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Application and prospect of spatiotemporal omics in revealing heterogeneity of hepatocellular carcinoma

LI Wenxin, WEN Wen"
Department of Laboratory Medicine, The Third Affiliated Hospital of Naval Medical University (Second Military Medical
University), Shanghai 200438, China

[ Abstract ]|  Hepatocellular carcinoma is the most common type of primary liver cancer, with high heterogeneity.
The differential gene expression of tumor cells, abnormal distribution of cell subsets, and complex cell interactions in tumor
microenvironment are crucial factors leading to the failure of immune and targeted therapies in some patients. Understanding
the heterogeneity of hepatocellular carcinoma is of great importance when exploring the mechanism of drug resistance and
developing new treatment strategies. Molecular expression profiles could be disclosed by spatiotemporal omics at the tissue
and cellular levels across continuous time and space dimensions. Recently, spatial transcriptome and spatial proteomics, the
representative of spatiotemporal omics technologies, have developed rapidly. They not only reveal the characteristics of tissue
expression profiles while retaining spatial location information, but also uncover the distribution, localization and interaction
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of molecules in cells or tissues, providing a new perspective for analyzing the heterogeneity of tumor microenvironment and

the difference of therapeutic responses in hepatocellular carcinoma. This article reviews the progress on spatiotemporal omics

techniques in revealing the heterogeneity of hepatocellular carcinoma, including the heterogeneity of cell subsets, tumor

microenvironment and therapeutic response.
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Tab 1 Characteristics and limitations of main spatial omics technologies
Category of . Representative . - s
methods Principle method Omics type Characteristic Limitation

Microdissection The cells are located and LCM, DSP, Geo-seq Transcriptome Analyzing Low throughput
isolated under microscope transcriptomic data  and possibility of
using tools such as laser or for specific cells and RNA degradation
microneedle, followed by RNA single-cell resolution during the sample
sequencing processing

FISH The spatial distribution of the =~ smFISH, RNAscope, Transcriptome Localizing specific ~ Difficult to detect
target gene observed through  seqFISH, smHCR genes and single-cell short transcripts,
specifically combination resolution long imaging time,
between nucleic acid probe and and low throughput
target sequence

ISS In situ reverse transcription, STARmap, ISS, Transcriptome Single-cell resolution Low sequencing
amplification, and sequencing BARseq and multiplexed efficiency

capability for
complex samples

Spatial Correlating the expression of 10X Visium, Seq- Transcriptome Single-cell Low detection

barcoding multiple genes with cellular Scope transcriptional and  efficiency and
location using specific spatial spatial information  resolution
barcodes and high throughput

Mass Combining flow cytometry with IMC, MIBI Proteome High signal-to-noise High cost

spectrometry-  mass spectrometry, labeling ratio

based spatial antibodies via heavy metal

proteomics isotopes instead of fluorescent
groups and quantifying the
isotope labels through mass
spectrometry

Spatial protein  The localization of target CODEX, Cell DIVE, Proteome High resolution Limited throughput

technology protein based on specific CyclF and low signal-to-
based on combination between antibodies noise ratio
fluorescence labeled with fluorescent dyes

imaging and the target protein

LCM: Laser capture microdissection; DSP: Digital spatial profiling; Geo-seq: Geographical position sequencing; FISH:
Fluorescence in situ hybridization; smFISH: Single-molecule fluorescence in situ hybridization, RNAscope: RNA single-molecule
cyclic hybridization technology; seqFISH: Sequential fluorescence in situ hybridization; smHCR: Single-molecule hybridization chain
reaction; ISS: /n situ sequencing; STARmap: Spatially-resolved transcript amplicon readout mapping; BARseq: Barcoded anatomy
resolved by sequencing; 10X Visium: 10X Genomics Visium spatial gene expression solution; Seq-Scope: Sequential spatial omics
sequencing platform; IMC: Imaging mass cytometry; MIBI: Multiplexed ion beam imaging; CODEX: Co-detection by indexing; Cell

DIVE: Cell digital imaging versatile environment; CycIF: Cyclic immunofluorescence.
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Tab 2 Key findings on heterogeneity of hepatocellular carcinoma based on spatiotemporal omics
Author Technology Omics type Key finding
Jing, et al®  Mass spectrometry-based Spatial transcriptome, Definition of CAF subgroups that promote hepatocellular

spatial proteomics, 10X
Visium

spatial proteome

Yang, et al”’ IMC Spatial proteome

Wu, etal™ 10X Visium Spatial transcriptome
Li, et al*" IMC Spatial proteome

Wang, et al™’ 10X Visium Spatial transcriptome
Wang, et al™’ 10X Visium Spatial transcriptome
Yang, et al™ 10X Visium Spatial transcriptome
Li, etal*"’ 10X Visium Spatial transcriptome

carcinoma progression

Profiling the multicellular spatial structure of primary and recurrent
hepatocellular carcinomas, and the interaction between PD-L1°*
CD103" dendritic cells, regulatory T cells and exhausted T cells
aggravating immunosuppression and immune escape, which is an
important driver of hepatocellular carcinoma recurrence

Defining PROM1 and CD47 as potential targets for preventing
tumor vascular metastasis and profiling a tertiary lymphoid
structure in primary hepatocellular carcinoma

Profiling single-cell spatial mapping of patients within NASH-
associated hepatocellular carcinoma, and confirming that
interactions between myeloid-derived suppressor cells, tumor-
associated macrophages and effector T cells underlying
immunosuppression in NASH-associated hepatocellular carcinoma

Revealing spatial expression patterns in the immune
microenvironment of hepatocellular carcinoma, and emphasizing
the importance of key molecules such as C-C motif chemokine
ligands 15, 19, and 21 for patient prognostic assessment

Emphasizing the critical role of POSTN" CAF in the immune
response barrier in hepatocellular carcinoma and the potential
benefit of improving immunotherapy response by targeting this
subpopulation

Revealing the significant role of SPINKI1 in predicting
hepatocellular carcinoma drug resistance and identifying it as a
potential therapeutic target for refractory hepatocellular carcinoma

Differences in the immune microenvironment of hepatocellular
carcinoma patients partially explain the differential response to
anti-PD-1 therapy, and targeting TREM2" macrophages potentially
enhances immunotherapy in hepatocellular carcinoma patients

10X Visium: 10X Genomics Visium spatial gene expression solution; CAF: Cancer associated fibroblast; IMC: Imaging mass

cytometry; PD-L1: Programmed death ligand 1; PROMI1: Prominin-1; NASH: Non-alcoholic steatohepatitis; POSTN: Periostin;
SPINK1: Serine peptidase inhibitor Kazal type 1; PD-1: Programmed death 1; TREM2: Triggering receptor expressed on myeloid
cells 2.
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