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Identification of molecular transition of hepatocellular carcinoma:
a novel method to predict the initiation of metastasis
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Although the most frequently diagnosed cancers and the
leading cause of cancer-related deaths vary across the
country, hepatocellular carcinoma (HCC) is one of the
major cancers and the fourth-leading cause of cancer-related
deaths globally following lung, colorectal, and stomach
cancers (1). As the majority of liver cancers are associated
with hepatitis viruses, alcoholic abuse, and metabolic
syndrome leading to nonalcoholic steatohepatitis, a careful
check-up of high-risk patients is useful for early diagnosis.
However, the strategy of the check-up is under development
and the high mortality rate of liver cancer results from
the late diagnosis of advanced stages, recurrence after
surgical resection, and high incidence of both intrahepatic
and extrahepatic tumor metastases (2,3). Extrahepatic
metastasis reportedly occurs in 13.5-42% of patients with
HCC (4,5), and their prognosis is poor, with less than
1 year of survival time (6-8). Extrahepatic metastatic lesion
sites include the lungs, bone, lymph node, adrenal grand,
peritoneum, diaphragm, pancreas, skin, brain, muscle, and
spinal cord (4,8,9). The most common site of metastasis
is the lung (10). Metastasis is a nonlinear (i.e., generally
irreversible) and dynamic process that involves cancer cell
motility, intravasation, transit in the blood or lymph node,
extravasation, and development at a new site (11). Because
of the poor prognoses of these patients and the adverse
effects on the patients’ quality of life, the development of a
standard therapeutic strategy and a marker for predicting
the tipping point is essential for preventing the initiation of
metastasis in the earlier stage.

For the primary lesion and intrahepatic metastatic
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lesions, surgical treatment, ablation, and embolization could
be the options, considering the hepatic reserve function (12).
For extrahepatic lesions, surgical removal, systemic
chemotherapy including molecular targeting agents (13-17)
and possibly immune checkpoint inhibitor, and radiation (9)
are considered as therapeutic options. However, for
intrahepatic lesions, performance status and hepatic reserve
function are the key parameters to be considered. From this
standpoint of view, the development of novel therapeutic
options for metastatic lesions is essential; at the same time,
the predictor of the metastasis, which is the marker by
which we can identify the tipping point of primary or tumor
cells to metastasize, needs to be developed for preventing
the metastasis or for diagnosing it in the earlier phase.
Various tumor-related genes, including oncogenes and
tumor suppressor genes, show the alteration of expression
leading to the gain or loss of function. These changes affect
the sequential stages of tumor cell invasion, organ tropism,
and growth at a distant site via the signaling networks
or pathways where these genes are involved (18). These
signaling pathways include the insulin-like growth factor,
mitogen-activated protein kinase, phosphatidylinositol-3
kinase/Akt/mammalian target of rapamycin, and
Wnt/B-catenin pathways (19).

Traditional biomarkers are also reportedly ineffective in
detecting the difference in molecular pathology between
nonmetastatic and premetastatic states; however, recent
developments in omics technologies has contributed to
investigating this tipping point from the perspectives
of both network and dynamics (20-23). Yang et /. have
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recently reported the effect of the dynamic network
biomarker (DNB) method in developing a new biomarker
for identifying the tipping point of HCC to metastasize (24).
They have demonstrated that even if no statistical
significance has been observed in the markers at each point,
when they are dynamically analyzed, there is a significant
difference such that nonmetastatic and premetastatic
situations can be defined and novel biomarkers can be
identified.

In their work, they have adopted the mathematical
method of the DNB model for identifying the difference
between nonmetastatic and premetastatic states for
developing the new biomarker. Comparing various factors
dynamically using omics data, they successfully found that
the potential biomarker predicted the lung metastases of
HCC as a tipping point (20-23). Specifically, they obtained
DNB genes that not only signaled the premetastatic state
but were also strongly related to the key molecules of HCC
metastasis by analyzing the three DNB statistical conditions
of the critical state derived from the nonlinear dynamic
theory (20,22,23). Compared with traditional biomarkers
detecting the metastatic state on the basis of the differential
expression of molecules, a major advantage of the DNB
method is that it can identify the premetastatic state or
tipping point just before the irreversible transition to the
metastasis state in tumor progression. With this method,
they have discovered several DNB members as predictive
biomarkers that have been shown to play a precursor role
in initiating metastasis (20-23) in both animal models and
patient samples. They have transplanted HCC cell lines
of highly aggressive progression and expressing stable
fluorescent protein for easy detection of the dynamics
of carcinogenesis and metastasis and analyzed them
dynamically in a time-dependent manner. They have shown
by analyzing time-series transcriptomic data based on the
DNB method the tipping point of metastasis initiation
using model mice and found that CALML3, located on
chromosome 10 (10p15.1) and encoding a 138-amino-
acid residue calcium sensor protein similar in structure to
calmodulin 39, is one of the DNB members and plays an
important role in metastasis initiation.

CALML3 is highly expressed in the normal
differentiation of tissues, including skin, kidneys, breasts,
and thyroid. Also, its expression is significantly reduced
in cancers of these tissues (25), indicating the tumor-
suppressive function of this gene; however, little is known
regarding its function in the mechanisms of metastasis
initiation. They have performed assays in vitro, in vivo,
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and using clinical samples for clarifying the molecular
mechanisms of CALML3 and have shown that this gene
could indicate metastasis initiation through the biological
network and that the loss of this gene function predicts
poorer prognosis in patients with HCC. Therefore,
CLAML3 can be a prognostic biomarker of HCC and
possibly be a therapeutic target.

In summary, the new way of predicting the critical
transition in metastasis by the DNB method has been
demonstrated and this method has provided new insights
into the molecular pathology of HCC pulmonary metastasis
from the perspectives of dynamics and network. This
methodology can be applied to other cancers; therefore,
“dynamic” changes in searching the biomarkers for the
specific situation can be realizable.
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