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EPIGENETICS

Preconception cold–induced epigenetic 
inheritance
Preconception cold–induced alterations of sperm DNA methylation result in offspring with altered brown adipose 
tissue and improved adaptation to overnutrition and hypothermia.

Michael K. Skinner

Environmental exposures have been 
shown to promote epigenetic alterations 
in the germline (that is, the sperm 

or the egg) that may be inherited, which 
allows traits to be transmitted between 
generations1. This nongenetic form of 
inheritance allows the environment to 
alter the phenotypes and pathologies of 
subsequent generations. A wide variety of 
environmental factors, such as toxicants, 
nutrition and stress, have been shown 
to influence epigenetic inheritance1. 
Temperature is one of the main climate-
associated environmental factors to which 
nearly all organisms are required to respond 
in order to survive, and temperature-
induced epigenetic inheritance in flies, 
mosquitos, fish and plants has been 
observed2–6. Sun et al.7 now show that a 
similar phenomenon occurs in mammals. 
In a study involving over 8,000 people, 
the authors show that participants had 
differences in brown fat characteristics 
and metabolic phenotypes depending on 
whether they were conceived in a cold 
versus a warm season or environment. 
This phenotype appears to be primarily 
paternally transmitted. The identification 
of cold-induced epigenetic inheritance 
in mammals, including humans, helps to 
explain some of the physiological parameters 
that have evolved and the impacts on human 
health observed in the present.

Sun et al.7 carry out a retrospective 
study of over 8,000 humans who were 
conceived in cold or warm temperatures 
and find associated metabolic changes 
in brown adipose tissue that correlate 
to preconception cold exposure of the 
parents and, in particular, of the father 
(Fig. 1). In contrast to white fat, brown 
fat is metabolically hyperactive and 
beneficial, and is associated with reduced 
weight gain. The authors also carried out a 
corresponding mouse study that confirmed 
that preconception cold exposure of fathers 
results in metabolic alterations that are 
transmitted paternally to the offspring.  
They found that offspring of cold-exposed 

fathers had metabolic and morphological 
changes in their brown adipose tissue 
when compared with offspring from 
fathers not exposed to cold. The changes 
were independent of the environmental 
exposure of the mothers. The authors 
also found that gene expression changes 
in the brown fat of the offspring of cold-
exposed males indicated more metabolically 
active brown fat that resulted in improved 
systemic metabolism, which protected 
them from diet-induced obesity and 
insulin resistance. To further confirm 
the paternal influence on the offspring 
phenotype via epigenetic alterations, the 
authors analyzed the sperm of the fathers. 
They found that preconception exposure of 
these male mice to cold induced alterations 
in DNA methylation in their sperm that 
could be correlated with alterations in 
gene expression that resulted in metabolic 
changes in offspring7 (Fig. 1).

The direct exposure of an organism 
to an environmental factor can, through 
a variety of signaling processes, alter the 
epigenomes and transcriptomes of somatic 
cells and germ cells at various stages of 
development. The simultaneous direct 
exposure of different generations to an 
environmental condition is referred to as a 
multigenerational exposure (Fig. 1); when an 
environmental exposure results in germline 
transmission of the changes induced by 
this event, this is termed intergenerational 
inheritance, as is exemplified in a recent 
study1. That is, the preconception exposure 
of a male or female directly exposes that 
generation and the germline that will 
generate the next generation. The immediate 
impact of a preconception exposure on the 
subsequent generation can be to influence 
the health and adaptation physiology of the 
offspring to respond to the environment.

In this study, the paternal cold exposure 
that impacts the offspring metabolism via 
induction of hyperactive brown fat tissue 
in the offspring can better accommodate 
overnutrition and hypothermia, which 
is a classic example of a rapid adaptive 

process7. As the authors discuss, this 
can potentially be related to the current 
global obesity epidemic in the human 
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Fig. 1 | Preconception exposure to cold alters 
offspring traits. Wolfrum and colleagues7 show 
that exposure of males to cold (the F0 generation) 
results in changes in the epigenetic marks of their 
sperm that result in metabolic changes in brown 
fat in the next generation (F1). Such changes 
are a result of the multigenerational exposure 
to cold. Environmentally induced epigenetic 
transgenerational inheritance of this metabolic 
phenotype to the F2 generation would be far more 
impactful on health and evolution owing to its 
permanent programming in future generations.
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population. The cold-induced change in 
brown adipose tissue could be leveraged 
to reduce metabolic disease and obesity8. 
In addition, the cold-induced metabolic 
phenotype reduces the impacts of 
hypothermia in the offspring. This cold-
induced phenotype and the mechanism 
involved in its induction may provide 
insight into potential future therapeutics 
for obesity. For example, therapeutics  
to hyperactivate brown fat adipose  
could be considered.

One of the more classic examples of 
parental environmental exposure that 
impacts offspring metabolism is the thrifty 
phenotype9, in which caloric restriction of 
the fetus results in the affected offspring 
adapting to an environment with fewer 
calories. In contrast, the preconception 
exposure of males to high-fat diets 
has been shown to promote metabolic 
syndrome in offspring10. The Sun et al.7 
study identifies a cold-induced metabolic 

thrifty phenotype that is similar in 
impact to the nutrition-adaptive thrifty 
phenotype, both of which are mediated by 
epigenetic changes.

The ability of environmental epigenetics 
to promote an adaptive phenotype to cold 
has impacts on evolution11. However, 
the impacts would be far greater if the 
phenomenon was transgenerational. Future 
studies are now needed to determine 
whether the cold-induced thrifty metabolic 
phenotype is transmitted to subsequent 
generations. If exposure not only impacts 
the health of offspring, but also of all 
subsequent generations, the impact is 
significant Fig. 1. ❐
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CANCER EPIGENETICS

A role for chromatin regulatory dynamics in 
breast cancer evolution
Enhancer profiling of breast tumors reveals that chromatin regulatory elements contribute to the clonal fitness 
landscape, treatment resistance and phenotypic divergence.

Christopher Probert and Christina Curtis

Modern genomic data demonstrate 
the central role of chromatin 
regulatory elements in cellular 

identity and behavior; however, little is 
known about their heterogeneity and 
clonal dynamics in cancer. Breast cancer 
is the most commonly diagnosed cancer 
among women worldwide, but the extent 
of chromatin regulatory variation and its 
impact on clinical outcomes are largely 
elusive. Although large-scale studies 
have found extensive mutational and 
transcriptional heterogeneity between 
and within breast cancer subtypes1,2, no 
efforts to date have rigorously characterized 
the diversity of genome-wide chromatin 
regulatory activity in a meaningful number 
of tumors using modern histone-based 
sequencing techniques. In a new study in 
this issue, Patten et al.3 carry out extensive 
molecular profiling and functional analysis 
of breast cancer regulatory elements 
using modern histone-based sequencing 

techniques to examine the role of chromatin 
in breast cancer phenotypes and evolution.

Recent analyses of breast cancer–
associated genomic mutations 
demonstrate pervasive patient-to-
patient heterogeneity1,2; however, several 
integrative breast cancer subgroups2 lack 
recurrent somatic alterations, suggesting 
that additional sources of heterogeneity 
contribute to clinical outcomes such as 
drug resistance. Meanwhile, studies of 
chromatin dynamics during differentiation 
of blood (hematopoiesis)4 and neurons 
(neurogenesis)5 reveal intricately regulated 
patterns of chromatin element activity 
that impact transcription, morphology 
and differentiation. Additionally, a recent 
pan-cancer study of only a small subset of 
the genomic enhancer landscape showed 
an association between enhancer activity 
and clinical outcomes6. The genomic 
heterogeneity within individual breast 
cancers7 provides a rich substrate for 

clonal evolution, resulting from mutation 
acquisition, selection and genetic drift; 
however, the role of chromatin regulatory 
elements and epigenetic variation in this 
process is largely unknown.

Patten et al.3 use chromatin 
immunoprecipitation sequencing  
(ChIP-seq) to profile the chromatin 
landscapes of 39 primary and 16 metastatic 
breast tumors. They identify 350,695 unique 
active chromatin enhancer elements marked 
with H3K27ac, a post-translational histone 
modification commonly used to define 
active regulatory elements. They develop 
new analyses based on the signal intensity of 
this mark within each sample, allowing them 
to infer the clonality or lineage relationships 
and prevalence of each enhancer among 
cells within the tumor—alterations present 
in the founding tumor cell are present 
in all descendent cells and are clonal by 
definition, whereas mutations that arise 
later are present in subclones in only a 
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