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Antibodies
Antibodies used

All metagenomics data has been uploaded to the National Center for Biotechnology Information (NCBI) (https://www.ncbi.nlm.nih.gov/), accession code:
PRJNA647523.

Following functional annotation, microbiota function was transformed into the Kyoto Encyclopedia of Genes and Genomes (KEGG) Orthologies (PubMed:16381885]
[DOI:10.1093/nar/gkj102).

The authors declare that data supporting the findings of this study are available within the paper (and its Supplementary Information files).

A total of 90 subjects were recruited in the study; 32 with NAFLD-HCC, 28 with NAFLD-cirrhosis and 30 non-NAFLD control. No formal sample-
size calculation was performed. Rather, our sample size was estimated based on previous publications demonstrating statistical difference in
similar outcome measures (microbial diversity and inflammatory/immune responses) in comparable patient cohorts (Ponziani FR, et al.
Hepatocellular Carcinoma Is Associated With Gut Microbiota Profile and Inflammation in Nonalcoholic Fatty Liver Disease. Hepatology. 2019
Jan;69(1):107-120).

No data was excluded from the analysis.

All samples were measured once as biologically independent samples.

Randomization was not required as this was not a clinical study or clinical trial, but rather subjects were prospectively recruited for the key
purpose of sample collection as required for the described microbiome and immune studies.

Blinding was not required as this was not a clinical study or clinical trial. Rather, patients were recruited for the key purpose of sample
collection and hence knowledge of disease phenotype for sample identification was essential.

Anti-human CD3 (BD Biosciences, #555336, Lot. 7312853), Anti-human CD28 (BD Biosciences, #555725, Lot. 8152601), Anti-human
IL-4 (BD Biosciences #554605, Lot. 8110721), Anti- Annexin V-BV605 (BD Biosciences, #563974, Lot.8282753), Anti- CD3-PE-Cy7 (BD
Biosciences, #563423, Lot. 9079612), Anti- CD4-PerCP¬Cy5.5 (BD Biosciences, #560650, Lot. 4324277), Anti- CD25-BV421 (BD
Biosciences, #562442, Lot. 8331556), Anti-Foxp3-AF488 (BD Biosciences, #560047, Lot. 8157861), Anti- IL-10-PE (BD Biosciences,
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Validation

#559337, Lot. 7118693), Anti- CD8-AP7-H7 (BD Biosciences, #560179, 9108663), Anti- CD45RO-BV711 (BD Biosciences, #563722, Lot.
9009651), Anti- CCR7-PE (BD Biosciences, #560765, Lot. 9025622), Anti- CD14-APC (BD Biosciences, #555399, Lot. 7304714), Anti-
CD11c-PE (BD Biosciences, #555392, Lot.8298946), Anti- HLA-DR-APC-H7 (BD Biosciences, #561358, Lot. 8318843), Anti- CD19-
BB515 (BD Biosciences, #564456, Lot. 8248828), Anti- CD20-BB515 (BD Biosciences, #564568, Lot. 9064592), Anti- T-bet-PE (BD
Biosciences, #561265, Lot. 8142784).

All antibodies used in experiments are commercially available and have been validated by the manufacturer. FACS plots can be found
by accessing the website indicated below. Additionally, all antibodies have been validated for use in lymphocytes as indicated below,
where possible.

Anti-human CD3 (BD Biosciences, #555336, Lot. 7312853), https://www.bdbiosciences.com/anz/applications/research/t-cell-
immunology/th-1-cells/surface-markers/human/purified-nale-mouse-anti-human-cd3-hit3a/p/555336.

Anti-human CD28 (BD Biosciences, #555725, Lot. 8152601), https://www.bdbiosciences.com/anz/applications/research/t-cell-
immunology/regulatory-t-cells/surface-markers/human/purified-nale-mouse-anti-human-cd28-cd282/p/555725.

Anti-human IL-4 (BD Biosciences #554605, Lot. 8110721), https://www.bdbiosciences.com/anz/applications/research/t-cell-
immunology/th-2-cells/immunoassays/elisa/human/recombinant-human-il-4/p/554605.

Anti- Annexin V-BV605 (BD Biosciences, #563974, Lot. 8282753), https://www.bdbiosciences.com/anz/reagents/research/cell-based-
assays/apoptosis/bv605-annexin-v/p/563974, DOI: 10.1016/0022-1759(95)00072-I.

Anti- CD3-PE-Cy7 (BD Biosciences, #563423, Lot. 9079612), https://www.bdbiosciences.com/anz/applications/research/t-cell-
immunology/th-1-cells/surface-markers/human/pe-cy7-mouse-anti-human-cd3-ucht1-also-known-as-ucht-1-ucht-1/p/563423,
http://www.jimmunol.org/content/133/1/129.

Anti- CD4-PerCP¬Cy5.5 (BD Biosciences, #560650, Lot. 4324277), https://www.bdbiosciences.com/anz/applications/research/stem-
cell-research/hematopoietic-stem-cell-markers/human/negative-markers/percp-cy55-mouse-anti-human-cd4-rpa-t4/p/560650.

Anti- CD25-BV421 ( BD Biosciences, #562442, Lot. 8331556), https://www.bdbiosciences.com/anz/applications/research/t-cell-
immunology/regulatory-t-cells/surface-markers/human/bv421-mouse-anti-human-cd25-m-a251/p/562442.

Anti- Foxp3-AF488 (BD Biosciences, #560047, Lot. 8157861), https://www.bdbiosciences.com/anz/applications/research/t-cell-
immunology/regulatory-t-cells/intracellular-markers/cell-signalling-and-transcription-factors/human/alexa-fluor-488-mouse-anti-
human-foxp3-259dc7/p/560047, DOI: 10.1002/eji.200526189.

Anti- IL-10-PE (BD Biosciences, #559337, Lot. 7118693), https://www.bdbiosciences.com/anz/applications/research/b-cell-research/
intracellular-antigens/human/pe-rat-anti-human-and-viral-il-10-jes3-9d7/p/559337.

Anti- CD8-AP7-H7 (BD Biosciences, #560179, 9108663), https://www.bdbiosciences.com/anz/reagents/research/antibodies-buffers/
immunology-reagents/anti-human-antibodies/cell-surface-antigens/apc-h7-mouse-anti-human-cd8-sk1/p/560179, DOI:
10.1007/978-3-642-68857-7_66.

Anti- CD45RO-BV711 (BD Biosciences, #563722, Lot. 9009651), https://www.bdbiosciences.com/anz/applications/research/t-cell-
immunology/regulatory-t-cells/surface-markers/human/bv711-mouse-anti-human-cd45ro-uchl1/p/563722.

Anti- CCR7-PE (BD Biosciences, #560765, Lot. 9025622), https://www.bdbiosciences.com/anz/applications/research/t-cell-
immunology/th-2-cells/surface-markers/human/pe-mouse-anti-human-cd197-ccr7-150503/p/560765, DOI: 10.1074/
jbc.273.12.7118.

Anti- CD14-APC (BD Biosciences, #555399, Lot. 7304714), https://www.bdbiosciences.com/anz/applications/research/stem-cell-
research/hematopoietic-stem-cell-markers/human/negative-markers/apc-mouse-anti-human-cd14-m5e2/p/555399, DOI: 10.1126/
science.1698311.

Anti- CD11c-PE (BD Biosciences, #555392, Lot. 8298946), https://www.bdbiosciences.com/anz/reagents/research/antibodies-
buffers/immunology-reagents/anti-human-antibodies/cell-surface-antigens/pe-mouse-anti-human-cd11c-b-ly6/p/555392

Anti- HLA-DR-APC-H7 (BD Biosciences, #561358, Lot. 8318843), https://www.bdbiosciences.com/anz/applications/research/stem-
cell-research/mesenchymal-stem-cell-markers-bone-marrow/human/negative-markers/apc-h7-mouse-anti-human-hla-dr-g46-6/
p/561358, https://doi.org/10.1084/jem.193.11.1303

Anti- CD19-BB515 (BD Biosciences, #564456, Lot. 8248828), https://www.bdbiosciences.com/anz/applications/research/stem-cell-
research/hematopoietic-stem-cell-markers/human/negative-markers/bb515-mouse-anti-human-cd19-hib19/p/564456.

Anti- CD20-BB515 (BD Biosciences, #564568, Lot. 9064592), https://www.bdbiosciences.com/anz/reagents/research/antibodies-
buffers/immunology-reagents/anti-human-antibodies/cell-surface-antigens/bb515-mouse-anti-human-cd20-2h7/p/564568, DOI:
10.1002/cyto.990140212.

Anti- T-bet-PE (BD Biosciences, #561265, Lot. 8142784), https://www.bdbiosciences.com/anz/applications/research/t-cell-
immunology/th-1-cells/intracellular-markers/cell-signalling-and-transcription-factors/human/pe-mouse-anti-t-bet-4b10/p/561265,
DOI: 10.1016/S0092-8674(00)80702-3.
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Human research participants
Policy information about studies involving human research participants

Population characteristics

Recruitment

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Flow Cytometry

Plots
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The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation

Population characteristics of patients recruited into the study are described in Tables 1 and 2 of the manuscript.

Covariates in Table 1: demographic data (age, gender, BMI), clinical data (transient elastography score, Child Pugh Score,
MELD-Na Score, varices), co morbidity data (type II diabetes, metformin use, essential hypertension, dyslipidaemia, diet) and
biochemical data (ALT, AST, platelet count, albumin, INR).

Covariates in Table 2: tumour number, tumour size, BCLC stage, histology confirming cirrhosis, histology of tumour (grade),
hepatic venous pressure gradient, alpha-fetoprotein (tumour marker) level.

Three groups were consecutively recruited to the study. These were: 1) Subjects with NAFLD (non-alcoholic fatty liver
disease) cirrhosis related hepatocellular carcinoma (NAFLD-HCC) who were undergoing surgical resection; 2) Subjects with
NAFLD related liver cirrhosis (NAFLD-cirrhosis) and 3) non-NAFLD controls.

NAFLD was diagnosed based on the American Association for the Study of Liver Diseases practice guidelines. Liver cirrhosis
was confirmed based on clinical, biochemical, transient elastography, and radiological assessment in the NAFLD-cirrhosis
group; and additionally, confirmed on histology in resection specimens in the NAFLD-HCC group. HCC was diagnosed
according to international guidelines, integrating history, physical examination, biochemistry, and imaging techniques
obtained by multiphasic CT, and/or dynamic contrast-enhanced MRI. Diagnosis of HCC was further confirmed by
histopathological examination of surgical resection specimens. Treatment decisions for HCC were determined in
multidisciplinary meetings, based on international guidelines. For non-NAFLD controls, a detailed medical history was taken
including medications that could lead to steatosis. All participants underwent a physical examination and had routine blood
tests (including liver function tests, serological tests for hepatitis B surface antigen, hepatitis C virus antibody, autoimmune
screen, and iron studies) in addition to a screening liver ultrasound to exclude hepatic steatosis.

For the groups with liver cirrhosis, exclusion criteria included: subjects aged < 18 years; alcohol consumption > 30g daily for
men and > 20g daily for women, other causes of liver cirrhosis (including viral, alcoholic, autoimmune, cholestatic liver
diseases and inherited liver diseases etc); previous clinical or biochemical evidence of hepatic decompensation; any degree of
portal hypertension (based on clinical, radiological and endoscopy or pre-operative hepatic venous pressure gradient
(HVPG)); other primary liver cancers (e.g. mixed hepatocellular carcinoma and cholangiocarcinoma); probiotic or antibiotic
administration (per oral or intravenous) in the 3 months prior to recruitment; known gastrointestinal disease; previous
gastrointestinal surgery; regular proton-pump inhibitor or lactulose therapy. For non-NAFLD controls, exclusion criteria
included: subjects aged < 18 years; alcohol consumption 30g daily for men and 20g daily for women, known history of liver
disease (including viral, alcoholic, autoimmune, cholestatic liver diseases and inherited liver diseases), liver ultrasound
demonstrating hepatic steatosis, known gastrointestinal disease, previous gastrointestinal surgery, regular proton-pump
inhibitor, lactulose therapy or antibiotic/probiotic administration (per oral or intravenous) in the 3 months prior to
recruitment.

Although selection bias is possible in this study; the population characteristics of our cohort are representative of the
Australian population with NAFLD-cirrhosis and NAFLD-HCC. (Mahady, S. E., and Adams, L. A. (2018) Burden of nonalcoholic
fatty liver disease in Australia. Journal of Gastroenterology and Hepatology, 33: 1– 11. doi: 10.1111/jgh.14270)

The study was approved by Sydney Local Health District Human Research Ethics Committee (HREC), Sydney Local Health
District (SLHD), NSW Health with local governance approval (HREC/16/RPAH/701; SSA18/G/058). Informed consent was
obtained from all study participants.

Peripheral blood mononuclear cells (PBMCs) were isolated from non-NAFLD control participants. Following blood sample
collection, 10 mL of whole blood was centrifuged at 700 xg for 10 min. Plasma was removed, and PBS added to volume of 30
mL. Next, 15mL of Ficoll® solution (Merck, #26873-85-8) was gently underlayed with a mixing cannula, and centrifuged at 700
xg for 25 min at room temperature. PBMCs were harvested from the Ficoll® separation layer; cell count and viability were
assessed with light microscopy using 20 uL of PBMC sample mixed with 20 uL of 0.4% trypan blue solution (ThermoFisher,
#15250061). PBMCs were resuspended in 10% DMSO in RPMI media supplemented with autologous plasma and stored in
liquid nitrogen for downstream experiments. PBMCs were seeded in flat-bottom culture plates (106 cells/mL) and incubated
with RPMI media supplemented with 10% FBS and 1% penicillin/streptomycin (Life technologies, #15140122) and 1%
glutamine (Life Technologies, #35050061). For human Treg differentiation, PBMCs were stimulated with anti-human CD3 (0.3




