
Leading Edge

Previews
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1Helmholtz Diabetes Center & German Diabetes Center (DZD), Helmholtz Zentrum München, 85764 Neuherberg, Germany
2Division of Metabolic Diseases, Technische Universität München, 80333 Munich, Germany
3Institute of Functional Epigenetics, Helmholtz Zentrum München, 85764 Neuherberg, Germany
4IGBMC, Strasbourg, 67400 Illkirch, France

*Correspondence: tschoep@helmholtz-muenchen.de

http://dx.doi.org/10.1016/j.cell.2016.01.006

Heritable epigenetic mechanisms might contribute to the worldwide increase in the prevalence of
obesity. Dalgaard et al. identify an epigenetic molecular switch that controls body weight control.
The discovery suggests the existence of mammalian polyphenism in energy metabolism and might
have implications for strategies to limit the obesity epidemic.
Alternative phenotypes can originate

from genetically identical organisms, as

a response to environmental cues. This

phenomenon, called polyphenism, is a

hallmark of epigenetic potential. In in-

sects, environmental cues driven by

hormonal or dietary changes can be

‘‘sensed’’ by chromatin-based mecha-

nisms that trigger morphological changes

allowing better adaption to the environ-

ment (Simpson et al., 2011). However, it

is not clear whether such fixed genomic

plasticities regulate physiological pro-

cesses or pathological states in mam-

mals. In an important breakthrough in

this issue of Cell, Dalgaard et al. (2016)

report one of the first examples of a

mammalian polyphenism in body weight

regulation.

Obesity is a multifactorial disease

influenced by the interaction of genetic

predisposition and environmental cues,

including lifestyle choices. Epigenetic

mechanisms inherited or acquired during

early life can govern energymetabolic pro-

cesses and determine body adiposity

(Vogt et al., 2014). Moreover, epigenetic

marks at specific genes can correlate

with body adiposity in humans (Dick

et al., 2014). Such marks are implicated in

the transmissions of alterations in energy

metabolism to progeny (Desai et al.,

2015). Recent evidence suggests that the

epigenome of somatic cells in obese sub-

jects can be remodeled by anti-obesity

therapeutic interventions, such as bariatric

surgery (Donkin et al., 2015). Therefore,

understanding the mode of action of chro-

matin-based networks and their role in

regulating metabolic processes might be

a critical step toward developing preven-
tive and therapeutic approaches to com-

bat the obesity epidemic.

Before formulating therapeutic strate-

gies based on epigenetic modulators,

several basic questions need to be ad-

dressed. What are the main epigenetic

players involved in energy metabolism?

Are epigenetically inherited alterations

causally linked to metabolic syndrome in

humans? Finally, are epigenetic mecha-

nisms implicated in polyphenism and dis-

ease occurrence in mammals?

Dalgaard et al. (2016) elucidate an

epigenetic network capable of triggering

obesity in an ON/OFF bimodal manner.

The authors observe that genetically iden-

tical (syngenic) mice bearing a mutation in

the KRAB-zinc-finger transcription factor

Trim28 (Trim28+/D9) exhibit a bimodal dis-

tribution in their body weight. Adult

Trim28+/D9 mice randomly switch their

phenotype from a normal body weight

(obese-OFF) to increased body weight

and adiposity (obese-ON). Intriguingly,

this ‘‘polyphenism’’ is non-Mendelian

and remains stable over many genera-

tions, resisting segregation, suggesting

the presence of epigenetic mechanisms.

In order to uncover genes involved in

this switching, the authors analyze

different RNA-sequencing datasets from

adipose tissue samples of obese-ON

versus obese-OFF mice. Several pater-

nally imprinted genes are differentially ex-

pressed in the two groups and specifically

downregulated in the obese-ON mice.

Interestingly, among different imprinted

gene networks (IGNs), an in-silico-based

analysis reveals a cluster named IGN1

that is uniquely downregulated in adipose

tissue samples of obese-ON mice.
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Intriguingly, syngenic mice deficient for

two genes of the IGN1 network (Nnat

and Peg3) recapitulates the ON/OFF

mode of regulation of body weight

observed in Trim28+/D9 mice. Thus, the

authors show that epigenetic alterations

of the IGN1 network might underlie the

phenotypic switches in the body weight

observed in Trim28+/D9 mice.

How does the TRIM28 genetic deletion

determine alterations in the IGN1 cluster,

and what are the mechanisms behind

imprinting in these genes? At a molecular

level, the authors showed that obese-ON

Trim28+/D9 mice display altered expres-

sion of several factors that forma complex

with TRIM28. Therefore, the authors pro-

pose a model in which insufficiency of

the TRIM28-ZFP57 complex leads to

switch-like dysregulation of IGN1 and

body weight control. However, they do

not show themechanisms underlying dys-

regulation of the IGN1 genes. Imprinting

typically results from discordant maternal

versus paternal DNAmethylation in germ-

line defined genomic regions. Surpris-

ingly, in obese-ON mice, no difference in

the DNA methylation levels of such

imprinting control regions is observed in

the IGN1 genes. Therefore, a ‘’non-clas-

sical’’ imprinting gene program is pro-

posed. Future work will be required to un-

derstand the mechanisms underlying this

‘‘non-classical imprinting.’’

By identifying a TRIM28/IGN1 axis rele-

vant for body weight control (Figure 1), the

work of Dalgaard et al. (2016) paves the

way for future studies aimed at under-

standing the metabolic contribution of

single or combined genetic components

of the IGN1 gene cluster. IGN1 genes
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Figure 1. An ON/OFF Switch for Obesity
Mutations in the chromatin-associated co-repressor Trim28/KAP1 (Trim28+/D9) affect the formation of a
functional TRIM28-ZFP57 complex, which in turn affects chromatin states and modifications during
embryonic development. Such (not yet identified) epigenetic alterations might be linked to a down-
regulated expression of an imprinted cluster of genes named IGN1. Reduced levels of components of the
IGN1 network, including Nnat and Peg3, could lead to an obese-ON program. This program of obesity
susceptibility is linked to a phenotypic switch in the body weight in adult genetically identical Trim28+/D9

mice, rendering them either normal or obese but without an intermediate phenotype. Such polyphenism
might be influenced by environmental signals including dietary conditions, hormonal signaling, and
changes in the environmental temperature, occurring in early life stages, during development, or poten-
tially in the prior generation.
have been implicated in metabolic regula-

tion (Curley et al., 2005), but their func-

tional contribution to energy balance is

far from being completely understood.

Moreover, TRIM28 and IGN1 factors

might be involved in several processes

such as placentation, developmental

growth, control of behavior, and cancer

(Cleaton et al., 2014). Thus, more work

will be required to test whether and which

epigenetic marks may be transmitted to

control biological functions such as devel-

opment and behavior and pathological

states such as cancer, in the context of

this novel Trim28/IGN1 axis.

Do these findings in mice have implica-

tions for humans? After examining the

transcriptional profiles of adipose tissue

samples derived from multiple human co-

horts, the authors observe that humans,

like mice, appear to stratify into subpopu-

lations defined by adipose Trim28 expres-

sion. Subjects displaying low Trim28

levels exhibited increased obesity inci-

dence and a distinct transcriptome char-

acterized again by IGN1 dysregulation.

To further address this epigenetic system
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in humans, the authors analyzed adipose

tissue samples form monozygotic twins

displaying differences in their body

weight. They observed both reduced

Trim28 levels and reduced IGN1 gene

expression in obese relative to lean

isogenic co-twins. Altogether, these data

support a possible role of the Trim28/

IGN1 axis in increasing the susceptibility

to obesity in humans.

The work of Dalgaard et al. (2016)

shows that in mammals and possibly in

humans, a switch in the regulation of

bodyweight can occur in genetically iden-

tical individuals as a consequence of

impairment of the chromatin-sensitive

Trim28/IGN1 molecular axis (Figure 1).

One critical question remains to be ad-

dressed. Can environmental factors

contribute to this epigenetic-based

mechanism of body weight regulation?

The authors believe that this might be

the case, as they notice that changes in

housing temperature and density of hous-

ing affect the frequency of ON/OFF body

weight switches observed in Trim28+/D9

mice. In support of the potential impact
r Inc.
of environmental factors on this epige-

netic axis, a recent study has shown that

mutations in the insulin and insulin-like

growth factor 1 receptors lead to impaired

expression of a subset of IGN-1 genes

(Boucher et al., 2014), indicating a

possible link between Insulin/IGF1

signaling and the phenotype observed in

Trim28+/D9 mice.

Humans are continuously exposed to

environmental factors, such as hormones,

metabolic factors, or dietary conditions,

that might induce epigenetic re-modeling.

More research is needed to establish

whether environmentally regulated epige-

nomic ON/OFF switches for obesity via

the Trim28/IGN1 axis operate in humans.

Knowing this could help develop preven-

tive or therapeutic strategies to coun-

teract obesity. Or, in a bleaker assess-

ment, epigenetic remodeling might

already be driving the obesity epidemic

to a point of no return, with the promising

therapeutics we discover today ceasing

to work in future generations.
REFERENCES

Boucher, J., Charalambous, M., Zarse, K., Mori,

M.A., Kleinridders, A., Ristow, M., Ferguson-

Smith, A.C., and Kahn, C.R. (2014). Proc. Natl.

Acad. Sci. USA 111, 14512–14517.

Cleaton, M.A., Edwards, C.A., and Ferguson-

Smith, A.C. (2014). Annu. Rev. Genomics Hum.

Genet. 15, 93–126.

Curley, J.P., Pinnock, S.B., Dickson, S.L.,

Thresher, R., Miyoshi, N., Surani, M.A., and Ke-

verne, E.B. (2005). FASEB J. 19, 1302–1304.

Dalgaard, K., Landgraf, K., Heyne, S., Lempradl,

A., Longinotto, J., Gossens, G., Ruf, M., Orthofer,

M., Strogantsev, R., Selvaraj, M., et al. (2016).

Cell 164, this issue, 353–364.

Desai, M., Jellyman, J.K., and Ross, M.G. (2015).

Int. J. Obes. 39, 633–641.

Dick, K.J., Nelson, C.P., Tsaprouni, L., Sandling,

J.K., Aı̈ssi, D., Wahl, S., Meduri, E., Morange,

P.E., Gagnon, F., Grallert, H., et al. (2014). Lancet

383, 1990–1998.

Donkin, I., Versteyhe, S., Ingerslev, L.R., Qian, K.,

Mechta, M., Nordkap, L., Mortensen, B., Appel,

E.V., Jørgensen, N., Kristiansen, V.B., et al. (2015).

Cell Metab. S1550-4131(15)00571-9. http://dx.doi.

org/10.1016/j.cmet.2015.11.004.

Simpson, S.J., Sword, G.A., and Lo, N. (2011).

Curr. Biol. 21, R738–R749.

Vogt, M.C., Paeger, L., Hess, S., Steculorum, S.M.,

Awazawa, M., Hampel, B., Neupert, S., Nicholls,

H.T., Mauer, J., Hausen, A.C., et al. (2014). Cell

156, 495–509.

http://refhub.elsevier.com/S0092-8674(16)00007-6/sref1
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref1
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref1
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref1
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref2
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref2
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref2
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref3
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref3
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref3
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref4
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref4
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref4
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref4
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref5
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref5
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref6
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref6
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref6
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref6
http://dx.doi.org/10.1016/j.cmet.2015.11.004
http://dx.doi.org/10.1016/j.cmet.2015.11.004
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref8
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref8
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref9
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref9
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref9
http://refhub.elsevier.com/S0092-8674(16)00007-6/sref9

	Epigenetic ON/OFF Switches for Obesity
	References


