolism of toxins 

within the human body (Sato et al., 2019). Chemicals present in tobacco have been 

demonstrated to enhance AhR expression and activities, leading to the biosynthesis 

of CYP1A1 and CYP2E1. These phase I detoxification enzymes are crucial in 

eliminating harmful tobacco chemicals from the human body. Besides, cytochrome 

P450 enzymes like CYP1A1 and CYP1B1 activate pre-carcinogens by the formation 

of DNA adducts in human cells (Alsubait et al., 2020). Apart from the canonical 

signaling pathway, AhR could also interact with various proteins from different 

signaling pathways (Mulero and Fernandez 2016; Roman et al. 2018; Lafleur et al. 

2023) such as the expression of epidermal growth factor receptor (EGFR) to activate 

the phosphoinositide 3-kinase/protein kinase B (PI3K/AKT) signaling pathway 

(Popolo et al. 2017; Bai et al., 2023), the FAK/Src (Tomkiewicz et al. 2013; Wei et 

al. 2018), TGF-b (Gagliani et al. 2015), and NF-jB signaling pathways (Galle-Treger 



 

et al. 2016) critical to cell normal homeostasis (Feng, Cao y Wang, 2013). Also, AhR 

could form a heterodimer with the signal transducer and activator of transcription 3 

(STAT3) to inhibit STAT3-mediated signaling activities (Nukaya et al., 2004; 

Sondermann et al., 2023). Additional functions have been associated with the Ah 

receptor relating to apoptosis, gene regulation, cell proliferation and migration (Feng, 

Cao y Wang, 2013; Yang et al. 2019), normal physiology and embryonic 

development (Bradshaw and Bell 2009; Stejskalova y Pavek, 2011; Murray, 

Patterson y Perdew, 2014; Yang et al. 2019) and the correct functioning of the 

female reproductive system at all stages from fetal development through adulthood 

(Baker et al. 2019; Karman et al. 2009).  

 

As AHR is known to be activated by various endogenous and exogenous ligands 

and to form various interactions with other signaling proteins, dysregulation in AhR 

expression and activity is likely to promote cancer development (Feng, Cao y Wang, 

2013; Gearhart-Serna et al. 2020; Benoit et al. 2023), thus the AhR has emerged as 

an important novel drug target for cancers by enhancing or inhibiting carcinogenesis 

in a wide range of tissues (Safe, Cheng y Jin, 2017). Depending on the malignancy 

type, glioblastoma, ovarian, colorectal, gastric, lung, skin, head and neck cancer and 

the endogenous role of the receptor, clinical treatment with AhR agonists or 

antagonists alone or in combination with other drugs constitutes an approach for 

cancer (Safe, Cheng y Jin, 2017). The difference in transcriptional activity of the Ah 

receptor linked to polymorphic variation in the AHR gene may contribute to individual 

genetic cancer susceptibility (Miller et al, 2002; Norppa, 2003; Chen et al. 2009; 

Brunotto et al. 2014; Fernández et al. 2019; Re et al. 2020; Cheng et al. 2022).  



 

 

However, most genomic studies in cancer include individuals from The United States 

and Europe (Carrio et al. 2020; Chong et al. 2023, p. 8-10), while Latin American 

population continue to be underrepresented, which limits the findings from genomic 

research to clinical care in diverse populations (Popejoy & Fullerton, 2016; Landy et 

al. 2018). Reference genomics databases are a powerful tool for understanding the 

biological function of genetic variation. Their use guides the identification of 

pathogenic variants and supports the analysis of disease-causal/susceptible genes 

relationships (Gudmundsson et al. 2022). Accordingly, in the present study we 

gathered data from three cancer and two genomic repositories: The Catalogue of 

Somatic Variants in Cancer-COSMIC (https://cancer.sanger.ac.uk/cosmic), which is 

the largest database of somatic mutations and their effects on human cancer (Forbes 

et al. 2015);  The International Cancer Genome Consortium-ICGC (http://icgc.org/), 

that is a global data portal containing a large catalog of mutational abnormalities in 

the major tumor types (Zhang et al. 2019); The Cancer Genome Atlas-TCGA 

(https://portal.gdc.cancer.gov/), a project covering a large cancer-causing genomic 

alterations and clinical data across different tumor types (Tomczak, Czerwińska y 

Wiznerowicz, 2015); The Genome Aggregation Database-GnomAD v2.1 

(https://gnomad.broadinstitute.org/), which is currently the largest collection of 

population variation from harmonized exome and genome sequencing data from 

around the world (Gudmundsson et al. 2021) and The GWAS catalog 

(https://www.ebi.ac.uk/gwas/). All variants in COSMIC, ICGC and TCGA contained 

confirmed somatic alterations across tumor types. The GnomAD “cancer” dataset 

and some variants reported in the GWAS Catalog were identified from blood 



 

(germline) cancer samples. The objective of the present study was to compile 

genetic variants in the AHR gene identified in cancer genomic studies in different 

populations, with specific focus on the Latin American population, and to determine 

the classification of the severity of the variant’s consequence on the receptor based 

on agreement with in silico analysis tools. The Identification of AHR cancer risk 

variants may increase our comprehension of the role of the receptor in development 

and cancer progression, and provide clues for early tumor detection and the 

development of targeted cancer drugs. 

 

 

Methods 

 

Data consolidation from cancer genomics data repositories and the GWAS 

catalog 

Genetic variants in AHR were dowloaded from three cancer data repositories: 

COSMIC, ICGC, and TCGA; and two genomic data portals: GnomAD v2.1  and the 

GWAS catalog, last accessed September 30, 2022. For the GnomAD repository, the 

search was broken down into three steps (1) extraction of variants from the whole 

GnomAD v.2.1.1 dataset; (2) extraction of variants from the GnomAD v.2.1.1 (non-

Cancer) dataset; (3) a substraction of the variants in the GnomAD (non-Cancer) 

dataset from the whole Gnomad dataset to obtained a list of variants from indivuals 

with cancer; this new dataset was called  GnomAD “Cancer”. For the GWAS Catalog, 

only variants in the AHR gene from cancer studies were extracted. Then, the list of 

variants from all repositories was consolidated in a single data file. Duplicate variants 



 

were removed filtering by “Genomic DNA Change” keeping the information about 

which databases contain the variant (Figure 1). Data obtained from cell line studies 

were not included. 

 

 

FIGURE 1. Flow chart showing steps for data consolidation from cancer genomics 

repositories. COSMIC, ICGC, TCGA, GnomAD and the GWAS Catalog. 

 

Functional impact of the variants 

Each genomic database uses different tools to predict the consequences of the 

variants on the protein sequence assigning functional impact scores. COSMIC 

employs FATHMM (Shihab et al. 2013) and the data provided for each variant is a 

score and a qualitative prediction (either “pathogenic”, “neutral” or “benign”). ICGC 

consolidate predictions from Mutation Assessor (Reva, Antipin, & Sander, 2007; 

2011), SIFT (Kumar, Henikoff & Ng, 2009; Vaser et al. 2016) and FATHMM, and 



 

assign the labels “unknown”, “low”, “medium” or “high”. TCGA uses the Ensembl 

Variant Effect Predictor (VEP) (McLaren et al. 2016; Hunt et al. 2021) which displays 

a classification of the severity of the variant consequence corresponding to 

“modifier”, “low”, “moderate” or “high” impact. GnomAD uses two in silico tools: SIFT 

and Polyphen (Adzhubei et al. 2010; Adzhubei, Jordan, & Sunyaev, 2013) and for 

each amino acid substitution an impact score with a qualitative prediction (“probably 

damaging”, “possibly damaging”, “benign” or “unknown”) is provided. Since SIFT and 

PolyPhen only predicts whether an amino acid substitution affects protein function 

(coding non-synonymous variants), and considering that impact score for each 

variant was not available in all repositories, we run the predictors FATHMM and VEP 

manually to predict and analyze the fuctional impact of all variants contained in the 

final dataset.  

To detect variants in AHR with pathogenic potential, the dataset was filtered to 

extract: (1) Variants with VEP predicitions of high and (2) Variants with VEP 

predictions of moderate and pathogenic label by FATHMM.  

 

Data extraction covered from databases included: source, genome position, rs 

number or existing variation, primary site, reference and alternate allele, protein 

change, consequence, impact scores, germline or somatic mutation status and 

population. The frequencies of variants in AHR per cancer study (primary site 

reported by project), by consequence type (according to functional rol) and per 

populations were calculated. AHR variants in the Latin American population were 

examined deeply. Data visualization was performed using InteractiVenn to create 



 

Venn diagrams, (Heberle et al, 2015) and R v.4.0.0 (R Core Team, 2019) over R 

Studio  v.1.3. 1073 (RStudio Team, 2019).   

 

 

Results 

 

Results per repository 

Cancer Data Repositories 

The Catalogue of Somatic Mutations in Cancer-COSMIC 

The Catalogue of Somatic Variants in Cancer (COSMIC) is the largest resource for 

exploring the impact of somatic mutations in human cancer. It has integrated 736 

key cancer genes including 49 tissue type from 1,515,965 samples (latest Census: 

COSMIC v97, Nov 2022). For the purpose, COSMIC database reported 1,301 

genetic variants in the AHR gene in human cancer tissues. Primary Liver malignancy 

was the most common tumor site including 15% of the total number of variants 

followed by Breast (14%) and Pancreas (9%) cancers. This dataset contained mostly 

intronic (73%) and protein coding (20%) variants. Among coding mutations, genetic 

consequences included missense (76%) and synonymous (24%) variants.  

 

The 76% of the variants were classified with modifier impact, 5% with low impact, 

16% as moderate and 3% as high. According to VEP, from the 37 variants of high 

impact, 18% corresponded to Large Intestine cohort studies, followed by 11% 

variants present in Stomach and 10% in Lung cohort analysis. Primary tumors of the 

Endometrium and Kidney reported the lowest number of high impact variants 



 

equivalent to 3% each. In regard to consequence variant type, annotations were 

observed as follows: Stop-gained (59%), Frameshift (24%), Acceptor splice site 

(8%), Missense (3%), Synonymous (3%) and Donor splice site (3%).   

 

A total of 133 additional variants had VEP moderate impact and FATHMM 

pathogenic label and 97% of them corresponded to missense variants. Most 

mutations were observed in Skin (16%), Large Intestine (13%) and Lung (13%) 

cohort studies.  

 

International Cancer Genome Consortium-ICGC 

The International Cancer Genome Consortium (ICGC) data portal contains 

information about 57,905 mutated genes and 21 tumor sites from 24,289 sample 

donors (latest data release 28, Nov 2019). From our search in ICGC  a total of 1,124 

genetic variants in AHR gene were identified amongst 65 worldwide cancer projects. 

Most variants were found in Skin (16%), Liver (15%) and Esophagus (9%) cancers, 

which corresponded to the most common malignancies contributing to 13%, 15% 

and 10% of the total number of cases informed. Variants contained in the database 

mostly included intronic genetic changes (51%), Missense (15%) and Upstream 

(9%) variants, whereas Inframe deletion, Acceptor splice site and Start-lost variants 

were the less (0.27%) represented genetic consequences of the dataset.   

 

With regard to potential effects of genetic variants we assessed in silico their 

functional impact with VEP. Most variants had modifier impact (77%), follow by 5% 

with low (5%) impact, moderate with 15% and high with 3%. Overall, we observed 



 

27 high-impact variants in AHR gene in patients with Bladder (19%), Esophagus 

(11%) and Ovary (11%) cohort studies and at least one pathogenic variant was 

identified in Breast, Colorectal, Kidney, Skin and Uterus projects. About 81% of the 

variants found coincide to Stop-gained genetic consequences and most of them 

have been reported in populations from The United States (63%), China (15%) and 

United Kingdom (11%).  

Among the variants with VEP moderate and FATHMM pathogenic impact, 101 

missense variants (9%) were observed in the dataset. The primary cancer sites with 

a greater number of variants were as follows: Liver (16%), Skin (14%), Lung (12%) 

and Bladder (11%), mostly reported in American (The United States, 69%) and 

Chinese (China, 17%) populations.  

We further explored the entire dataset obtained from ICGC portal and we found 21% 

AHR variants reported in American population, but we only detected 2% genetic 

changes in the Latin American population represented by the Skin cohort study in 

Brazil with 19 cases and 27 variants reported in the project. None of these variants 

in Latin Americans corresponded to a high functional impact in the protein product 

and the most frequent variants observed in this population were chr7:g.17389450-

>T and chr7:g.17375399G>C. 

 

 

 

The Cancer Genome Atlas-TCGA 

The Cancer Genome Atlas (TCGA) is a database covering 22,369 genes and 67 

primary sites from 85,513 cases. For this study, TCGA provided a dataset containing 



 

229 variants in AHR from 28 projects. All studies only included cancer samples. This 

allowed us to identified primary malignancies mainly in Ovary (18%), Bronchus and 

lung (14%), Breast (10%) and Corpus Uterus (10%); Also, Corpus uterus (28%), 

Bronchus and lung (11%), and Bladder (10%) displayed the higher number of 

variants in AHR gene. Analysis of genetic consequences determined 52% missense, 

17% synonymous and 16% 3’ prime UTR variants, whereas the less represented 

genetic changed was splice region with only one variant reported.  

 

Further analysis using VEP, allowed us to detect 26 variants (11%) with a high 

functional impact from the entire dataset. From these, 54% and 46% corresponded 

to Frameshift and Stop-gained variants. Most variants were found in Stomach and 

Bladder cohort studies with 5 and 4 variants. We noticed that only 4 high variants 

(15%) have been reported in White-Hispanic or Latino population, and the most 

frequent variant found was chr7:g.17335775G>C. 

 

Among the variants with VEP MODERATE and FATHMM “PATHOGENIC” impact, 

a total of 71 missense variants were observed in the data. In accordance with primary 

malignancy sites, most variants were reported in Uterus (13 variants – 18.3%), 

Bladder (12 variants – 17%), Bronchus and lung (12 variants – 17%), and Skin (11 

variants – 15.5%). From the entire TCGA dataset we recognized 11 variants in Latin 

American population, where two cases from the Corpus uteri cohort presented the 

higher number of variants in the AHR gene (5 variants – 45.4%). 

 

 



 

Genomic Data Repositories 

GnomAD non-cancer 

The Genome Aggregation Database (GnomAD) v2.1 

(https://gnomad.broadinstitute.org/) has aggregated 3,060 genes, 15,708 whole 

genomes and 125,748 exomes from 195,000 individuals (Gudmundsson et al. 

2021). According to our search, GnomAD (v.2.1.1) database displayed a total of 

4,359 AHR variants. To identify only variants present in cancer patients, we 

performed a second search using the dataset named GnomAD v.2.1.1 Non Cancer, 

which allowed us to detect 4,332 AHR variants. After finding and removing duplicates 

from the two data sets, GnomAD and GnomAD Non Cancer, 29 unique cancer risk 

variants were identified in the data file and all of them corresponded to germline 

variants.   

The dataset containing 29 Cancer variants, mostly included missense (55%) and 

intronic (21%) variants, whereas the genetic consequences less represented 

concerned frameshift (1) and 5’ UTR (1) variants, which represented about 7% of 

the total variants identified. 

 

Annotation and filtering of genomic variants using VEP permitted us to detect 

variants with high and moderate impact, which represented about 59% of all variants 

observed in the dataset. Categorically, only 1 high impact variant was identified and 

corresponded to a Frameshift alteration. Variants in the GnomAD Cancer dataset 

have been reported in European Non Finnish (23 variants – 79%), African (3 variants 

– 10%), South Asian (2 variants – 7%), Latino (1 variant – 3%), Ashkenazi Jewish 

(1 variant – 3% ) and East Asian (1 variant – 3%) populations. From these, the 



 

rs980233827 and rs771303532 were observed in both African and European (Non-

Finnish) populations.  

 

Among the variants with VEP moderate and FATHMM pathogenic impact,  4 

genomic changes were identified corresponding to missense variants, and have 

been informed in Europeans Non Finnish (50%), Hispanics (25%) and South Asian 

(25%) populations. In further analysis considering only Latin American population, 

we detected 1 AHR variant in the entire GnomAD Cancer dataset and corresponded 

to a possibly pathogenic alteration with a moderate and pathogenic functional impact 

according to VEP and FATHMM (rs779613705, missense variant).  

 

Genome-Wide Association Studies (GWAS) Catalog 

The GWAS catalog (https://www.ebi.ac.uk/gwas/) is a collection of all human 

genome-wide association studies containing about 45,000 published GWAS across 

more than 5000 human traits, including cancer (Sollis et al. 2023). Search for 

variants using GWAS catalog allowed us to identify 6 AHR genomic variant studies 

reporting a total of 4 unique variants as follows: chr7:g.16944656C>T, 

chr7:g.17014722T>C, chr7:g.17095084G>A and chr7:g.17203933T>C. All variants 

were intronic with non functional impact of amino-acid substitutions in the protein. 

These variants have been reported in several primary cancer sites (Skin, Lung and 

Blood) in different ancestry populations, European, African American and Hispanics 

(Dataset 1-Supplementary material 1). 

 

 



 

Data integration from repositories 

 

Variants in AHR  and their frequency 

After consolidating the variants identified in the cancer and genomic repositories, 

overall, 7,019 variants in the AHR gene were identified: 1,301 were reported in 

COSMIC, mostly somatic alterations and just a few variants informed as “unknown 

origin”, 1,124 somatic variants in ICGC, 229 somatic variants in TCGA, 4,359 

germline variants in GnomAD, and 6 variants in the GWAS catalog, some reported 

as germline variation and some other as alterations of unknown origin.  

 

From this number 1,628 variants were reported by a sole repository (879 in COSMIC, 

676 in ICGC, 41 in TCGA, 28 in GnomAD “Cancer” and 4 in the GWAS Catalog), 

and 451 were found in at least two databases, for a total of 2,079 variants identified 

in the AHR gene. Among the three cancer repositories COSMIC, ICGC and TCGA, 

without duplicates, 1,596 possibly pathogenic variants in AHR were observed  

(Figure 2). A complete list of variants identified in AHR gene is available in the 

Dataset 1-Supplementary material 1. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2. Distribution of variants in AHR gene. Venn diagram representing the total number of 

variants reported in each database (COSMIC, ICGC, TCGA, GNOMAD “Cancer”) after removing 

duplicates. Additionally, 4 variants were reported in the GWAS catalog (not shown). DOI: 

10.1186/s12859-015-0611-3 

 

The primary sites with the highest number of variants in AHR were Liver (314 

variants – 15%) and Breast (229 variants – 11%) and the less represented were 

Lymph nodes, Thymus, and Testis (Figure 3). 
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Figure 3. Primary sites reported in AHR gene per cancer study. The X axis shows the type of 

cancer in which at least one mutation in AHR was identified, the Y axis indicates the number of 

variants reported for each cancer type. COSMIC shown in indigo reported a total of 1,301 AHR 

variants, ICGC shown in green reported a total of 1,124 alterations and TCGA shown in purple 

reported a total of 230 genomic changes in the gene. 

 

Classification of variants in AHR and their impact 

Variants were grouped according to consequence, intronic variants were the most 

frequent (64.6%) followed by missense (13.3%), 3’ prime UTR (5.1%) and upstream 



 

variants (4.9%). Splice region, inframe deletion or insertion and stop-gained had a 

frequency lower than 2.0% (Figure 4).  

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 4. Distribution of variant consequence. Pie chart showing the percentage distribution of 

each variant consequence reported in the AHR gene from COSMIC, ICGC, TCGA, GnomAD “Cancer” 

and GWAS Catalog repositories. 

 

 

Among the 2,079 variants identified, 64 (3.1%) were predicted to have high impact 

according to VEP, including truncating, insertion and deletion (INDEL) and start lost 

variants (Figure 5). A total of 11 truncating variants, out of the 32 stop-gained 

variants found, occurred in the PAS-A and PAS-B domain and were more frequently 

observed in Brain cancer. In contrast, 13 insertion-deletion variants, out of 27 

frameshift alterations, occurred in the transactivation domain (TAD) and were more 
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frequently observed in Ovary and Colorectal cancer (Figure 5; Table 1). The most 

frequent high-impact variant identified in the dataset was chr7:g.17339390delC 

(Table 1).  

 

 

FIGURE 5. Schematic representation of AHR variant distribution along the gene. The 64 AHR 

variants from patients reported from cancer genomic studies in the COSMIC database, ICGC, TCGA, 

and GnomAD Cancer predicted to have high impact according to VEP. bHLH domain, basic helix 

loop helix domain; PAS-A and PAS-B domain; TAD, Transcription activation domain. 

 

 

Additionally, 155 variants (7.4%) were predicted to have both moderate and 

pathogenic impact by VEP and FATHMM, respectively. The most frequent variants 

found were chr7:g.17378642G>A and chr7:g.17375399G>C (Dataset 2-

Supplementary material 2). The identification of all AHR variants among reported 

genomic repositories is available in Dataset 3-Supplementary material 3. 

 

 



 

Table 1. Variants in AHR with high impact. A total of 64 variants were predicted 

by VEP to have high impact. The variants  identified in the GWAS catalog were 

intronic and do not have high impact on the protein. 

SOURCE 
PRIMARY 

SITE 
GENOMIC DNA CHANGE 

PROTEIN 
CHANGE 

DONORS 
AFFECTED 

SOMATIC OR 
GERMLINE STATUS 

 

ICGC Esophagus chr7:g.17374570_17374571insAA Q323Q? ESAD-UK: 1/409 Somatic variant  

ICGC Ovary chr7:g.17379124_17379125insA E559R? OV-US: 1/426 Somatic variant  

ICGC Kidney chr7:g.17379447_17379448insC Q666H? KIRC-US: 1/361 Somatic variant  

ICGC|COSMIC Skin chr7:g.17382554G>T G805* SKCM-US: 1/466 Somatic variant  

ICGC|TCGA|COSMIC Stomach chr7:g.17379187G>T E580* STAD-US: 1/439 Somatic variant  

ICGC|TCGA|COSMIC Blood chr7:g.17338946C>T Q20* DLBC-US: 1/38 Somatic variant  

ICGC Blood chr7:g.17338891G>A M1I MALY-DE: 1/241 Somatic variant  

ICGC|COSMIC Bladder chr7:g.17379239C>G S597* BLCA-CN: 1/103 Somatic variant  

ICGC Brain chr7:g.17375325C>T R359* PEME-CA: 1/112 Somatic variant  

ICGC|TCGA|COSMIC Bladder chr7:g.17382623C>T Q828* BLCA-US: 1/411 Somatic variant  

ICGC Liver chr7:g.17378674G>T G409* LICA-CN: 1/402 Somatic variant  

ICGC|COSMIC Esophagus chr7:g.17379292G>T E615* ESAD-UK: 1/409 Somatic variant  

ICGC|TCGA Brain chr7:g.17379758C>A S770* GBM-US: 1/388 Somatic variant  

ICGC|COSMIC Colorectal chr7:g.17375267A>T p.? COAD-US: 1/402 Somatic variant  

ICGC|TCGA|COSMIC Stomach chr7:g.17378635C>T R396* STAD-US: 1/439 Somatic variant  

ICGC Liver chr7:g.17369630G>T E169* LICA-CN: 1/402 Somatic variant  

ICGC|COSMIC Breast chr7:g.17378867C>G S473* BRCA-UK: 1/141 Somatic variant  

ICGC|TCGA|COSMIC Bladder chr7:g.17367467C>T Q149* BLCA-US: 1/411 Somatic variant  

ICGC|COSMIC Ovary chr7:g.17378758G>T G437* OV-US: 1/426 Somatic variant  

ICGC|TCGA|COSMIC Uterus chr7:g.17362217G>T E116* UCEC-US: 1/531 Somatic variant  

ICGC|TCGA Bladder chr7:g.17382605C>T Q822* BLCA-US: 1/411 Somatic variant  

ICGC|TCGA|COSMIC Lung chr7:g.17379124G>T E559* LUAD-US: 1/516 Somatic variant  

ICGC|COSMIC Esophagus chr7:g.17379784C>T Q779* ESCA-CN: 1/332 Somatic variant  

ICGC|COSMIC Ovary chr7:g.17375370G>T G374* OV-US: 1/426 Somatic variant  

ICGC|COSMIC 
Gall Bladder| 

chr7:g.17374617C>T R339* BTCA-JP: 1/239 Somatic variant 

 

Colorectal  

ICGC|TCGA|COSMIC Lung chr7:g.17378833C>T Q462* LUAD-US: 1/516 Somatic variant  

ICGC|TCGA Bladder chr7:g.17378911G>T E488* BLCA-US: 1/411 Somatic variant  

TCGA Colorectal chr7:g.17339506delT F562Sfs*17 
TCGA-COAD: 

1/400 
Somatic variant  

TCGA Colorectal chr7:g.17339471delATTT D549Vfs*29 
TCGA-COAD: 

1/400 
Somatic variant  

TCGA Lung chr :g.1    11 delGTTATGCT… C764* TCGA-LUAD: 1/567 Somatic variant  

TCGA Stomach chr7:g.17339119delA N433Mfs*15 TCGA-STAD: 1/440 Somatic variant  

TCGA Stomach chr7:g.17340012delC T731Lfs*6 TCGA-STAD: 1/440 Somatic variant  



 

TCGA Ovary| Brain chr7:g.17339390delC S522Yfs*22 
TCGA-OV: 1/436 | 

Somatic variant 

 

TCGA-GBM: 1/393  

TCGA Cervix uteri chr7:g.17330760delCA T194Wfs*11 
TCGA-CESC: 

1/289 
Somatic variant  

TCGA Kidney chr7:g.17310070delT S68Qfs*10 TCGA-KIRC: 1/336 Somatic variant  

TCGA Stomach chr7:g.17310041_17310042insT Q58Sfs*5 TCGA-STAD: 1/440 Somatic variant  

TCGA Ovary 
chr7:g.17339363_17339364insTTTAC

GAA… 
Q513Hfs*9 TCGA-OV: 1/436 Somatic variant  

TCGA Ovary 
chr7:g.17334057_17334058insAATGA

TCC… 
N284Kfs*16 TCGA-OV: 1/436 Somatic variant  

TCGA Cervix uteri chr7:g.17339689_17339690insA Q623Tfs*26 
TCGA-CESC: 

1/289 
Somatic variant  

TCGA Kidney chr7:g.17339823_17339824insC Q667Pfs*7 TCGA-KIRC: 1/336 Somatic variant  

TCGA 
Head and 

neck 
chr7:g.17322597_17322598insTGAAA

TAC… 
 L118Efs*11 

TCGA-HNSC: 
1/336 

Somatic variant  

TCGA Brain chr7:g.17330075G>T E192* TCGA-GBM: 1/393 Somatic variant  

COSMIC Blood chr7:g.17339252C>G S461* NS Somatic variant  

COSMIC lung chr7:g.17334937C>G S305* NS Unknown origin  

COSMIC oesophagus chr7:g.17339886C>A Y672* NS Somatic variant  

COSMIC Brain chr7:g.17338985G>A p.? NS Somatic variant  

COSMIC Colorectal chr7:g.17339282del F471Sfs*5 NS Somatic variant  

COSMIC ovary chr7:g.17339505dup F546Ifs*5 NS Somatic variant  

COSMIC stomach chr7:g.17330773del Q183Rfs*3 NS Unknown origin  

COSMIC Colorectal chr7:g.17339761C>T Q631* NS Unknown origin  

COSMIC Colorectal chr7:g.17339471_17339474del D534Vfs*28 NS Somatic variant  

COSMIC skin chr7:g.17330755G>A p.? NS Somatic variant  

COSMIC Gall bladder chr7:g.17339596A>T K576* NS Somatic variant  

COSMIC Colorectal chr7:g.17339510del F547Sfs*16 NS Somatic variant  

COSMIC lung chr7:g.17339017C>T R383* NS Somatic variant  

COSMIC Colorectal chr7:g.17335773C>T Q368* NS Unknown origin  

COSMIC Blood chr7:g.17343043del T828Hfs*60 NS Somatic variant  

COSMIC skin chr7:g.17339371C>T Q501* NS Somatic variant  

COSMIC Brain chr7:g.17333936A>T K229* NS Somatic variant  

COSMIC stomach chr7:g.17330773dup Q183Pfs*7 NS Somatic variant  

COSMIC Blood chr7:g.17339177_17339178del L436Qfs*3 NS Somatic variant  

COSMIC NS chr7:g.17310124G>A p.? NS Somatic variant  

COSMIC kidney chr7:g.17309946dup I11Nfs*4 NS Somatic variant  

GnomAD Cancer NS chr7:g.17338921del K14Cfs*5 
GnomAD Exomes: 

1/122002 
Germline variant  

 

Classification of the severity of the variant consequence, based on agreement with VEP. All AHR 

variants assumed to have High impact in the protein, probably causing protein truncation or loss of 

function. The nomenclature used for the variants annotation is as follow: ICGC and GnomAD “Cancer” 

(ENST00000242057) |TCGA and COSMIC (ENST00000642825). ESAD-UK: Esophagus, United 



 

Kingdom; OV-US: Ovary, United States; KIRC-US: Kidney, United States; SKCM-US: Skin, United 

States; STAD-US: Stomach, United States; DLBC-US: Blood, United States; MALY-DE: Blood, 

Germany; BLCA-CN: Bladder, China; PEME-CA: Brain, Canada; BLCA-US: Bladder, United States; 

LICA-CN: Liver, China; GBM-US: Brain, United States; COAD-US: Colorectal, United States; BRCA-

UK: Breast, United Kingdom; UCEC-US: Uterus, United States; LUAD-US: Lung, United States; 

ESCA-CN: Esophagus, China; BTCA-JP: Gall Bladder, Japan; TCGA-COAD: Colorectal; TCGA-

LUAD: Lung; TCGA-STAD: Stomach; TCGA-OV: Ovary; TCGA-CESC: Cervix uteri; TCGA-KIRC: 

Kidney; TCGA-HNSC: Head and neck; TCGA-GBM: Brain; NS: not specified. Data obtained after 

removing duplicates.  

 

 

Variants in AHR per population 

The AHR variants were reported across 14 countries by ICGC, 12 race/ethnicities 

by TCGA and 7 populations by GnomAD. The country, race/ethnicity and population 

with the highest number of variants were: United States (ICGC: 246 variants – 

21.8%), White/Not Hispanic or Latino (TCGA: 124 variants – 54.1%) and European 

Non Finnish (GnomAD Cancer: 23 variants – 79.3%; GnomAD Non Cancer: 2,023 

variants – 46.4%). Also, variants in Black/African American|Not hispanic or Latino 

and African population represented a great number in TCGA (25 variants – 11%) 

and GnomAD (GnomAD Cancer: 3 variants – 10.3%; GnomAD Non Cancer: 1,848 

variants – 42.6%), respectively (Figure 6).  

 



 

 

 

Figure 6. Distribution of variants in the AHR gene by population/country. Percentage of variants 

found in the whole dataset from the genomic repositories after filtering and removing duplicates. 

Populations were classified as it was reported by each database: a. ICGC (Country), b. TCGA (Race 

|ethnicity), c. GnomAD Non-Cancer, d. GnomAD “Cancer” (population).  

 

Variants in Hispanic/Latinos 

From the 2,079 variants, 39 (1.88%) were present in Hispanic/Latinos. In this 

population, the primary sites with the highest number of variants in AHR were Skin 

(27 variants – 69.2%) and Uterus (with 5 variants – 12.8%). The most frequent types 

of variants based on their consequence were intronic (36%) and missense (18%). 

Evaluation of the variant effects with VEP provided functional impact predictions as 

follows: modifier (64%), low (8%), moderate (18%) and high impact (10%) (Table 2). 



 

The highest number of cancer variants reported for this population were found in 

ICGC (27 variants – 2.4%) and TCGA (11 variants – 4.8%).  

 

Table 2. Variants in AHR in individuals with Hispanic ancestry. Variants in 

Hispanic/Latino were reported in ICGC, TCGA, and GNOMAD “Cancer”. 

VEP IMPACT 
VARIANT 

CONSEQUENCE 

FATHMM 
IMPACT 
SCORE 

GENOMIC DNA CHANGE CONSEQUENCE SOURCE 
PRIMARY 

SITE 

SOMATIC OR 
GERMLINE 

STATUS 
 

High 
Pathogenic 
(0.98533) 

chr7:g.17378635C>T Stop gained ICGC|TCGA|COSMIC Stomach Somatic variant  

High (-) chr7:g.17330760delCA 
Frameshift 

variant 
TCGA Cervix Somatic variant  

High (-) 
chr7:g.17339363 

1       insTTTACGAA… 
Frameshift 

variant 
TCGA Ovary Somatic variant  

High (-) 
chr7:g.17339689 

17339690insA 
Frameshift 

variant 
TCGA Cervix Somatic variant  

Moderate 
Benign 

(0.138352) 
chr7:g.17378911G>A Missense variant ICGC|TCGA|COSMIC 

Uterus  
Colorectal  

Kidney 
Somatic variant  

Moderate 
Pathogenic 
(0.89964) 

chr7:g.17375410C>T Missense variant ICGC|TCGA|COSMIC Uterus Somatic variant  

Moderate 
Pathogenic 
(0.98602) 

chr7:g.17379548T>G Missense variant ICGC|TCGA|COSMIC Uterus Somatic variant  

Moderate 
Benign 

(0.080740) 
chr7:g.17379146T>C Missense variant ICGC|TCGA|COSMIC Bladder Somatic variant  

Moderate 
Benign 

(0.189142) 
chr7:g.17378702A>C Missense variant ICGC Skin Somatic variant  

Moderate 
Benign 

(0.158648) 
chr7:g.17309953C>T Missense variant TCGA Uterus Somatic variant  

Moderate 
Pathogenic 
(0.777609) 

chr7:g.17349721A>G Missense variant gnomAD Cancer Unknown Germline variant  

Low 
Benign _high 

conf. 
(0.005716) 

chr7:g.17378709T>C 
synonymous 

variant 
ICGC|COSMIC 

Skin | 
Oesophagus 

Somatic variant  

Low 
Benign _high 

conf. 
(0.009427) 

chr7:g.17378775C>T 
Synonymous 

variant 
ICGC Skin Somatic variant  

Low 
Benign _high 

conf. 
(0.005544) 

chr7:g.17362177A>G 
Synonymous 

variant 
ICGC|TCGA|COSMIC Liver Somatic variant  

Modifier (-) 
chr7:g.17384936 
17384937insCA 

3’ UTR variant ICGC Skin Somatic variant  

Modifier (-) 
chr7:g.17333628 

17333629insGTGTATATATA 
Upstream variant ICGC Skin Somatic variant  

Modifier 
Benign _high 

conf. 
(0.027095) 

chr7:g.17355504C>T Intron variant ICGC|COSMIC 
Skin | 

Prostate 
Somatic variant  

Modifier 
Benign 

(0.076545) 
chr7:g.17386963C>T 

Downstream 
variant 

ICGC Skin Somatic variant  

Modifier 
Benign _high 

conf. 
(0.020072) 

chr7:g.17335100C>T Upstream variant ICGC Skin Somatic variant  

Modifier 
Benign 

(0.078195) 
chr7:g.17349913A>G Intron variant ICGC Skin Somatic variant  



 

Modifier 
Benign 

(0.033750) 
chr7:g.17341796A>G Intron variant ICGC Skin Somatic variant  

Modifier 
Benign _high 

conf. 
(0.024878) 

chr7:g.17335008G>A Upstream variant ICGC Skin Somatic variant  

Modifier 
Benign _high 

conf. 
(0.018374) 

chr7:g.17343044C>T Intron variant ICGC Skin Somatic variant  

Modifier 
Benign 

(0.030214) 
chr7:g.17346291A>G Intron variant ICGC Skin Somatic variant  

Modifier 
Benign 

(0.316295) 
chr7:g.17383097T>G 3’ UTR variant ICGC Skin Somatic variant  

Modifier 
Benign _high 

conf. 
(0.019941) 

chr7:g.17335927G>A Upstream variant ICGC Skin Somatic variant  

Modifier 
Benign _high 

conf. 
(0.026217) 

chr7:g.17338791A>C 5’ UTR variant ICGC Skin Somatic variant  

Modifier 
Benign _high 

conf. 
(0.024781) 

chr7:g.17351919G>A Intron variant ICGC|COSMIC Skin Somatic variant  

Modifier 
Benign 

(0.032964) 
chr7:g.17351558C>T Intron variant ICGC Skin Somatic variant  

Modifier 
Benign 

(0.464348) 
chr7:g.17383211C>A 3’ UTR variant ICGC|TCGA Uterus Somatic variant  

Modifier 
Benign 

(0.038853) 
chr7:g.17380999C>T Intron variant ICGC Skin Somatic variant  

Modifier 
Benign _high 

conf. 
(0.022740) 

chr7:g.17342764G>C Intron variant ICGC Skin Somatic variant  

Modifier 
Benign _high 

conf. 
(0.024030) 

chr7:g.17364148C>T Intron variant ICGC Skin Somatic variant  

Modifier 
Benign _high 

conf. 
(0.023056) 

chr7:g.17384767T>G 3’ UTR variant ICGC Skin Somatic variant  

Modifier 
Benign _high 

conf. 
(0.024928) 

chr7:g.17375868C>T Intron variant ICGC Skin Somatic variant  

Modifier 
Benign 

(0.043372) 
chr7:g.17339301G>A intron variant ICGC Skin Somatic variant  

Modifier 
Benign 

(0.090820) 
chr7:g.17387263C>T 

Downstream 
variant 

ICGC Skin Somatic variant  

Modifier 
Benign _high 

conf. 
(0.017694) 

chr7:g.17368859G>A Intron variant ICGC Skin Somatic variant  

Modifier 
Benign 

(0.036315) 
chr7:g.17359381T>C Intron variant ICGC Skin Somatic variant  

 

Total number of variants identified in Hispanic/Latino Population according to classification of the 

severity of the variant consequence, based on VEP and FATHMM. VEP: high impact variant 

consequence assumed to have a disruptive impact in the protein; moderate impact variant 

consequence corresponds to a non-disruptive variant that might change protein effectiveness; low 

impact variant consequence relates to a variant that is assumed to be mostly harmless or unlikely to 

change protein behaviour; modifier impact variant consequence usually non-coding variants where 

predictions are difficult or there is no evidence of impact (https://www.ensembl.org/Help/Glossary). 



 

 

DISCUSION 

 

 

Recently, there has been renewed interest in the regulatory roles of the AhR in the 

immune system and cancer. Studies have shown that AhR expression is upregulated 

in most tumor cells and is closely associated with tumor proliferation, invasion, 

metastasis, and immune escape (Stockinger et al. 2014; Xue, Fu & Zhou, 2018; Dai 

et al, 2022; Elson & Kolluri, 2023). Interestingly, we identified a higher number of 

variants in AHR in different cancer types such as Liver (15.1%), Breast (11%), Skin 

(10.7%), Esophagus (8.6%), Pancreas (7.5%), Brain (5.9%), Colorectal (5.3%) and 

Bladder (4.5%), and a total of 41 high impact variants (mostly missense and stop-

gained consequences) occurred in these primary sites covering the genomic region 

around exon 7–9 in AhR (Chr7:17372389–17378532). At the protein level, loss of 

exons 8 and 9 results in an aberrant protein coding sequence, with the probably loss 

of amino acids, disrupting the PAS-B domain and the C-terminal part of the ligand-

binding domain of the protein, as well as the HSP90 and XAP2 protein binding 

domains which are predicted to be affected too (Vlaar et al, 2022), leading to the 

activation of AhR pathway independently of ligand binding, which is in line with the 

increased expression of genes targeted by the receptor.  

 

Also, we found a non-synonymous variant (AhR.Q383H) in AHR present in 3 

different types of cancer (Liver, Bladder and Esophagus). According to the literature, 

this variant has been identified as an APOBEC-associated hotspot mutation in 



 

cancer (Shi et al, 2020) which affects the ligand binding affinity and specificity, and 

together with alteration of exon 8 and 9 lead to a constitutively active AhR signaling 

inducing an oncogenic phenotype in the cells, which suggest that aberrant AhR 

signaling may  be an important driver of tumorigenesis (Wang et al, 2020; Vlaar et 

al, 2022) and support the fact that Ah Receptor is chronically activated in many tumor 

types. 

The AhR redox activity has been mainly associated with the detoxification of 

xenobiotics and pollutants (Denison and Nagy, 2003; Johnson et al. 2020) given the 

important role of AhR regulating the expression of a large superfamily of antioxidant 

molecules known as cytochrome p450 proteins (Murray, Patterson and Perdew, 

2014). Exposure to xenobiotics is a significant cause of cancer incidence worldwide 

(Tamási et al, 2011; Wu et al, 2018) and one of the cancer types that has generally 

been correlated with exposure to tobacco-derived carcinogens, excessive alcohol 

consumption, or both, is Head and Neck Cancer (HNC) (Denison and Nagy, 2003; 

Johnson et al. 2020). In particular, Tobacco and tobacco smoke, are rich in polycyclic 

aromatic hydrocarbons and nitrosamines, known as human carcinogens related to 

strongly increased risk of HNC (Johnson et al. 2020). These carcinogens undergo 

metabolic activation, forming reactive metabolites that can cause damage in the 

DNA by creating bulky DNA adducts. Failure in the processes of detoxification and 

excretion of these metabolites may result in the permanent damage of DNA leading 

to the progression of HNC (Johnson et al. 2020). In this context, we identified 19 

variants in AHR reported in HNC, but none of them were reported in Latin American 

population. From these variants, seven may have high impact consequences, and 

from those, 6 variants (86%) occurred in the dimerization domain (bHLH-PAS A 



 

domain), probably affecting the molecular signaling of biotransformation of 

hydrocarbons by CYP enzymes, targeted by the AhR. The aryl hydrocarbon receptor 

(AhR) is a transcription factor that can be activated by xenobiotic ligands. Once 

activated, the AhR forms a heterodimer with the aryl hydrocarbon receptor nuclear 

translocator (ARNT) and binds to the xenobiotic response element (XRE) to regulate 

the expression of downstream genes, including cytochrome P450 family 1 subfamily 

A member 1 (CYP1A1) enzymes that are involved in the correct metabolism of 

xenobiotics. 

 

Here, we identified 2,079 variants in different tumor types reported in three cancer 

genomics data repositories; from this number, 64 (3.1%) variants were predicted to 

have a high impact on the protein function according to the VEP score. The 64 

variants included truncating, INDEL and start lost mutations (Table 1). The INDELs 

located in the bHLH domain, and the frameshift variants and truncating alterations 

occurring in the PAS-A domain might weaken the formation of a stable AHR-ARNT 

heterodimer, which is critical for the activation of the AhR signaling pathway, since it 

recognizes the xenobiotic response elements (XRE) in the promoter of downstream 

genes. Also, the heterodimer AHR-ARNT is important for the ligand-dependent 

transformation of the AhR and the displacement of heat shock protein 90 (Hsp90) in 

the PAS A / B domains (Wu et al. 2013; Schulte et al. 2017). This could be possibly 

due to interaction interfaces in the bHLH as well as the PAS-A domain, where the 

amino acids L50, A79, F82, L122, and the ones found in the present study, L118 

and A121 (rs746848937) have been identified as crucial for the role of the AHR-

ARNT heterodimer for binding to the promoter region of AhR target genes and the 



 

xenobiotic response elements (XRE), and, probably leading to a loss of 

transcriptional activity of the AhR (Swanson, Chan & Bradfield, 1995; Haidar et al. 

2021). Furthermore, most high impact variants in the ligand binding domain - PAS B 

corresponded to stop gained consequence (p.S305*; p.R339*; p.R359*; p.Q368*; 

p.G374*; p.R383*), which results in the production of a truncated protein. The PAS-

B domain not only acts as a sensor of environmental and physiological signals, it 

also provides a binding interface for HSP90, XAP2 and the PAS-B domain of ARNT 

(Dai et al. 2022). However, the AHR-ARNT can stably dimerize without the PAS B 

domain, but truncation or deletion of the PAS-B is predicted to affect the HSP90 and 

XAP2 protein binding domains and leads to constitutively activated AhR signaling 

inducing oncogenic processes in the cell (Vlaar et al. 2022). Additionally, 24 (37.5%) 

high impact alterations were found in the Transactivation Domain (TAD), 

corresponding to 13 frameshift and 11 truncating variants, which could likely 

inactivate this region of the protein. According to the literature, the TAD is required 

for full AhR function suggesting that the Q-rich/PST domain in the C-terminus is a 

crucial component for regulating intracellular trafficking and nuclear accumulation 

after ligand binding (Tkachenko et al. 2016; Haidar et al. 2021). 

 

Thirty-nine AHR variants were identified in Latin American populations, 1 (2.6%) in 

GnomAD Cancer; 24 (61.5%) in ICGC; 4 (10.2%) in TCGA; 1 (2.6%) in ICGC - 

TCGA; 3 (7.7%) in ICGC - COSMIC; 6 (15.4%) in ICGC - TCGA - COSMIC. Seven 

genomic alterations were detected as high impact consequence (Table 2). According 

to the distribution of the these high impact variants in the protein two are located in 

the dimerization domain (bHLH – PAS A: p.Y76C; T194Wfs*11), two in the ligand 



 

binding domain (PAS B: p.T387I; p.R396*) and three in the transcriptional activation 

domain (TAD: p.Q513Hfs*9; p.Q623Tfs*26; p.F700C), thus high impact 

consequences may disrupt interaction of the bHLH – PAS domains leading to 

changes in the function of the protein by producing a constitutively active receptor 

more potent than the intact protein, which will promotes carcinogenesis (McGuire et 

al. 2001; Nan et al. 2011).  

 

According to our findings in COSMIC, ICGC and TCGA databases, variants in AHR 

were reported in 24 cancer types, while in Latin American population AHR variations 

were found in Skin cancer and Uterus. Other malignancies have been studied in this 

population (Colorectal, Kidney, Esophagus, Prostate, Stomach, Liver, Bladder and 

Ovary), but only one AHR variant for each cancer have been informed according to 

our search.  In this context, it is important to highlight, that Latin American 

populations have been underrepresented in most worldwide cancer studies (Popejoy 

& Fullerton, 2016; Landy et al. 2018). As shown in Dataset 2, Brazil was the only 

Latin American cohort in ICGC available for our analysis, and TCGA are biased 

toward the inclusion of White|Not Hispanic or Latino individuals, and other ethnicities 

are underrepresented.  

The variant chr7: g.17375410C>T (rs1246045330) was the most frequent high 

impact variant in the Latin American population (Table 2). It was reported by the 

three cancer genomic repositories (COSMIC, ICGC, TCGA) and the variant was 

found in two patients with Uterus cancer (2/531 donors affected). This variant has 

been reported as uncertain significance in ClinVar 

(https://www.ncbi.nlm.nih.gov/clinvar/RCV002726551/). No publications for 



 

rs1246045330 are available, and it was not possible to identify if an individual could 

be found in more than one repository. 

Finally, due to the differences in the genetic composition of different population, it is 

important to perform screening of AHR genes variants in the Latin American 

populations, since this population may hold specific variants that can increase 

cancer susceptibility (Florio et al. 2020; Petrick et al. 2020; Joko-Fru et al. 2020; 

Sung et al. 2021). Plus, the incidence rates of several primary cancer sites in 

transitioning countries in South America, Africa and Asia has increased during the 

recent years (Florio et al. 2020; Petrick et al. 2020; Joko-Fru et al. 2020; Sung et al. 

2021). 

 

 

CONCLUSIONS 

 

This study compiles genetic variants in AHR that have a high impact on several 

cancer sites reported in White, European, Hispanic, and other populations. ICGC, 

TCGA, and COSMIC repositories have informed variants in AHR for 25 primary sites. 

However, studies reporting AHR variation in the Latin American population are 

limited to 11 cancer sites: Skin, Uterus, Colorectal, Kidney, Esophagus, Prostate, 

Stomach, Liver, Bladder, Cervix, and Ovary. The under representation of Latin 

Americans in cancer and population genomics databases, might be related to the 

small number of variants that we identified for this population (39 out of 2080 

variants), which indicates a necessity of screening AHR mutations in Hispanic 

population.  



 

 

It is possible that individuals from different populations, including admixed 

populations, may possess genetic variation promoting genomic changes in the AhR 

protein function or disruption of the mRNA processing. By identifying genetic risk 

variants, we can gain a better understanding of the role of AHR in cancer and 

develop more effective prevention and treatment strategies in admixed populations.  

 

Recurrent alterations in the AHR gene that impact its DNA binding, dimerization or 

ligand binding domains can result in the constant activation of AhR signaling. This, 

in turn, can lead to elevated oxidative metabolism and the formation of reactive 

oxygen species, ultimately inducing an oncogenic phenotype in cells. Identifying high 

impact variants in this gene could pave the way for targeted therapies for patients 

with AHR activating mutations. However, additional research is necessary to fully 

comprehend the involvement of AHR in cancer. 

 

This study has limitations, information about race or ethnicity was not available for 

all repositories searched and consequently some Latinos may be hidden in those 

studies. No racial/ethnic data for the samples in COSMIC database was accessible.   
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