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Commentary

Intrahepatic cholangiocarcinoma (ICC), the second most frequent primary liver tumor, is a
highly metastatic malignancy and often leads to disaster outcome in majority of patients, bringing
significant challenges in the medical field [1]. Most ICC patients are diagnosed at an advanced stage
with metastatic lesions. Of note, less than 30% of patients are eligible for curative resection when
diagnosed due to a proclivity for early metastasis [1]. Metastasis is also the deadliest stage in ICC
progression. To this end, it is important to reveal the molecular mechanisms driving ICC metastasis to
boost the discovery of new therapeutic strategies.

Tumor-repopulating cells (TRCs) are a tumorigenic sub-population of cancer cells with stemness
features [2]. TRCs have been implicated in various hallmarks of cancer, including death resistance,
metabolic reprogramming, immune evasion, epigenetic reprogramming, and senescence-associated
secretory phenotype, ete. [3-7]. TRCs are also one of the most critical factors for promoting the
metastasis of cancers. As high metastatic tumor cell sub-populations, even as few as about ten TRCs
are sufficient to form lung metastasis [8]. Previous studies showed that low level of SOX2 is required
for the metastasis of melanoma via regulating the dormancy propensity of TRCs [9]. Tumor cell-
released microparticles reprogram the lung microenvironment and promote the metastasis of TRCs
to lung [10]. However, no studies focused on the role of TRCs in ICC metastasis, so an in-depth
understanding warrants further investigation.

In a recent research article published in Cellular Signalling [11], Du et al. revealed the function
of Hexokinase 2 (HK2) in modulating metastasis of ICC. The researchers calculated a single sample
geneset enrichment analysis (ssGSEA) based stemness index in ICC and found its significant
association with ICC’s prognosis. They also identified 54 stemness-related anoikis genes (SRAGs) and
established a novel anoikis-related classification for ICC. They found anoikis had a close implication
in the stemness and metastasis in ICC via bioinformatics analyses. Then, several machine learning
algorithms were employed to explore the key regulated SRAGs, HK2. HK2 was up-regulated in ICC-
TRC:s that possessed enhanced migration and invasion ability, as well as anoikis resistance, which may
be due to the activated MTORCI signaling. Additionally, inhibiting MTORCI signaling pathway
decreased the expression of HK2, and, suppressing HK2 promoted anoikis and thus weakened the
migration and invasion ability in ICC-TRCs. Importantly, MTORCI signaling pathway promoted
the expression of HK2, empowering ICC-TRCs with the ability to resist anoikis, which further
promote the metastasis of ICC.

HK2 acts both metabolic and non-metabolic function in cancers. First of all, HK2 can directly
combine with mitochondrial VDAC and catalyze the conversion of glucose to glucose-6-phosphate,
the first rate-limiting step of acrobic glycolysis, which is the major energy metabolism mode of
cancer [12]. Accordingly, HK2 fuels tumor progression and metastasis via regulating metabolic
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Figure 1. The function of HK2 in cancers.

reprogramming. Recent studies reveal novel function of lactate, the
main metabolite of aerobic glycolysis, that is lactylation [13]. Both
histone and nonhistone proteins can be modified by lactylation,
altering the activity, stability, and cellular location of related proteins
in cancers [13-15]. These studies closely link aerobic glycolysis and
gene regulation as well protein function, greatly enriching HK2’s
metabolism function in cancers. Secondly, HK2 can directly
antagonize apoptosis stimuli. It suppresses the activity of pro-
apoptotic proteins, such as Bax and Bak, yet protects cells from
apoptosis also independently of them [12]. Mitochondria HK2
can transduce a permeability transition pore (PTP) closing signal,
restricting the release of apoptogenic proteins, and thus resisting
cell apoptosis. And then, HK2 can phosphorylation-dependently
localize to the nuclear. Nuclear HK2 interacts with nuclear proteins
and thus regulates chromatin openness, leading to the increase of
chromatin accessibilities at stem cell-positive signature and DNA-
repair sites in leukemia, which indicated the directed regulation of
HK2 on gene expression [16]. Next, HK2 can act as a kinase to
phosphorylate IkBa, resulting in the activation of NF-kB signaling
that up-regulates the expression of PD-L1 and further promotes
immune evasion [17]. Finally, this study revealed that HK2 can
protect ICC-TRCs from anoikis, which expanded a novel function
of HK2 in cancer. (Figure 1).

However, this paper didn’t provide the detailed mechanism under
this function of HK2. Further research can focus on two aspects.
For one thing, the lactylation of some proteins may block anoikis.
For another, the regulation of nuclear HK2 on gene expression may
alter the expression of anoikis-related genes. In addition, this paper
draws their conclusions only based on cell and database data. More
convinced data should be obtained from animal models or clinical
samples.
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