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Liver cancer is known to have significant degree of intra-
tumoral heterogeneity (ITH) (1). Hepatocellular carcinoma
(HCC) and intrahepatic cholangiocarcinoma (ICC) are
major forms of primary liver cancer, accounting for >95%
of cases. I'TH is linked, as least in part, to the aggressiveness
and refractoriness of liver cancer, rendering its high
lethality among human malignancies (2). The complex
tumor microenvironment promotes tumor progression
and contributes to poor treatment response. Hence, it is
vital to address the biological mechanisms underlying liver
cancer progression and treatment response analyzing the
cells in high resolution rather than the mixture of many
cell types. Recent advances in single-cell RNA sequencing
(scRNA-seq) provide an avenue to dissect liver cancer in an
unprecedented degree of high resolution to characterize the
underlying pathogenesis and heterogeneity.

There exist lines of evidence suggesting the involvement
of malignant and immune components, as well as their
crosstalk in liver cancer. With the emergence of scRINA-seq
technologies, HCC and ICC have been investigated using
scRNA-seq, with generation of abundant highly useful data.
Immune cells, stromal cells and malignant cells are the
main constituent elements of HCC and ICC. Among them,
the immune cells are regarded as the major contributors
to resistance to anti-tumor therapies and tumor clearance.
Nonetheless, through the course of tumor progression,
the cancer cells could acquire some unique molecular
characteristics to enable their effective evasion from the
immune surveillance during tumor initiation, and sustain
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the tumor development at subsequent stages (3). On
the other hand, the anti-cancer immunity may acquire
transformation, upon the action of specific key genes or
signaling pathways, to become tolerant or even supportive
to cancer development (4). Recent studies have revealed
that HCC immune ecosystem involves myeloid-derived
(dendric cells and tumor-associated macrophages), and
lymphocyte-derived (T cells, B cells, plasma cells, and NK
cells) components (5-8), as characterized by the expression
of the canonical cell type markers.

ITH or biodiversity of liver cancer has been
investigated in the perspectives of cancer stem cells (9) and
microenvironmental reprogramming (7). Along this axis, Ma
et al. have advanced their study and recently published their
single-cell atlas on HCC and ICC. They reported the tumor
cell evolution and the molecular landscape in response to
immunotherapy (10). In the study, the authors analyzed
46 HCC and ICC biopsies from 37 patients, in which 16
biopsies were collected before and after immunotherapy
from 7 patients. They profiled the transcriptome of 56,721
single cells. Consistent with their and our previous studies
(7,8), among the 17,164 malignant cells identified, these
cells could be stratified into patient-specific clusters,
indicating the prominent inter-patient difference on
the malignant component. Notably, using hierarchical
clustering algorithm, they searched for similarities among
malignant cells of tumors and defined 3 major classes of
tumors (BI-A, BI-B and BI-C). BI-A tumors were from
HCC cases, while the remaining were either HCC or
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ICC. On the other hand, supportive to the hierarchical
clustering results, there was consistent intra-tumoral lineage
architecture as revealed by different algorithms. The gene
SPP1 (encoding osteopontin) was determined to be a
conserved gene in BI-B and BI-C tumors, with elevated
expression in the tumor cells and ubiquitous enrichment
at branch level. Clonality-high tumors (BI-B and BI-C;
with higher numbers of cell clusters within tumors) were
suggested to be more diverse and aggressive and resulted in
poorer survival of patients. Mechanistically, BI-B and BI-C
tumors were enriched in pathways related to epithelial-
mesenchymal transition, hypoxia, TNF-a signaling and
glycolysis. The data collectively suggests the implication of
tumor functional clonality in patients’ prognostication.

They also examined the non-malignant components and
identified different transcriptomic profiles between BI-A
and BI-B/C tumors, indicating putative reprogramming of
non-malignant cells by malignant cells. Importantly, there
was polarization of T cell subtypes between the BI-A and
BI-B/C tumors, accompanied by substantially stronger
ligand-receptor interaction between malignant cells and T
cells in BI-B/C tumors than in BI-A ones. SPP1-CD44 was
the key interaction pair between malignant cells and T cells,
and this further illustrated the functional role of SPP1 in
the tumor ecosystem. Moreover, such polarization pattern
could also be observed in other non-malignant cell types,
indicating a likely holistic clonal evolution of the tumor
microenvironment.

Cellular and molecular landscapes of HCC tumor are
likely to be highly dynamic, in response to and exerted
by the treatment. By analyzing 4 cases with biopsies,
each having sequenced at least 15 malignant cells before
and after immunotherapy, they identified 2 cases having
obvious stratification of malignant cell lineages after
treatment, while the remaining ones displayed admixed
pattern. The authors made collective use of the functional
clonality, degree of genomic similarity in paired biopsies,
and SPP1 expression level to explain the responsiveness of
immunotherapy, although they also admitted the limitation
of a small sample size with relatively few cell counts on
individual cases. Indeed, the findings of their study may
provide plausible clues in explaining immunotherapy
outcome. However, further studies with larger sample sizes
are very much awaited.

Taken altogether, Ma et 4/. have beautifully revisited the
topic of I'TH or biodiversity using scRNA-seq technology.
While there were previous reports by other groups
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suggesting the important roles of SPP1 in human cancers
including HCC and the crosstalk between SPP1 and CD44
in immune evasion (11-14), of note, this study linked SPP1
expression as potential biomarker in defining subtypes of liver
cancer having poorer clinical phenotypes. Compared to the
previous report of scRNA-seq study by the same group (7),
its major finding of the current report hinges upon the
identification of determinants that may govern response to
immunotherapy. In the coming future, further translational
efforts and clinical reports should be focused on finding the
determinants on response to immunotherapy in liver cancer.
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