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Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

Randomization

Blinding

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems

n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Human research participants

Clinical data

Dual use research of concern

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

The raw data of single-cell RNA sequencing generated in this study have been deposited in the European Genome-phenome Archive (EGA) database under
accession code EGAC00001001616. Because all data submitted to the EGA must be subject to controlled access as defined by the original informed consents,
researchers have to propose a scientific hypothesis to require access by contacting Prof. Gangqiao Zhou. The processed gene expression data of single-cell RNA
sequencing is available at the Gene Expression Omnibus (GEO) database under accession code GSE149614. The raw and processed gene expression data of bulk
RNA sequencing is available at the GEO database under accession code GSE168922. The L-R data used in this study are available in the Fantom5 and CellPhoneDB
databases via https://fantom.gsc.riken.jp/5/suppl/Ramilowski_et_al_2015/ and https://www.cellphonedb.org/downloads. Analyzing, visualizing, and downloading
of the single-cell transcriptome data is available at http://omic.tech/scrna-hcc/.

Ten patients with primary and/or metastatic HCC were enrolled and their non-tumor liver (NTL), primary tumor (PT), portal vein tumor
thrombus (PVTT) and metastatic lymph node (MLN) tissues were collected for single-cell RNA sequencing (scRNA-seq) and/or multi-color
immunohistochemistry (IHC) assay. Besides, sixteen additional HCC patients were enrolled and their NTL, PT, PVTT and MLN tissues were used
for flow cytometry analysis and/or multi-color IHC assay.

No data were excluded from the analysis.

For FACS and IHC assays, each experiment was repeated at least five times. For functional assays, each experiment was repeated at least three
times. All these experiments were successful and data were used in the analysis.

This is not relevant to this study for the HCC patients were not divided into groups during recruitment. Biological samples were randomly
allocated into different groups during experiments.

HCC patients were not divided into groups. Investigators were blinded to group allocation during data collection and/or analysis for
experiments other than those involving patients.
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Validation

Anti-CD45 (FACS) BD Biosciences Cat# 560178

Anti-CD68 (FACS) BD Biosciences Cat# 564943

Anti-CD11b (FACS) BD Biosciences Cat# 557701

Anti-MMP9 (FACS) CST Cat# 27647

Anti-TREM2 (FACS) R&D Systems, Cat# FAB17291A

Anti-CD3 (FACS) BD Biosciences Cat# 555342

Anti-CD8 (FACS) BD Biosciences Cat# 564526

Anti-PD-1 (FACS) BD Biosciences Cat# 564323

Anti-CD45RA antibody (IHC) ZSBIO Cat# ZM0053

Anti-CD45RO antibody (IHC) ZSBIO Cat# ZM0055

Anti-CD4 antibody (IHC) Abcam Cat# ab133616

Anti-CD8 antibody (IHC) Abcam Cat# ab17147

Anti-CCR7 antibody (IHC) Abcam Cat# ab1657

Anti-CD20 antibody (IHC) Abcam Cat# ab9475

Anti-ALB antibody (IHC) Proteintech Cat# 16475-1-AP

Anti-MIF antibody (IHC) Abcam Cat# ab55445

Anti-CXCL10 antibody (IHC) Proteintech Cat# 10937-1-AP

Anti-CD68 antibody (IHC) ZSGB-BIO Cat# ZM-0060

Anti-MM9 antibody (IHC) Proteintech Cat# 10375-2-AP

Anti-CD74 antibody (IHC) Abcam Cat# ab9514

Anti-CCR7 antibody (IHC) Proteintech Cat# 55425-1-AP

Anti-CXCR3 antibody (IHC) Proteintech Cat# 60065-1-Ig

All antibodies were validated by the manufacturers for antigen specificity and species reactivity as shown in the data sheets and

attached references for each catalogue number. Antibodies were additionally validated for specificity and sensitivity and titrated in

pre-experiments by using positive and negative control samples. In detail:

7-AAD (FACS) Thermo Fisher Cat# 559925

>https://www.thermofisher.cn/order/catalog/product/00-6993-50?adobe_mc=MCMID%
7C82674438189264299853548014011351050572%7CMCAID%3D307679B7CB6928CF-400016440C77FF5D%7CMCORGID%
3D5B135A0C5370E6B40A490D44%40AdobeOrg%7CTS=1614293705

Anti-CD45 (FACS) BD Biosciences Cat# 560178

>https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/
apc-h7-mouse-anti-human-cd45.560274

Anti-CD68 (FACS) BD Biosciences Cat# 564943

>https://www.bdbiosciences.com/content/dam/bdb/products/global/reagents/flow-cytometry-reagents/research-reagents/single-
color-antibodies-ruo/564943_base/pdf/564943.pdf

Anti-CD11b (FACS) BD Biosciences Cat# 557701

>https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/
bv711-mouse-anti-human-cd11b.742641

Anti-MMP9 (FACS) CST Cat# 27647

>https://www.cellsignal.com/products/antibody-conjugates/mmp-9-d6o3h-xp-rabbit-mab-pe-conjugate/27647

Anti-TREM2 (FACS) R&D Systems, Cat# FAB17291A

>https://www.rndsystems.com/cn/products/human-mouse-trem2-apc-conjugated-antibody-237920_fab17291a

Anti-CD3 (FACS) BD Biosciences Cat# 555342

>https://www.bdbiosciences.com/en-nz/products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/
apc-mouse-anti-human-cd3.555342

Anti-CD8 (FACS) BD Biosciences Cat# 564526

>https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/
bb515-mouse-anti-human-cd8.564526

Anti-PD-1 (FACS) BD Biosciences Cat# 564323

>https://www.bdbiosciences.com/en-nz/products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/
bv421-mouse-anti-human-cd279-pd-1.564323

Anti-CD45RA antibody (IHC) ZSBIO Cat# ZM0053

>http://www.zsbio.com/product/ZM-0053

Anti-CD45RO antibody (IHC) ZSBIO Cat# ZM0055

>http://www.zsbio.com/product/ZM-0055

Anti-CD4 antibody (IHC) Abcam Cat# ab133616

>https://www.abcam.com/cd4-antibody-epr6855-ab133616.html

Anti-CD8 antibody (IHC) Abcam Cat# ab17147

>https://www.abcam.com/cd8-alpha-antibody-c8144b-ab17147.html

Anti-CCR7 antibody (IHC) Abcam Cat# ab1657

>https://www.abcam.com/ccr7-antibody-ab1657.html

Anti-CD20 antibody (IHC) Abcam Cat# ab9475

>https://www.abcam.com/cd20-antibody-l26-ab9475.html

Anti-ALB antibody (IHC) Proteintech Cat# 16475-1-AP

>https://www.ptglab.com/products/ALB-Antibody-16475-1-AP.htm

Anti-MIF antibody (IHC) Abcam Cat# ab55445

>https://www.abcam.com/mif-antibody-2a10-4d3-ab55445.html

Anti-CXCL10 antibody (IHC) Proteintech Cat# 10937-1-AP
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Eukaryotic cell lines
Policy information about cell lines

Cell line source(s)

Authentication

Mycoplasma contamination

Commonly misidentified lines
(See ICLAC register)

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

Confirm that:

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

>https://www.ptglab.com/products/CXCL10-Antibody-10937-1-AP.htm

Anti-CD68 antibody (IHC) ZSGB-BIO Cat# ZM-0060

>http://www.zsbio.com/product/ZM-0060

Anti-MM9 antibody (IHC) Proteintech Cat# 10375-2-AP

>https://www.ptglab.com/products/MMP9-Antibody-10375-2-AP.htm

Anti-CD74 antibody (IHC) Abcam Cat# ab9514

>https://www.abcam.com/cd74-antibody-ln2-ab9514.html

Anti-CCR7 antibody (IHC) Proteintech Cat# 55425-1-AP

>https://www.ptglab.com/products/CCR7-Antibody-55425-1-AP.htm

Anti-CXCR3 antibody (IHC) Proteintech Cat# 60065-1-Ig

>https://www.ptglab.com/products/CXCR3B-Antibody-60065-1-Ig.htm

THP-1 cell line was obtained from China Center for Type Culture Collection (GDC100)

HCCLM3 cell line was obtained from China Center for Type Culture Collection (GDC0289)

Huh7 cell line was obtained from China Center for Type Culture Collection (GDC0134)

HUVEC cell line was obtained from China Center for Type Culture Collection (GDC166)

All cell lines were authenticated by short tandem repeat (STR) analysis at China Center for Type Culture Collection.

All cell lines were tested negative for Mycoplasma contamination.

No commonly misidentified cell lines were used in the study.

Briefly, all the HCC patients were newly diagnosed, pathologically confirmed, and proved not to have other types of cancer.
The diagnosis of HCC was made by either positive histologic findings or an elevated serum !-fetoprotein (AFP) level (# 400
ng/mL) combined with at least one positive image on angiography, sonography, and/or high-resolution contrast computed
tomography. Among the 26 HCC patients, 16 were chronic HBV carriers, who were positive for both hepatitis B surface
antigen (HBsAg) and antibody immunoglobulin G to hepatitis B core antigen (HBcAb) for at least 6 months, and 2 were
chronic HCV carriers, who were positive for hepatitis C antibody (HCV-Ab). Additionally, all the subjects included in this study
were negative for antibodies to hepatitis D virus or human immunodeficiency virus; and had no other types of liver disease,
including autoimmune hepatitis, toxic hepatitis, and primary biliary cirrhosis or Budd-Chiari syndrome. None of the patients
was treated with chemotherapy, radiotherapy or any other anti-tumor medicines prior to tumor resection.

Ten patients with primary and/or metastatic HCC were enrolled between July 2018 and December 2018 at the Chinese PLA
General Hospital (Beijing, China), and their non-tumor liver (NTL), primary tumor (PT), portal vein tumor thrombus (PVTT) and
metastatic lymph node (MLN) tissues were collected for single-cell RNA sequencing (scRNA-seq) and/or multi-color
immunohistochemistry (IHC) assay. Besides, sixteen additional HCC patients were enrolled between September 2019 and
April 2022 from the same hospital, and their NTL, PT, PVTT and MLN tissues were used for flow cytometry analysis and/or
multi-color IHC assay.

This study was approved by the Research and Ethical Committee of Chinese PLA General Hospital (Beijing, China) and Beijing
Institute of Radiation Medicine (Beijing, China).

Following surgical resection, the fresh tissues of PT, NTL, PVTT and MLN were immediately transferred to pre-cooled MACS
Tissue Storage Solution (Miltenyi Biotech, Germany) and were shipped at 4°C. For each sample, ~1 g tissue was used for
dissociation, and the remaining tissue, if any, was fixed in formalin for 48 hours (h) and embedded in paraffin for subsequent




