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Abstract

In this issue of Cell Stem Cell, Liu and co-workers demonstrate that a genetically engineered 

glioma model displays a functional cellular hierarchy defined by expression of the nuclear orphan 

receptor, Tlx. Targeting cancer stem cells through genetic deletion of TLX promotes cancer stem 

cell death and differentiation and extends survival.

Cancer is a genetic disease, but it initiates and grows within a cellular context that reflects 

the organization of tumors into aberrant organ systems. The cellular diversity within a tumor 

extends to the neoplastic compartment in which genetic and epigenetic variation manifests 

in differential proliferation, survival, and migration of cancer cells. The cancer stem cell 

(CSC) hypothesis is a partial explanation for these observations as many cancers harbor a 

relatively undifferentiated pool of transformed cells that self-renew and propagate the entire 

range of differentiated tumor progeny. However, establishing the presence of cellular 

hierarchies within a tumor and identifying the origin of differentiated progeny is 

complicated by the dynamic nature of cancer and an inability to trace the history of existing 

cancers. One challenge has been the identification of reliable CSC surface markers because 

these molecules mediate interactions between cells and their microenvironment and may be 

dynamically changed after isolation of CSCs. Further, no tumor type is genetically uniform 

so markers are unlikely to be uniformly informative in all tumors. Tumor models derived 

from patient specimens (e.g. patient-derived xenografts) contain the cellular and molecular 

diversity of the human disease, but cannot instruct us as to the natural history of specific 

cells beyond genetic lineage analysis. Alternatively, genetically engineered mouse models 

present a useful tool to study the natural history of tumor hierarchies in an immune 

competent background, albeit with far less genetic diversity than human cancers. Based on 

this background, Liu and colleagues (Zhu et al., 2014) established a mouse model that 

developed high-grade brain tumors by co-expression of PDGFB and AKT in Nestin positive 

neural stem cells (NSCs). Other investigators have used Nestin to mark highly tumorigenic 

cells, but the marker has not proven reliable in human tumors. In contrast, the current study 

interrogated Tailless (Tlx; Nuclear Receptor subfamily 2 group E, NR2E1), a nuclear orphan 
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receptor specifically expressed in the brain and retina, to perform lineage tracing and 

targeting studies.

Previous studies by this group and others have shown that Tlx is expressed in neural stem 

cells (NSCs) (Liu et al., 2008; Shi et al., 2004) and that forced overexpression of Tlx in 

conjunction with common genetic lesions (e.g. mutant p53) induces gliomas (Liu et al., 

2010; Park et al., 2010; Zou et al., 2012). Building on these findings, the authors used TLX-

GFP reporter mice in conjunction with PDGFB and AKT overexpression to generate 

gliomas with variable GFP expression. TLX-GFP+ cells are largely quiescent and increased 

sphere formation and tumor propagation potential relative to TLX-GFP- cells. Notably, 

TLX-GFP+ cells were distinct from cells expressing other putative CSC markers (Sox2, 

Olig2), suggesting that tumors may contain different pools of CSCs and/or a further 

hierarchy of stem and progenitor cells (Figure 1). As both NSCs and oligodendroglial 

progenitor cells (OPCs) have been shown to be potential cells-of-origin for gliomas, it is 

possible that tumor growth in these genetic models may not be solely driven by a single cell 

type. Lineage tracing studies with Confetti reporter mice suggested that TLX+ cells can be 

the cell-of-origin of gliomas and that treatment with the oral methylator, temozolomide, 

promotes cell cycle entry of TLX+ cells. These results suggest that TLX is a potential 

molecular target of gliomas. Indeed, conditional ablation of TLX in their model slows tumor 

growth and inhibits CSC self-renewal, associated with induction of senescence and 

neurogenic differentiation measured by DCX expression. Interestingly, we previously 

reported DCX as a negative prognostic indicator for glioblastoma in combination with other 

genes (Rich et al., 2005).

To further determine potential molecular mediators of TLX, the authors performed an 

expression analysis and found cell cycle regulators (including CDKN2A, CDKN2B, and 

PML) and neuronal differentiation genes (TGFβR1 and Dlx2) were significantly up-

regulated in TLX knockout CSCs. Other potential molecules previously found to interact 

with TLX not detected in these studies could also be relevant based on roles in glioma 

CSCs, including Pten, miR-9, and LSD1. These findings are consistent with prior reports 

that TLX functions as a transcription repressor in controlling CSCs. TLX recruits histone 

deacetylases (including HDAC3 and HDAC5) to its downstream targets to repress their 

transcription (Sun et al., 2007). As HDACs are required for function of TLX transcriptional 

repressor and essential in the maintenance of CSCs self-renewal, HDAC inhibitors may 

target TLX+ CSCs.

The identification of novel and specific CSC targets is potentially important as CSCs 

contribute to therapeutic resistance (Bao et al., 2006). In support of TLX as a CSC target, 

the authors performed online in silico analysis using The Cancer Genome Atlas (TCGA) 

bioinformatics dataset to show that high TLX mRNA expression is a negative prognostic 

factor for an unselected glioblastoma population (P < 0.007, Cox Proportional Hazard). This 

observation must be taken with caution as a further examination of the full TCGA dataset 

with consideration of other prognostic factors indicates that the prognostic significance of 

TLX is entirely linked to its reduced expression in G-CIMP (glioma CpG island methylator 

phenotype) tumors, which signify a genetically distinct cancer type and are associated with 

IDH1 mutations and longer survival. Excluding G-CIMP patients, TLX expression displays 
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no predictive value for glioblastoma patient survival (P = 0.955, Cox Proportional Hazard). 

Thus, TLX is not likely a prognostic factor itself, although the reduced TLX expression 

found in G-CIMP patients may potentially inform the biology of this distinct population of 

tumors. Additionally, genetic lesions (Pten, p53, etc.) potentially interacting with TLX may 

also inform its contribution to tumor growth. While no TLX inhibitors have been identified, 

the TLX mutant mouse is viable, albeit with developmental abnormalities in the brain, and 

TLX has been shown to be a druggable target (Benod et al., 2014).

The studies from Liu and colleagues (Zhu et al., 2014) lend further support to the 

importance of CSCs, while supporting TLX as a novel glioma CSC marker and expanding 

opportunities to investigate regulators of CSCs in a genetic model. The combined use of this 

powerful model with well characterized human tumor models should inform the discovery 

of other CSC points of fragility and could provide a useful tool to detect the initiating stages 

of brain cancer. Although the CSC hypothesis does not comprehensively explain all of 

tumor biology, CSCs as roots of many cancers represent an added level of complexity in 

tumors, a challenge we must face in trying to develop more effective therapeutics.
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Figure 1. The role of the nuclear orphan receptor TLX (NR2E1) in glioblastoma
TLX-positive glioma cells are quiescent and display the capacity for self-renewal and tumor 

growth. TLX marks a subpopulation of tumor cells distinct from other putative cancer stem 

cell (CSC) markers – SOX2 and OLIG2 – suggesting the potential for different pools of 

CSCs or further stages in a cellular hierarchy with SOX2 potentially indicating a transient 

amplifying progenitor population
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