
Supplementary Text S1 
The epigenetic landscape metaphor and some recent applications related to human cell oncogenic 

transformation. 
 
As a starting point in examining how epigenetic pathways of toxicity might be developed as 

molecular targets for toxicity testing in vitro, it is instructive to briefly re-cap the formative beginnings of 
epigenetic science. The term “epigenetic landscape,” originated as an organizing concept formulated over 
60 years ago by the developmental biologist, Conrad Waddington [1]. The landscape metaphor was 
employed to illustrate how a diploid genome might naturally give rise to and eventually restrict cells to 
an assortment of specific phenotypes during embryonic development - from the beginnings in a single, 
undifferentiated embryonic progenitor cell, through to the final forms and functions of the various 
specifically differentiated cell phenotypes within the specialized tissues of a multicellular organism 
(reviewed by Slack [2,2]). In his forward-thinking exercise, developed primarily before the biochemical 
characterization of DNA, Waddington envisaged a 3D model for cellular differentiation. It presented 
developmental choices as a topographic ‘landscape’ (hills, valleys, canyons, channels) constraining the 
routes, or channels, through which an undeveloped, pluripotent cell could be directed to navigate while 
descending through the ‘landscape’ toward a more differentiated cell species (with lesser developmental 
potential) (Figure 2). The distinct channels formed within the landscape were hypothesized to be formed 
above a multidimensional substructure linked to a set of developmental genes that control cellular 
metabolic processes and form an interconnected framework of information, or ‘forces’, that are the 
determinants of the developmental channels. More recently, mathematical methods have been employed 
to compute quasi-potential landscapes for gene regulatory network dynamics, where stable steady states 
(attractors) are separated by transitional barriers that need to be overcome to permit state changes from 
any one attractor to another. The attractors and transitional barriers correspond to the valleys (leading to 
cell fates) and hills (preventing trans-differentiation or reprogramming of cell identity) portrayed to be 
the result of forces controlled by the developmental genes in the qualitative Waddington model [3,4]. The 
landscape metaphor continues to be invoked to interpret alterations in the epigenetic control of gene 
expression for their effects on cellular phenotype or identity. Examples include: effects related to 
reprogramming transcription factors used in engineered trans-differentiation of cells [5] or the observed 
epigenetic disturbances in tumour cells [6]. One view has been presented that proposes an 
environmentally-induced flattening of the epigenetic landscape in tumour cells (eg by carcinogens or 
diet, as well as injury and inflammation). The lowering of cellular developmental barriers provides more 
flexible possibilities for cells to express alternate gene expression signatures, thereby making more paths 
available to phenotypes that are advantageous to cancer cell survival and growth [7]. Similarly, multi-
point perturbations within gene regulatory network dynamics, or in  network landscape topography, 
have been hypothesised to be partly caused by instability in the epigenome, due to chemotherapeutic-
induced stress which results in further selectable phenotypic changes in cancer cells [8].  
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