
You have launched a course entitled 
Interdisciplinary Training Program in Genes and 
the Environment; what is its founding ethos?

MWR: The basic tenet of this training programme 
is to help environmental health scientists achieve 
a fuller understanding of fundamental biological 
sciences than has been expected from previous 
graduates in the discipline. Our goal is to enable 
them to work effectively with scientists engaged 
in modern molecular epidemiology with in 
vitro and in vivo laboratory models (functional 
genomics), advanced biochemical technology 
(proteomics and lipidomics) and computational 
biology. This basic biological knowledge in 
genomics and exposure biology is incorporated 
into designing and analysing cutting-edge 
population studies and the study of gene-
environment interactions. Its foundation is based 
on interdisciplinarity – that is, melding different 
methodological approaches to forge a new field.

How have your individual professional 
backgrounds led to you establishing 
this programme, and what expertise 
does each of you bring to it?

MWR: My early training in biochemistry and cell 
biology sparked an interest in how small solutes 
get across cell membranes. Today, my laboratory 
focuses on metals such as iron, copper and 
manganese. Combining physiology, molecular 
biology and systems biology, we are studying 
metal-metal interactions and researching 
what interventions could be developed to 
reduce damage produced by their toxicities.

CHL: As a trained molecular biologist, my area of 
expertise centres on utilising molecular tools to 
understand gene expression and transcriptional 
control in response to environmental cues. 
Recently, we have established an unbiased 
metabolomics platform that allows us to examine 
diurnal alterations in the serum lipidome. We 
have also developed an analytical approach to 
identify specific lipid species associated with 
disrupted circadian rhythm and metabolic 
dysregulation. As such, my research operates at 
the interface between biostatistics, molecular/
biochemical biology and human pathophysiology.

AB: My research focuses on epigenetics as a 
potential mechanism linking environmental 
risk factors to human disease. To date, our 
data suggest that environmental pollutants 
found in air, food and water – such as air 
pollution, benzene, BPA, phthalates and 
pesticides – can all change the programmes 
of our genome. These findings suggest 
that removing such exposure from the 
environment will result in ‘healthier’ genes.

What kind of educational backgrounds do 
the students on this course tend to come 
from? Has the response so far been positive?

MWR: The response has been tremendous – 
we have many more outstanding applicants 
than we can possibly take on. The students 
typically apply for graduate PhD training in 
the Division of Biological Sciences – they 
mostly have bachelor’s degrees in the 
health sciences and many have experience 
in research, some at master’s level. Because 
we encourage interdisciplinarity, at the 
postdoctoral level fellows must apply by first 
identifying at least two faculty mentors and 
then developing a short research proposal that 
demonstrates a combination of disciplines. It 
is very competitive and we are proud of the 
achievements within our community of trainees.

Can you provide some current examples 
of areas in which an understanding of the 
intersection of molecular and environmental 
exposure biology is especially useful?

AB: Air pollution has been shown to have 
adverse effects on our heart and in fact is 
the most common trigger of heart attacks. 
Recently, we identified a methylation signal 
on an immunomodulating gene, TLR2, which 
appears to work as a gatekeeper for adverse 
air pollution effects on the heart. We found 
that individuals with a methylated TLR2 gene 
experience stronger or more frequent effects 
from air pollution exposures. This is perhaps the 
first time a methylation status that protects us 
from environmental toxins has been identified. 
Additionally, we showed that TLR2 methylation 
changed according to the amount of antioxidant 
foods that individuals had in their diets. This 
suggests that simple dietary changes could help 
modify the programming of our epigenome, 
making individuals less susceptible to health-
threatening environmental exposures.

How would you like to see the 
Program developing in the future?

CHL: The National Institute of Environmental 
Health Sciences (NIEHS) 2012-2017 Strategic 
Plan emphasises that the study of environmental 
exposures should focus on a variety of sources 
and that scientists in this field should be prepared 
to work across a range of disciplines, including 
cell and molecular biology, structural biology 
and biochemistry. Our programme supports this 
mission by placing a strong emphasis on laboratory 
studies regarding the genetic and metabolic 
components of biological responses to exposures. 
The research conducted by many of our faculty 
members covers the new areas of environmental 
exposures identified in the current NIEHS Strategic 
plan and, going forward, this is something that 
we would like to continue and develop.
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Driving a new discipline
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THE GENETICS REVOLUTION and the 
development of cutting-edge technologies have 
led to a transformation in environmental health 
research. Fresh insights into complex diseases 
are now possible as a result of new tools that 
genotype and characterise the activities of 
genes, messenger RNA and proteins. Similarly, 
advances in bio-mathematical and statistical 
methods are helping scientists to map the 
connections between environmental exposures 
and genetic susceptibility in the context of 
public health.

Indeed, hovering on the threshold of a 
post-genomic era, present-day research in 
public health is poised to establish deeper 
comprehension of the nature of health risks. 
There is an array of environmental exposures 
that can adversely affect human health, from 
noxious gases in the air to pesticides in the 
water system. Focusing on the impact of these 
exposures and examining how they interact 
with factors such as diet, lifestyle, metabolic 
alterations and psychological stressors, 
researchers in this field are investigating new and 
innovative disease prevention and treatment 
strategies. However, while these developments 
are extremely exciting, they also highlight an 
urgent need for interdisciplinary researchers 
with a broad knowledge of both biological and 
quantitative approaches.

CREATING A NEW DISCIPLINE

It is in response to this need that the 
Interdisciplinary Training Program in Genes and 
the Environment – based at Harvard School of 
Public Health (HSPH) – has been formed. With 
the aim of connecting graduate students with 
faculty members across multiple disciplines, 
the curriculum of this training course draws on 
biological and quantitative methodologies. Its 

emphasis on core scientific areas – spanning 
bioinformatics, genomics and proteomics – 
enables students to develop key interdisciplinary 
and collaborative knowledge and skills. “We 
are actually developing an innovative new 
discipline by creating an interdisciplinary space 
for students and fellows to train in this post-
genomic era,” states Dr Marianne Wessling-
Resnick, Professor of Nutritional Biochemistry 
and the Program Director. “With the support of 
the National Institute of Environmental Health 
Sciences (NIEHS), we are capturing innovative 
new minds to focus on solving fundamental 
problems in human health using the new 
technological toolbox.”

Along with the two co-Directors – Dr Andrea 
Baccarelli, Associate Professor of Environmental 
Epigenetics, and Dr Chih-Hao Lee, Associate 
Professor of Genetics and Complex Diseases 
– Wessling-Resnick is committed to recruiting 
outstanding students who want to develop 
quantitative skillsets in order to better 
understand molecular processes using large 
datasets. Predoctoral students enrolled on the 
Program will obtain a PhD in Biological Sciences 
in Public Health, a prestigious public health 
doctoral programme that is currently ranked 
number one in the US. As for the postdoctoral 
fellows, two faculty members at HSPH will 
mentor them in order to foster cross-disciplinary 
training. Importantly, the Program will provide 
continued support for eight predoctoral 
students and recruit one postdoctoral student 
per year for the duration of the funding. The 
trainees will have access to 23,050 square feet 
of laboratory space within the Department of 
Environmental Health and the Department of 
Genetics and Complex Diseases.

In addition, NIEHS has also provided funding for 
a summer intern programme in environmental 

A new generation  
of environmental  
health researchers
The Interdisciplinary Training Program in Genes and the 
Environment at Harvard School of Public Health was 
established in response to the need for outstanding environmental 
health scientists who are able to operate at the intersection of 
molecular and genomic biology, epigenetics and biostatistics

The Program’s emphasis on 
core scientific areas – spanning 
bioinformatics, genomics and 
proteomics – enables students to 
develop key interdisciplinary and 
collaborative knowledge and skills 
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INTERDISCIPLINARY TRAINING 
PROGRAM IN GENES AND THE 
ENVIRONMENT 

OBJECTIVE

To address the critical need for well-trained 
scientists who have an understanding 
of, and commitment to, cutting-edge 
research at the intersection of molecular 
and environmental exposure biology, and 
statistical and computational methods.

KEY COLLABORATORS 

Dr Chih-Hao Lee; Dr Andrea Baccarelli, 
Harvard School of Public Health, USA

FUNDING

National Institute of Environmental Health 
Sciences (NIEHS)

CONTACT

Dr Marianne Wessling-Resnick  
Program Director 
 
Harvard School of Public Health 
665 Huntington Avenue 
Boston 
Massachusetts 02115 
USA

T + 1 617 432 3267 
E wessling@hsph.harvard.edu
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fellow at the National Cancer Institute 
in Maryland.

health sciences for undergraduate students, 
with a specific focus on supporting early-
career researchers from underrepresented 
minorities. Not only does this create a 
thriving and diverse research community 
that unites both undergraduate and graduate 
students, but it also prepares the pipeline for 
future dedicated and revolutionary cross-
disciplinary researchers.

DRIVING DEVELOPMENTS

Biostatistics is one of the Program’s focal 
areas. In light of the recent explosion of 
epigenomics and molecular datasets, advanced 
computational and statistical methods are 
playing an increasingly important role in data 
analysis. Indeed, as well as wet lab work in 
epigenetics, Baccarelli also leads an active 
computational biology group, and his team has 
recently developed a novel method to simplify 
and speed up the analysis of epigenomic data. 
Entitled adjacent clustering (A-clustering), 
this method uses new software that examines 
each of the 500,000 methylation sites and 
establishes whether any one site is adjacent to 
another. Depending on the types of samples, 
and on the exposures and diseases of the study 
participant, the adjacent pairs of methylation 
sites are then grouped into 10 to 50,000 
different clusters. “Computational tools are 
critical not only to directing the selection of 
key experiments, but also in formulating new 
testable hypotheses through detailed analysis 
of complex molecular information that is not 
achievable using traditional approaches alone,” 
Baccarelli points out.

A further up-and-coming area that the Program 
is focusing on is ‘exposomics’. This refers to a 
theoretical system in which bio-mathematical 
and statistical models are developed to explore 
how exposures from the environment and the 
unique characteristics of an individual impact 
health and susceptibility to disease. “We use 
numerous advanced technological interrogation 
platforms – including microfluiditics, organ-
on-a-chip, mass spectroscopy and imaging 
– as well as rapidly evolving detection and 
analytic systems, such as biological sensors, 
point-of-care devices, biometric data 
collection and multiplexed systems,” discloses 
Wessling-Resnick. “These comprehensive 

techniques naturally lead us into the arena of 
exposome-phenome modelling.” Moreover, 
the proliferation of smartphones and personal 
electronic devices are opening new possibilities 
for measuring the ‘exposome’ by charting 
biological and environmental sensors at the 
individual level.

AN INTEGRATED FUTURE

Ultimately, this rich and stimulating educational 
initiative at HSPH will enable trainees to build 
a robust understanding of the impact that 
gene-environment interactions have on health 
risks. Indeed, with future health advances 
dependent on an integrative approach – 
combining biological and molecular science, 
human behaviour and social determinants 
of health – the Program addresses the 
demand for innovative methods that assess 
individual health risks and tap into the power 
of computational biology. By providing them 
with unfettered access to committed mentors 
in a top research environment, the students will 
be trained to meet the complex, present-day 
research challenges in the field of environmental 
health science. Looking ahead, the hope is 
that they will be equipped for key leadership 
roles in genetic and environmental studies, 
which will in turn lead to the development 
of more effective disease prevention and 
intervention strategies. 

PROGRAM GOALS

The Interdisciplinary Training Program in Genes and the Environment was formed to address 
the vital need for knowledgeable and well-trained scientists with a passion for innovative 
research at the juncture of molecular and environmental exposure biology and statistical 
and computational methods. The two primary goals of the Program are:

• To train collaborative scientists to pursue methodological research that is rooted in, 
and helps to answer, complex analytic problems that stem from studies into human 
environmental exposures and genetic susceptibility to complex diseases

• To instigate research that cuts across scientific disciplines, especially in genetics and 
the various ‘omics’, as a result of new methodologies that make new insights into 
environmental exposures in both laboratory and population sciences
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