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Hepatocellular carcinoma (HCC) is a major worldwide 
health burden with over 700,000 cases diagnosed annually (1). 
Proven risk factors include Hepatitis B and Hepatitis C 
infections, alcoholic liver disease and, more recently, non-
alcoholic fatty liver disease (2,3). HCC is the major cause 
of death in patients with cirrhosis (2) and in most countries, 
the mortality rate nearly equals the incidence rate (4). To 
date, the definition of adequately sensitive and specific 
HCC biomarkers and signaling pathways has proven to be 
extremely complicated, in large part due to this cancer’s 
genetic heterogeneity [both between patients and within 
individual patients (5,6)] as well as patient heterogeneity 
depending on the underlying risk factor(s) present and 
other patient background genetic determinants. As such, 
the future of improved HCC diagnosis, prognosis and 
treatment (or most any cancer for that matter) will likely 
rely on a combination of multiple biomarkers, enhanced 
imaging technologies and accurate clinical assessment of the 
patient (2,7).

Limin Xia’s group report in this issue of Chinese Clinical 
Oncology (CCO) that Sox12, a transcription factor containing 
the SRY (sex determining region Y) related high mobility 
group box DNA binding domain, positively correlates with 
human HCCs that display aggressive clinical characteristics, 
including poor overall survival and higher recurrence rates 
post-surgical resection (8). Importantly, they demonstrate 
upstream (FoxQ1) and downstream (Twist1 and FGFBP1) 
effectors in Sox12-associated HCCs and thus begin to 
identify a “gene cloud” for HCCs with a poor prognosis.

I define a gene cloud as a group of genes that work 

together to realize a particular biological process, such as 
a biochemical pathway or a gene signaling network. For 
example, the Wnt/β-catenin signaling pathway involves a 
number of genes (c-Myc, Cyclin D1, Frizzled, Sox1, etc.) 
that can be thought of as comprising a “cloud”. Which 
genes are active or inactive in the cloud will determine the 
cloud’s function, i.e., differentiation versus proliferation 
versus homeostasis (9,10). Clouds driving processes such 
as proliferation, EMT activation and dedifferentiation will 
differ between normal cells, premalignant cells, cancer 
cell tissues of origin, cancer subtypes (e.g., benign versus 
malignant) and even between different tumor nodules 
within the same patient. Our current understanding of gene 
ontology is vexed by the fact that most any given gene’s 
function is entirely contextual: the same gene can have 
one particular function in a given cell type or disease state 
and an entirely different function in another. The great 
challenge of biology today is to comprehensively understand 
how each gene functions depending on its interaction 
with other genes, the cell differentiation environment 
and extracellular milieu. The “cloud” concept attempts to 
incorporate the contextuality of gene function beyond our 
currently simple gene ontology lists.

So it is important to define entire gene clouds to learn 
how each individual gene is functioning relative to the 
remaining gene cloud members. The size of a cloud will 
depend on the complexity of the process. For example, 
a “simple” biologic process such as initiation of cell 
proliferation may involve hundreds of genes whereas a 
complicated process such as malignant cancer potential 
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may involve thousands of genes. Xia’s group has begun to 
scratch the surface of understanding an “HCC metastasis 
gene cloud” in demonstrating the synergy of Sox12/Twist1, 
Sox12/FGFBP1 and Sox12/FoxQ1 co-expression in more 
biologically aggressive tumors. Clearly, a single gene or 
even two genes together do not tell the whole story. The 
task of completely defining an entire gene cloud even in 
the simplest of biological processes is protean, but Xia and 
colleagues are on the right path.

HCC recurrence is known to be associated with many 
clinical factors, especially vascular invasion, tumor grade, 
tumor size/burden and, more often than not, Alpha 
Fetoprotein levels. Sox12 overexpression correlates with 
tumor encapsulation loss, microvascular invasion and 
higher TNM staging as per Xia’s investigations, but how 
is Sox12 actually functioning? From what is known from 
other Sox gene family members in their regulation of 
specification and differentiation in various cell types (11), 
Sox12 may simply enable metastatic potential in HCC by 
enacting or participating in a dedifferentiation program. 
But might Sox12 be more specifically involved in cell 
growth deregulation or vascular invasion? Existing data 
and materials are in hand to address these questions and 
hopefully shed more light on Sox12’s exact function in 
hepatocellular carcinogenesis (12).
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