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Cancer originates in a single cell. However, most human 
tumors present extensive intratumor heterogeneity and 
comprise several populations with distinct phenotypes. 
Intratumor heterogeneity have to be considered in the 
design of treatment strategies. Torres et al. (1) has identified 
an epigenetic mechanism that creates intratumor functional 
heterogeneity. They report that reversible silencing of 
histone H1 subtype H1.0 affects the differentiation state of 
cancer cells.

Histone H1 is involved in chromatin organization and 
gene regulation. In humans, the H1 complement is formed 
by 11 different subtypes, which include seven somatic 
subtypes and four germ-line-specfic subtypes (2). Somatic 
subtypes are classified as replication-dependent subtypes 
(H1.1-H1.5) and replication-independent subtypes (H1.0 
and H1.x). While H1 subtypes display some degree of 
functional redundancy, increasing evidence is in favor of 
subtype functional differentiation. Subtypes differ in several 
aspects including expression patterns, chromatin binding 
affinity, post-translational modifications, protein-protein 
interactions and genomic distribution (3).

For more than 30 years histone H1.0 accumulation has 
been associated with terminal differentiation in normal cells 
(4,5), while a decrease in the levels of H1.0 expression has 
been observed in neoplastic cells (6). During the last decade, 
the down-regulation of H1.0 has been consistently observed 
in different cancer types (1,7-11). Recently in Science, 
Torres and colleagues have shown that H1.0 silencing 
occurs specifically in cancer stem cells (CSCs). They 

studied tumor formation using de novo transformed primary 
dermal fibroblasts. After transformation, a subpopulation of 
cells acquired a cancer-stem-cell phenotype, characterized 
by uncontrolled long-term proliferative potential and 
pluripotency. At a molecular level, CSCs are characterized 
by the expression of the stem cell surface marker Stage-
Specific Embryonic Antigen 1 (SSEA1), which showed 
a mutually exclusive relationship with H1.0. At protein 
level, down-regulation of H1.0 could either decrease the 
total H1:core histone ratio or instead H1.0 loss could be 
compensated by an increase of other H1 subtypes. In this 
context, previous results have shown the increase of the 
protein levels of other H1 subtypes in different cancers (10). 

Previous studies have reported the localization 
of H1.0 at genome-wide level. In mouse embryonic 
stem cells (ESCs), overexpression of H1.0 showed an 
overall positive correlation with H3K9me3 and inverse 
correlations with GC% and H3K4me3. H1.0 also 
appeared to be enriched at major and minor satellites 
and, to a lesser extent, at LINE L1 elements (12). 
The knockdown of H1.0, during in vitro differentiation 
experiments of human ESCs, impaired the induction of 
genes associated with differentiation (HNF4, Sox17 and 
FoxA2), suggesting a potential role of H1.0 in regulating 
specific genes during human ESC differentiation (13).  
In T47D, a human breast cancer cell-line, H1.0 was 
enriched at nucleolar-associated domains (NADs), rDNA 
and certain repeats (14).

An obvious question arising from this data regards the 
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alterations derived from H1.0 silencing in CSCs, Torres 
et al. examined the genomic distribution of H1.0 in vitro 
transformed fibroblasts. H1.0 was preferentially located in 
GC-rich regions, while AT-rich regions were characterized 
by a low H1.0 peak density. The analysis of transcriptional 
data showed that the genes up-regulated upon H1.0 
knockdown were associated with oncogene activation, 
tumor-suppressor inactivation and stem-cell maintenance, 
highlighting their importance for cancer cell-renewal 
ability. Additionally, the up-regulated genes were located in 
AT-rich regions with linear proximity on the chromosome. 
ChIP-seq analysis showed that the up-regulated genes 
were enriched in H1.0 around the transcriptional start site 
(TSS). Depletion of H1.0 caused an increase in the FAIRE 
signal around the TSS, indicating decreased nucleosome 
occupancy. Based on these results the authors concluded 
that cells lacking H1.0 undergo genome wide changes in 
gene expression, triggered by alterations in the nucleosome 
occupancy around the TSS of genes in AT-rich domains, 
which led to the up-regulation of genes associated with 
cancer-cell self-renewal ability. Mechanistically, H1.0 
depletion destabilizes nucleosome-DNA interactions 
to promote the expression of self-renewal genes. Gene 
expression changes following H1.0 loss were reversible and 

epigenetic states restricting cell proliferation potential were 
reestablished upon H1.0 re-expression.

Torres et al. examined clinical samples from different 
human cancer types and confirmed that the decrease in 
the levels of H1.0 is a common feature of neoplastic cells. 
Moreover, low H1.0 levels predicted poor patient prognosis, 
underscoring the potential of this linker histone subtype 
as a cancer biomarker. Of special interest for therapeutic 
purposes is the fact that re-expression of H1.0 during tumor 
growth contributes to cell differentiation and impairs cell 
long-term proliferative potential. 

In order to understand how H1.0 is silenced in CSCs, 
the authors studied the methylation levels of the H1.0 
gene (H1F0). The comparison of two populations, self-
renewing cells (SSEA1+) with the more differentiated tumor 
cells (SSEA1−) showed that the CpG island in the H1F0 
promoter was unmethylated in both cell subsets (Figure 1).  
However, the adjacent CpG shore was differentially 
methylated, with higher methylation levels in SSEA1+ cells. 
The analysis of data sets from various cancer types also 
showed a positive correlation between the methylation of 
the CpG shore with H1F0 mRNA levels. This CpG shore 
also appears to be an enhancer element, as it is enriched in 
H3K27ac and showed transactivating potential in reporter 

Figure 1 Some factors involved in the control of H1.0 gene expression and protein levels. (A) Activating factors; (B) inhibitory factors. 
UCE, upstream control element; HBP1, high-mobility group box transcription factor; RB, retinoblastoma protein.
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assays. Moreover, deletion of this region by CRISPR/CAS9 
genome editing resulted in a decrease in the H1F0 mRNA 
levels. These results led the authors to conclude that H1.0 
gene silencing in self-renewing tumor cells is, at least in 
part, due to the methylation of this enhancer region.

In addition to DNA methylation, other factors have been 
described to modulate H1.0 expression at transcriptional 
and post-transcriptional levels (Figure 1). At least three 
cis-acting regulatory elements, upstream control element 
(UCE), H1-box, and H4-box have been described in 
H1.0 gene promoter (15). HBP1, a high-mobility group 
box transcription factor, interacted specifically with the 
H4-box in H1F0 promoter. This transcription factor is 
ubiquitously expressed in a differentiation-dependent 
manner and interacts with the retinoblastoma protein (RB). 
Both HBP1 and RB were involved in the activation of H1.0 
gene expression, providing a link between the cell cycle 
control machinery and cell differentiation signals. In human 
ESCs, the H1.0 promoter has bivalent chromatin marks 
(H3K27Me3 and H3K4Me3), suggesting that Polycomb-
mediated repression may keep the H1.0 gene silent in stem 
cells (13). Core histone acetylation induced by treatment 
with histone deacetylase inhibitors such as trichostatin and 
butyrate has been shown to activate H1.0 gene expression 
during early Xenopus embryonic development (16).

Expression of H1.0 appears to be modulated by tissue-
specific factors. In dendritic cells, which play an important 
role in antitumor immune response, the transcription factor 
NF-kappaB is actively involved in the regulation of H1.0 
during differentiation (17). It has been shown that H1.0 
expression in thyroid, adrenal cortex, and testes of rats is 
under hormone regulation (4). In rat brain, the expression 
of H1.0 in arcuate neurons is negatively regulated by the 
estradiol levels during the estrous cycle (18). Osmotic 
stimulation of supraoptic nucleus (SON) neurons of the 
rat hypothalamus induced a metabolic shift characterized 
by the overexpression of vasopressin, oxytocin and rRNA 
genes and by the depletion of H1.0 in chromatin (19). It 
thus appears that H1.0 is the only H1 subtype that can be 
controlled by external signals.

Post-transcriptional regulation of H1.0 in rat developing 
brain has also been described (20). H1.0 mRNA has 
been shown to interact by its 3’UTR with several RNA-
binding proteins including heterogeneous nuclear 
ribonucleoprotein (hnRNPK and hnRNPA1), molecular 
chaperones (heat shock cognate 70, Hsc70), the cold shock 
domain-containing protein 2 (CSD-C2) and MYEF2 

(21,22). H1.0 has been also been found in extracellular 
vessels (EVs) produced by oligodendrioma and melanoma 
cells, suggesting that cancer cells can escape differentiation 
by discarding this protein into EVs (22,23) (Figure 1). 
In addition in melanoma cells, EVs also contained H1.0 
mRNA associated with RNA-binding proteins (22). 

In summary, the results of Torres and colleagues together 
with evidences of numerous studies indicate a subtype-
specific and important role of H1.0 in differentiation, as 
well as in cancer development. In the light of these findings, 
future studies are needed to completely understand H1.0 
gene regulation in order to device therapeutic strategies for 
H1.0 re-expression in tumors. The results of Torres et al. are 
an important step forward towards the understanding of the 
relationships of chromatin epigenetics and tumor biology.
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