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Background: The increasing prevalence of Metabolic Dysfunction-Associated Steatotic Liver Disease 

(MASLD) is a rapidly increasing global health burden, associated with lifestyle factors (e.g. diet), 

obesity and cardiometabolic disease.  MASLD affects ∼30% of the global population and will rise to 

~50% by 2040. However, the specific mechanisms linking MASLD to diet and obesity remain unclear. 

Whilst BMI is a strong predictor of MASLD, specific dietary and other environmental factors, and 

distinct genetic mechanisms, are important factors in MASLD susceptibility. Importantly, MASLD is a 

key risk factor for the development of Metabolic dysfunction-Associated Steatohepatitis (MASH), 

which eventually leads to liver failure and potentially the development of hepatocarcinoma.  

In humans, specific mechanisms have evolved to adapt humans to exposure to environmental and 

dietary ‘stresses’. One evolutionarily ancient mechanism, conserved from bacteria to eukaryotes, is 

the ability to detoxify inorganic arsenic. Inorganic arsenic (iAs) is a globally important environmental 

redox stress, as many regions of the world have high levels of iAs in drinking water, and many staple 

foods, particularly those cultivated in ground-derived water, such as rice, can be high in iAs. High 

levels of iAs exert toxic effects on cells via redox reactions with critical signalling nodes such as the 

thioredoxin-glutathione systems and redox modification of -SH groups in proteins. iAs is detoxified by 

methylation, generating methylAs compounds that are excreted and do not accumulate in tissues. 

The key iAs methylating enzyme in humans is arsenic 3-methyl transferase (AS3MT), with close 

homology across all mammals. 

Independently of its known role in detoxification of iAs, we discovered that As3mt is a highly 

differentially-expressed gene in screens of altered redox regulation (1, 2), raising the possibility that 

AS3MT may have a more general roles in redox signalling. Furthermore, we found that in As3mt 

knockout mice, high fat/high sugar feeding to induce obesity leads to a modest increase in body 

weight gain and impaired glucose intolerance, but a massive difference in the development of fatty 

liver (Figure, below).  Work by our collaborator reveals that As3mt KO mice have significant 

differences in plasma and urinary metabolomic, lipidomic and carbohydrate metabolic profiles (e.g 

differences in phosphatidylcholines, cytidine, acyl-carnitine, hippuric acid, acetylglycine, urea, L-

sorbose, galactonic acid, gluconic acid). Some of the differentially altered metabolites are related to 

the function of other methyltransferases, independent of iAs treatment, indicating that As3mt may 

be involved in other cellular processes, beyond iAs methylation (3). However, the relevance of these 

findings in mouse models to human MASLD pathogenesis remains unclear. 
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Thus, exposure to iAs, the ability to detoxify iAs and other related redox stresses, and the specific 

role of AS3MT, are exemplar systems to understand metabolic pathways contributing to the 

development of MASLD. Given the global importance of low-level environmental redox stresses in 

populations consuming drinking water or foodstuffs with iAs or other contaminants, understanding 

these pathways may open up major new opportunities for intervening in MASLD or MASH. 

Common inherited genetic variation in the 10q24.32 region (containing AS3MT, including SNPs 

rs9527 and rs11191527) is associated with altered responses to iAs exposure – both in terms of 

biochemical markers of iAs methylation, and susceptibility to iAs effects, in studies in some 

populations exposed to high iAS (e.g. Bangladesh, South Amercia), but require more systematic 

validation in larger population groups that are relevant to the global burden of MASLD. Nevertheless, 

these findings highlight the potential to use genetic instruments to test the causal role of AS3MT in 

human disease, using experimental medicine studies of selected genotyped individuals, and in 

Mendelian randomization studies of large cohorts. 

We Hypothesise that AS3MT in liver is protective in the development of MASLD, driven by non-

canonical redox- and methylation-dependent processes that are currently under-recognised as causal 

pathways in MASLD. We propose that metabolomic and transcriptional profiling of AS3MT-deficient 

hepatocytes will identify new unknown drivers and/or effectors of redox causal pathways in MASLD, 

that can be triaged and validated by human genetic studies. 

In Aim 1, we will test the requirement for AS3MT in human hepatocytes exposed to MASLD-related 

stimuli such as lipids/fatty acids, high glucose and inflammatory cytokines. Comparison with high iAs 

will be used to determine the relative importance of iAs-dependent vs. independent effects, 

measuring iAs levels and methylated-As species via our collaborators (4). We will use human 

hepatocyte culture models that are well-established in previous Novo Nordisk-Oxford projects (5), 

knocking down AS3MT using siRNA. We will determine the effects of AS3MT knockdown on 

hepatocyte transcriptomic profile, lipidomic and metabolomic responses. 

In Aim 2, we will collaborate with the Computational Precision Health department and the Genetics 

Centre of Excellence (CoE) at Novo Nordisk to explore the causal relationships between AS3MT and 

MASLD or MASH. Since liver conditions are largely under-diagnosed, we will use derived phenotypes 

for liver diseases as surrogates, such as cirrhosis and liver enzymes.  We will use genetic and liver 

transcriptomic data from GTEx, and proteomic data from STARNET (6), to identify genetic proxies for 

AS3MT activity and effects. These genetic instruments will then be leveraged in genome-wide 

association studies (GWAS) of environmental arsenic exposure in drinking water (7), as well as liver 

conditions and functions, including MASLD, MASH (using in-house GWAS data from Novo Nordisk), 

cirrhosis (6), chronic elevation of ALT (8), and other liver enzymes from UK Biobank, FinnGen, and 

Japan Biobank, to infer causal relationships through Mendelian randomization and genetic 

colocalization (statistical genetics pipelines developed in the Genetics CoE at Novo Nordisk). The 

Figure: As3mt deletion exacerbates 

fatty liver in high fat, high sugar (HFHS) 

fed mice. Wild type (WT) and As3mt 

knockout (KO) mice were fed either 

chow or HFHS diet for 16 weeks. Livers 

were harvested and tissue sections were 

stained with Oil Red O to visualise lipid 

content (left panel), and quantified from 

n=12 animals in each group (right panel; 

* denotes p<0.05) 
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variants with a shared association between AS3MT gene expression/protein and cardiometabolic 

diseases/traits will be prioritised in Aim 3. We will explore other real world evidence to investigate 

associations between levels of Arsenic in drinking water (as mandated by the WHO) and regional 

diagnoses of MASLD or MASH. We will apply Data Fusion approaches to link publicly available data 

on local area level arsenic exposure in drinking water to geographical information in large cohort 

data (e.g., UK Biobank) to explore potential effects of population level arsenic on disease incidence. 

Analyses will explore associations between diagnostic codes of arsenic exposure (ICD 10 Z77.010) 

and subsequent MASLD or MASH, in large, routinely collected electronic health records (e.g, CPRD).  

In Aim 3, we will investigate, in vivo, in humans how AS3MT genetic variants alter the hepatic and 

systemic metabolic responses during a switch in metabolic state.  Using the Oxford Biobank, we will 

identify participants with specific AS3MT haplotypes, inviting those homozygous for the variant 

AS3MT alleles known to alter AS3MT expression and/or activity, compared with age, sex and BMI-

matched controls. Data from previous studies indicate a variant allele frequency of ~16% (e.g. for 

rs9527), giving a homozygote frequency of ~2.6%, i.e. 260 individuals in the Oxford Biobank of ~10 

000 participants. The effect size of the rs9527 variant allele is 1.8 sds for %iAs and 2.0 sds for 

%methylAs levels, enabling adequate power to detect functional consequences in groups of 15 

people with variant AS3MT genotype vs. common allele control subjects. Moreover, in collaboration 

with the Genetics CoE, we will explore the effects of AS3MT mutations on a spectrum of human 

metabolic conditions and diseases using large-scale biobanks and multi-omics data. 

We will measure metabolic  readouts of liver metabolism and function in the fasting and postprandial 

state using techniques that are well-established in our groups, and in previous NNRCO-Oxford 

collaborative projects (6, 7, 8). Briefly, liver fat content will be assessed by magnetic resonance 

spectroscopy (MRS) at OCMR, and stable-isotope tracers will be used to assess hepatic de novo 

lipogenesis (DNL) in the fasting and postprandial states. Participants will be fed a mixed-test meal 

containing a 13C-labelled fatty acid, and the appearance of 13C will be measured in markers of 

esterification and FA oxidation pathways (9). Blood and breath samples will be collected regularly 

over a 6 h period for measurement of relevant biochemical parameters. 

Supervisor’s recent relevant publications 

1: Westcott FA, Nagarajan SR, Parry SA, Savic D, Green CJ, Marjot T, Johnson E, Cornfield T, Mózes FE, 
O'Rourke P, Mendall J, Dearlove D, Fielding B, Smith K, Tomlinson JW, Hodson L. Dissociation between liver fat 
content and fasting metabolic markers of selective hepatic insulin resistance in humans. Eur J Endocrinol. 2024 
Sep 30;191(4):463-472. doi:10.1093/ejendo/lvae123. PMID: 39353069; PMCID: PMC11497584. 
 

2: Cuozzo F, Viloria K, Shilleh AH, Nasteska D, Frazer-Morris C, Tong J, Jiao Z, Boufersaoui A, Marzullo B, 
Rosoff DB, Smith HR, Bonner C, Kerr-Conte J, Pattou F, Nano R, Piemonti L, Johnson PRV, Spiers R, Roberts J, 
Lavery GG, Clark A, Ceresa CDL, Ray DW, Hodson L, Davies AP, Rutter GA, Oshima M, Scharfmann R, Merrins 
MJ, Akerman I, Tennant DA, Ludwig C, Hodson DJ. LDHB contributes to the regulation of lactate levels and basal 
insulin secretion in human pancreatic β cells. Cell Rep. 2024 Apr 23;43(4):114047. 
doi:10.1016/j.celrep.2024.114047. Epub 2024 Apr 11. PMID: 38607916; PMCID: PMC11164428. 
 

3: Luukkonen PK, Porthan K, Ahlholm N, Rosqvist F, Dufour S, Zhang XM, Lehtimäki TE, Seppänen W, Orho-
Melander M, Hodson L, Petersen KF, Shulman GI, Yki-Järvinen H. The PNPLA3 I148M variant increases 
ketogenesis and decreases 32 hepatic de novo lipogenesis and mitochondrial function in humans. Cell Metab. 
2023 Nov 7;35(11):1887-1896.e5. doi: 10.1016/j.cmet.2023.10.008. Epub 2023 Oct 30. PMID: 37909034. 
 

4: Westcott F, Dearlove DJ, Hodson L. Hepatic fatty acid and glucose handling in metabolic disease: Potential 
impact on cardiovascular disease risk. Atherosclerosis. 2024 Jul;394:117237. doi: 
10.1016/j.atherosclerosis.2023.117237. Epub 2023 Aug 11. PMID: 37633797.  
 

5: Lewis LC, Chen L, Hameed LS, Kitchen RR, Maroteau C, Nagarajan SR, Norlin J, Daly CE, Szczerbinska I, 
Hjuler ST, Patel R, Livingstone EJ, Durrant TN, Wondimu E, BasuRay S, Chandran A, Lee WH, Hu S, Gilboa B, 
Grandi ME, Toledo EM, Erikat AHA, Hodson L, Haynes WG, Pursell NW, Coppieters K, Fleckner J, Howson 

https://pubmed.ncbi.nlm.nih.gov/37088121/
https://pubmed.ncbi.nlm.nih.gov/39353069/
https://pubmed.ncbi.nlm.nih.gov/35038311/
https://pubmed.ncbi.nlm.nih.gov/27207513/


 
JMM, Andersen B, Ruby MA. Hepatocyte mARC1 promotes fatty liver disease. JHEP Rep. 2023 Feb 
3;5(5):100693. doi: 10.1016/j.jhepr.2023.100693. PMID: 37122688; PMCID: PMC10133763. 
 

6: Dickinson Y, Boehni R, Obeid R, Knapp JP, Moser R, Lewandowski AJ, Douglas G, Leeson P, Channon KM, 
Chuaiphichai S. Novel Role of 5-Methyl-(6S)-Tetrahydrofolate in Mediating Endothelial Cell Tetrahydrobiopterin in 
Pregnancy and Implications for Gestational Hypertension. Hypertension. 2024 Sep;81(9):1910-1923. doi: 
10.1161/HYPERTENSIONAHA.124.22838. Epub 2024 Jul 23. PMID: 39041246; PMCID: PMC11319083. 
 

7: Purvis GSD, McNeill E, Wright B, Channon KM, Greaves DR. Ly6Chi Monocytes Are Metabolically 
Reprogrammed in the Blood during Inflammatory Stimulation and Require Intact OxPhos for Chemotaxis and 
Monocyte to Macrophage Differentiation. Cells. 2024 May 26;13(11):916. doi: 10.3390/cells13110916. PMID: 
38891050; PMCID: PMC11171939. 
 

8: Purvis GSD, Collino M, van Dam AD, Einaudi G, Ng Y, Shanmuganathan M, Patel SY, Thiemermann C, 
Channon KM, Greaves DR; Oxford Acute Myocardial Infarction (OxAMI) Study. OxPhos in adipose tissue 
macrophages regulated by BTK enhances their M2-like phenotype and confers a systemic immunometabolic 
benefit in obesity. Diabetes. 2024 Jan 8:db220275. doi: 10.2337/db22-0275. Epub ahead of print. PMID: 
38193882. 
 

9: Chu SM, Heather LC, Chuaiphichai S, Nicol T, Wright B, Miossec M, Bendall JK, Douglas G, Crabtree MJ, 
Channon KM. Cardiomyocyte tetrahydrobiopterin synthesis regulates fatty acid metabolism and susceptibility to 
ischaemia-reperfusion injury. Exp Physiol. 2023 Jun;108(6):874-890. doi: 10.1113/EP090795. Epub 2023 May 15. 
PMID: 37184360; PMCID: PMC10988529. 
 

10: Cronin SJF, Rao S, Tejada MA, Turnes BL, Licht-Mayer S, Omura T, Brenneis C, Jacobs E, Barrett L, 
Latremoliere A, Andrews N, Channon KM, Latini A, Arvanites AC, Davidow LS, Costigan M, Rubin LL, Penninger 
JM, Woolf CJ. Phenotypic drug screen uncovers the metabolic GCH1/BH4 pathway as key regulator of 
EGFR/KRAS- mediated neuropathic pain and lung cancer. Sci Transl Med. 2022 Aug 31;14(660):eabj1531. doi: 
10.1126/scitranslmed.abj1531. Epub 2022 Aug 31. PMID: 36044597; PMCID: PMC9985140. 
 
11: Caratti G, Stifel U, Caratti B, Jamil AJM, Chung KJ, Kiehntopf M, Gräler MH, Blüher M, Rauch A, Tuckermann 
JP. Glucocorticoid activation of anti-inflammatory macrophages protects against insulin resistance. Nat Commun. 
2023 Apr 20;14(1):2271. doi: 10.1038/s41467-023-37831-z. PMID: 37080971; PMCID: PMC10119112. 
 

12: Caratti G, Desgeorges T, Juban G, Stifel U, Fessard A, Koenen M, Caratti B, Théret M, Skurk C, Chazaud B, 
Tuckermann JP, Mounier R. Macrophagic AMPKα1 orchestrates regenerative inflammation induced by  
lucocorticoids. EMBO Rep. 2023 Feb 6;24(2):e55363. doi: 10.15252/embr.202255363. Epub 2022 Dec 15. PMID: 
36520372; PMCID: PMC9900347. 
 

13: Stifel U, Wolfschmitt EM, Vogt J, Wachter U, Vettorazzi S, Tews D, Hogg M, Zink F, Koll NM, Winning S, 
Mounier R, Chazaud B, Radermacher P, Fischer- Posovszky P, Caratti G, Tuckermann J. Glucocorticoids 
coordinate macrophage metabolism through the regulation of the tricarboxylic acid cycle. Mol Metab. 2022 
Mar;57:101424. doi: 10.1016/j.molmet.2021.101424. Epub 2021 Dec 22. PMID: 34954109; PMCID: 
PMC8783148. 
 

14: Caratti G, Poolman T, Hurst RJ, Ince L, Knight A, Krakowiak K, Durrington HJ, Gibbs J, Else KJ, Matthews 
LC, Ray DW. Caveolin1 interacts with the glucocorticoid receptor in the lung but is dispensable for its anti-
inflammatory actions in lung inflammation and Trichuris Muris infection. Sci Rep. 2019 Jun 12;9(1):8581. doi: 
10.1038/s41598-019-44963-0. PMID: 31189975; PMCID: PMC6562044. 
 

 

 


