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1. Research Content

Taking into account the main spectrum of characteristics of the environmental and occupational
health hazards related to EMF exposure, the main bands of electromagnetic pollution, which are
50-400 Hz or extremely low frequency (daily and industrial use of electricity), and 900-2500MHz
or radio frequency (the main communication bands), were selected as the principal objects of
study for this project. Focusing on the key scientific issues to be resolved, the following research
is intended to be undertaken:

1. Study EM energy conversion in biological tissues and the mechanisms of cell sensitivity
to EMF:

(O According to the characteristics of EMF, and dielectric constants, conductivity and other
electromagnetic parameters of biological tissue, build appropriate source models and simulation
models for human, animal and cellular studies; use the combination of methods of electromagnetic
theoretical calculations and measurements, reveal the characteristics of EMF absorption,
dissipation rules, and distribution characteristics of EMF dose in biological tissue, and propose
new dose indication and measurement methods for EMF biological effects.

@ By starting from the microscopic structure of cells and conformation of biological
macromolecules, study the EMF effects on gap junctional intercellular communication (GJIC),
micro-conformation of key signaling molecules in membrane receptors (EGFR etc.) and biological
electrical signal transfer processes, and clarify the biophysical basis of EMF cell responses.

(® Through using Raman and infrared spectroscopy detection techniques, analyze the
characteristics of different types of cells responding to EMF, and moreover use proteomics, gene
manipulation methods etc., and reveal the molecular basis of sensitivity differences in cells
responding to EMF, from apoptosis and cell cycle regulation, cell signal transduction, to oxidative
and free radical damage etc.

2. Study EMF sensitive organs and the laws and mechanisms of genetic damage effects:

@ By building uniform models for experimental animal and cell injury studies, combining
techniques such as behavior, morphology, molecular biology and electrophysiology, study
time/dose-effects of reversible and irreversible damage on function, morphology, and metabolism
of the central nervous system, determine the damage threshold; start from plasticity change of
nervous system’s structure and function, to research cell and molecular biological mechanisms of
EMF-induced abnormalities in cognitive functions and neural development.

2 From metabolic changes in hormones, germ cell development and fertilization processes, to
analyzing the characteristics and mechanisms of EMF-induced injury in the reproductive system.
(® From different levels such as: the structure and numerical changes in chromosomes, gene
mutation, deletion and amplification, characteristics of DNA damage, epigenetic factors etc., to
the study of the effects and mechanisms of EMF-induced genetic damage.

3. Study characteristics of population level health hazards and EMF hazard monitoring:

O By selecting groups exposed to specific environmental and occupational EMF, study
multi-center large-scale population epidemiology to understand the characteristics of occupational
and environmental EM exposure, reveal the characteristics of EMF health hazards in the
population level, analyze the relationship between occupational and environmental EMF exposure
and related diseases, and clarify the risks by occupational and environmental EMF exposure.

@ Based on experimental animal models and high-risk groups by occupational exposure, study
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the relationship between EMF exposure and neurocognitive, reproductive impairment and genetic
susceptibility, and understand the interaction between EMF exposure and genetic susceptibility,
and analyze the contribution of independent and combined effects.

3 Focus on monitoring and evaluating nervous and reproductive health effects in the population,
based on clarified injury characteristics and mechanisms; select biomarkers for monitoring the
EMF health hazards mainly from biochemical, cytological markers etc., in the peripheral blood;
and verify the markers’ specificity and sensitivity in the population exposed to environmental and
occupational EMF .
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2. Targets

2.1 Main objectives of the project

1. Adhere to interdisciplinary studies, based on clarifying the mechanisms of the EMF health
hazards, in order to provide pertinent medical protection strategies. From the three different levels
of cells, organ tissues and population, take biological tissue receptors and mechanisms of action
response to EMF as a breakthrough, study the laws of perception, absorption, transformation, and
transmission of EMF energy in cells and tissues, reveal the biological basis and molecular
mechanisms of EMF damage sensitivity in the nervous system, the reproductive system, identify
clear genetic damage effects due to long-term low-dose EMF, and set biomarkers for population
level damage effects and indicators for risk monitoring and evaluation. Aim to make new
breakthroughs for our research in EMF biological effects and hazards control.

2. Promote the development of EMF biology and related disciplines in China; develop large
quantities of high-level young scientists, and create a multi-disciplinary, internationally

competitive research team to keep our individual features and leading advantages in this field.

2.2 Five-year targets

1. Establish the methods and technology platform for quantitative detection of absorbed dose in
biological tissues. Make biological dose characterization for electromagnetic energy absorption in
tissue, establish calculation methods for distribution of EMF energy in tissue, and build
high-precision electromagnetic simulation models of the human body. The establishment of these
models and methods are the basis for achieving a unified research method for the study of EMF
biological effects.

2. Clarify the mechanisms of EMF introduced injury in nervous, reproduction, and hereditary
systems. Reveal the key molecular events in cell signal transfer system change, important
functional gene expression and protein spectrum change, during sensitive tissue organ damaging
processes, and clarify the mechanisms of EMF induced genetic damage receptors and effects, in
order to help to provide medical control of EMF hazards.

3. Propose scientific evidence for monitoring and evaluation systems of human health hazards
due to EMF. Determine the EMF health risk level in China, find the sensitive biomarkers for EMF
monitoring, and establish evaluation index systems with the core content as injury markers
validated at the population level.

4. Generate a number of innovative research results. Through the project study, publish 100-120
papers in the SCI journals with international impact, obtain 8—10 invention patents.

5. Promote research bases and personnel training. Through this research project, construct 3-5
Electromagnetic Biology Research Centers, train 1-2 distinguished Professors for the “Changjiang
Scholars Program”, get 1-2 winners of National Outstanding Youth Science Foundation, 10-20
Postdocs, 60-80 PhDs, and 100120 Masters degrees.
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3. Research Program

3.1 General idea

3.1.1 Academic idea

The contents of this project are the major scientific issues related with the EMF damage effects
and hazards control. Based on interdisciplinary techniques, the main research topics are set to
reveal the following: biological tissue and cell response to the physical signals of EMF;
conversion, transfer and dosimetry measurement of EMF energy in biological tissue; related
damage in sensitive tissues and cells; characteristics and risks in population health hazards; risk
biomarkers, and risk monitoring and evaluation; and consider these common scientific problems
from various fields such as physics, biology, medicine. From various aspects, set research contents
and tasks, focus on combination of effects observation and study of mechanisms, observe the
general effects from the macro level, and molecular and cellular effects from micro level, reveal
the rules and characteristics of the health hazards effects caused by EMF, and establish the
scientific basis for EMF health hazards control. Based on the above guiding principles, the idea of
the overall project study is shown in Figure 1.

3.1.2 Technical approach

(O  Strictly design and control exposure parameters and exposure conditions. In different
laboratories/centers of the participants in this project, select the same biological object for research
(including animals and cells), use the same physical parameters of EMF exposure, copy
environmental and occupational exposure models, by combination of physical indicators and
biological indicators, combination of theoretical calculations and measurements, achieve the
quantification, standardization and uniformity of the physical dose, the biological absorbed dose,
and the effects indicators for observation EMF exposure from multi-laboratory/centers study of
the project, in order to ensure the scientific, reliability and repeatability of the research results
from different laboratories/centers .

@ Use EMF sources from different bands, use exposure methods replicating experimental
models for different species of animals and cultured cells in vitro, simulate environmental and
occupational exposure conditions according to the experiment requirements. At different time
points after exposure, take the biological samples from whole animal, tissue and organs, cells etc.,
test and analyze different effect indicators, compare the characteristics of EMF effects from
different frequencies.

(® Integrate different techniques such as proteomic/genetic manipulation, and bioinformatics
techniques, analyze important molecular events caused by EMF exposure in the whole body, cell
and molecular level, find molecular markers sensitive to EMF damage at different levels, through
the regulation gene and protein expression, explore the relationship between changes of important
functional genes/protein, and the biological effects, clarify targets of prevention and control of

medical hazards.

3.1.3 Feasibility analysis
@  Good foundation for completing the research project
In the past two decades, China has gradually formed its own advantages and characteristics in the
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research area of EMF biological effects and their mechanisms, and hazard control research. Some
researchers’ level and contributions have taken an important place in the international frontier, and
this has laid a good working basis for further research in the project. The selection of the project’s
main research contents has taken full account of the characteristics and advantages that China has.
The main responsible scientists and its laboratories have relative scales and have achieved
excellent scientific research results, which have the high quality research conditions for this
project.

2 Multidisciplinary scientific research team in the area of physics, life sciences

An additional emphasis is that this project includes the key research groups of China in the area of
EMF biological effects and hazard control, the main academic groups and researchers have
already built good cooperative relations in this area. In the past two decades, they have active
collaborations in application for various types of joint research projects, co-sponsoring
international academic conferences, mutually using laboratories, researchers and other key aspects.
The project research team stands in the international academic cutting-edge, based on rigorous and
realistic multi-disciplinary study, contains mainly outstanding young researchers, most of whom
have overseas study experience and have achieved good performance in these fields.

® Good supporting conditions for completing the research project

There is a difference between EMF biological research and other biomedical research in general.
Other than the support conditions for biomedical research, it also needs EMF exposure sources
with different physical parameters, and corresponding conditions for physical parameters
detection and EMF shielding. The project has four key national research laboratories and ten
provincial (military) key laboratories as participators, including key research groups of China in
this field, and the supporting conditions and technology platforms for the completion of this study.
Therefore, major equipment purchase is not required for the completion of this research project.

@ A smooth channel for international cooperation and exchanges

The project’s commitment uses established long-term partnerships in varioius disciplines with a
number of laboratories in United States and Japan, which will ensure the synchronization of the

research with the developments in the international frontier.

3.2 Innovation and features

(O Interdisciplinary integration to solve major scientific issues in the research of EMF effects
Over the past decade, the rapid development of life sciences has attracted a large number of
physicists entering the research of this field. In the field of physics for EMF biological research,
the concentration was on the micro-level observation of the EMF influence on the status and
movements of electrons, charged ions, atoms, molecules, and the changes in structure,
conformation, configuration of biological macromolecules caused by these effects. In addition,
mathematical models were built for these physical processes, which simply introduced the means
and methods of inorganic substances research into and complex research of living systems. The
obtained results often lacked an organic link between the mechanism and effect, and did not
integrate enough with the life sciences.

On the other hand, in the field of life sciences, although a lot of research and observations have
been done for the EMF biological effects at all levels of the organism, it lacked an in-depth review

of primary physical processes and the laws of biological effects, such as biological, physical
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processes of EMF perception, which are difficult to analyze in a unified biological dose dimension
for the results obtained by biological effects research.

In order to overcome these deficiencies and technical difficulties in the fields of biology research,
a deeper level and a wider range of cross-integration between physics and life sciences are
urgently needed. Aiming at the complexity and specialty of the technical conditions of the
research subjects, the project implements the technology strategy of integrated physics, biology
and medicine to study in-depth the EMF health hazard effects. It has very strong innovation in

research ideas, research tools, and research contents.

@ Concentrate on the dose-response of the biologically damaging effects, and quantification
research of EMF biological damaging effects

First of all, measure with a unified dimension of physics for exposure conditions, find the rules of
the complex relationship of frequency band and effect, and simplify it to find the relationship
between the spectrum of characteristics of the biological injury effects and physical parameters of
EMF; secondly, in the study of biological effects, if uniform biological dose units can be used to
characterize the intensity of exposure, EMF damage thresholds in the different levels, such as cell,
organ and body, will be determined, which clarify the dose range for EMF exposure, and set the
scientific basis for further formulating standards for safe exposure.

(® Combine with our existing features and advantages, to discover the new breakthrough

The scientific issues and research contents of this project are the international frontier of the EMF
biological effects and hazards prevention and control. More importantly, based on our existing
research in this field, we can possibly make a new breakthrough by further development.

For example, deepening the research in the measurement of changes of EM properties, EMF
energy conversion process in biological tissue, combining the primary physical processes and
biological effects research, taking the EM properties change of biological tissues in vivo as the
indications for EM energy conversion and distribution in the body, revealing the biophysical
mechanisms of health hazards effects, we may make the breakthrough in solving absorbed dose in
the tissues; ...

@ Combine micro and macro, make the innovative prevention strategies for the electromagnetic

radiation hazards
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3.3 Tasks

Task 1: The electromagnetic energy conversion in biological tissues and
biological dosimetry study

Targets:

1. Clarify the electromagnetic exposure influence on living tissue and cell’s electromagnetic
properties;

2. Reveal absorption and distribution rules of the electromagnetic radiation energy in biological
tissue, and realize high-precise calculation, modeling and simulation;

3. Establish tissue electromagnetic absorption dosimetry measurement.

Studies:

1. Study dielectric properties of living tissues and biological cells

Use dielectrophoresis and characterization of dielectric spectroscopy measurement methods to
study polarization, conductivity, loss effect, and dielectric spectral characteristics of living tissues
and cells in the EMF environment. From the dielectric physics point of view, establish a physical
model of EMF interaction with living tissue and cells, and establish a multi-band dielectric
properties database for different tissues, make dielectric characterization evaluation methods for
cells, tissues biological effects under accelerated exposure.

2. Study EM energy absorption and distribution in tissue

Consistent with media which has equivalent electromagnetic parameters of human and simulation
model, build a high-precision electromagnetic resonator test system, load EMF with different
frequencies, intensities and other physical parameters, accurately measure the absorption,
consumption and distribution of EMF in the equivalent body parts, and achieve EM simulation for
energy absorption and distribution in tissues. Based on the experimental study and theoretical
analysis, build a biophysical model of human tissue under EMF exposure, and reveal the
relationship between the biological effects and the electromagnetic energy absorption and
distribution in body.

3. Study dosimetry measurement methods of EM energy absorption in tissue

Use the improved calculation methods such as FDTD and FEM, based on the calculation of the
EMF energy absorption and dissipation in biological tissues, and the corresponding dose
distribution, use high-precision electric fields, magnetic field probes, and optical fiber sensors, to
accurately measure the internal dose distribution in the simulation model. Reveal the parameters
of environmental EMF, the relationship between EM properties of biological tissue and EMF dose
distribution, propose dose absorption index for biology EMF, and establish measurement methods.

Funding ratio: 14.5%

Research groups: East China Normal University, Xi’an Jiaotong University, University of
Electronic Science and Technology

Project Leader: Shude Chen

Academic supporters: Qiaodeng Jiang, Aici Qiu, Xiaofeng Pang, Lisheng Zhong
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Task 2: The cell sensitivity in responding to electromagnetic fields and its
underlying mechanisms

Targets:

1. Specify the EMF sensitivity of the important functional cells, determine the dose-response
relationships, and specify the damage thresholds;

2. Study the molecular mechanisms of cell injury caused by EMF by means of studies in cell

signal transduction pathways and the important functional proteins.

Studies:

1. Study in EMF perception at the cellular level and its mechanisms

Techniques of Raman spectroscopy and infrared spectroscopy spectrum detection technology are
to be used to test the changes at cellular levels after exogenous EMF exposure in key intracellular
micro-structures and biological macromolecules such as cell gap junctions, epidermal growth
factor receptor, and cell membrane lipid bilayer, etc., (which are closely related to the perception
and transmission of EMF);

Techniques of SQUID (highly sensitive superconducting quantum interference device) and MRI
(magnetic resonance imaging) are to be used to study EMF effects on the formation and
distribution of endogenous magnetic particles (Fe;O,) in the brain.

Techniques such as ultra-low-light detection technology, electron spin resonance (ESR)
technology, and nano-probe technology, etc., are to be used to declare EMF effects on activities of
some special enzymes (eg, Na +-K +-ATPase, FOF1-ATPase) , the intracellular receptors of EMF
and its mechanism .

2.  EMF sensitivity of different types of cells

Typical cells in systems sensitive to EMF exposures such as neurons and glial cells in the nervous
system, trophoblasts and germ cells in the reproductive system, dendritic cells and T cells in the
immune system, and epithelial cells of lens in the visual system, etc., are selected to test biological
endpoints of early markers of DNA double-strand breaks, y-H2AX foci formation, cell
proliferation and apoptosis, and changes in cell cycles. These biological endpoints are further
studied in dose-response relationships and thresholds of EMF damage.

3. Study in mechanisms of the cell sensitivity difference to EMF

Biological endpoints of the expression of important functional proteins and anti-oxidation are to
be studied in the exploration of the mechanism of cell sensitivity differences to EMF.

Techniques of two-dimensional electrophoresis of protein (2-D) technology and mass
spectrometry are to be used to analyze the expressions of proteins in cells with different
sensitivities to EMF. EMF sensitivities of cells are to be determined by the kinds and abundances
of proteins expressed after EMF exposure.

Techniques of ESR (electron spin-trap), ECD (electrochemical detector), and DCFH-DA probe
technology are to be used to detect the formations of free radicals (oxygen free radicals and
hydroxyl radicals), the activities of enzymes in the anti-oxidative system, the changes and
regulations of the intracellular anti-oxidative system after EMF exposure in cells with different
EMF sensitivities.

Funding ratio: 17.5%

Research groups: Zhejiang University, Institute of Electrical Engineering Chinese Academy of
Sciences, Beijing University of Technology
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Project Leader: Xu Zhengping
Academic supporters: Song Tao, Zeng Qunli, Wu Shuicai, Dai Daoxin

Task 3: The effects of electromagnetic fields on the central nervous system
Targets:

1. Determine the threshold of irreversible damage effects of EMF on cognitive functions and the
development of the nervous system;

2. Reveal the biological mechanisms of EMF damage effects on neural circuits and synapses
involved with brain cognitive functions;

3. Reveal the mechanisms of EMF effects on developmental retardation in the nervous system at

the cellular and molecular levels.

Studies:

1. Study the threshold of irreversible damage in the development of cognitive function, and
nervous system due to EM radiation

To determine the threshold levels of irreversible effects on cognitive functions after exposures to
various EMF with different frequencies, intensities, periods, and distances, dynamic functional
changes in various structures of key cells and nuclei in important brain areas (such as neocortex,
entorhinal cortex and hippocampus, etc.), which are responsible for cognitive functions, and their
relation with cognitive functions are to be studied using a combination of neurobehavior,
neuromorphology, neuro-electrophysiology, cerebral functional imaging and biochemistry
approaches.

To determine the threshold levels of irreversible EMF effects on developments of the nervous
system, developmental changes (period E12.5-P30) in morphology and functions of white matter
of neocortex, hippocampus, cerebellar cortex and cerebral cortex are to be observed in
experimental animals.

In addition, seriousness of damages in related brain area is to be examined when animals are
mature (P60).

2. Study mechanisms of EMF effects on neural circuits and synapses of cognitive functions

To study the mechanism of EMF effects on neural circuits, techniques of multi-channel electrical
activity recording, patch clamp recording techniques, two-photon imaging and cerebral functional
imaging and other techniques are to be used to test changes of neural circuits in important brain
areas (such as neocortex, entorhinal cortex and hippocampus, etc.) after EMF exposure, including
changes of signal transmission between major neurons, signal integration, electrical activity
oscillations, and the capacity of intervention.

To study the mechanisms of EMF effects on synapses and synaptic transmission, the following
biological effects are to be tested:

* changes of synaptic structure and functions in neural circuits involving with cognitive
functions which are sensitive to EMF exposures;

*  changes in branches of synaptic terminals, cycling of synaptic vesicles, branches of dentrites,
number and complexity of dendritic spines;

* changes in the number and state of the key functional receptor channels (such as
voltage-gated potassium, calcium channels, etc.), passive and active properties of membranes,

information integration capabilities of dendrites, as well as changes in expressions and functions
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of the key molecules (such as synapsin I, synapse-associated protein 25 and the postsynaptic
density protein 95, etc.) which are closely related to the plasticity of synapses in synaptogenesis;
In addition, specific antagonists or inhibitors (including si-RNA interference) are to be used to

measure adverse EMF effects on cognitive functions caused by auto-reactive molecules.

3. Study the mechanism of EMF effects on developmental disorders of the nervous system

To observe the key intracellular events (including neuron axon guidance, dendritic maturation, cell
polarity, neuronal migration, synapse formation and maturation, brain neural stem cell
proliferation and changes of directed differentiation) in different developmental periods (E12.5 to
P30) of the neural system in the neocortex, hippocampus, cerebellum, cortex, subcortical white
matter and other brain regions after EMF exposure, and techniques in neuromorphology,
biochemistry molecular biology and whole embryo culture etc., are to be used to test abnormalities
in the above mentioned events and their relations with histological structure in development as
well as disorders in behavior;

On this basis, relevant key molecules (such as netrin, Wnt, sonic hedgehog, NATRE, cytoskeletal
proteins, etc.) in these typical intracellular events are to be tested to see EMF effects on the
correlation of their expression with abnormal changes in developmental histological structure of

related brain areas and disorders of behavior.

Funding ratio: 15.5%

Research group: Fudan University, Third Military Medical University, East China Normal
University,

Project Leader: Mei Yanai

Academic supporters: Xia Ruohong, Zhao Bingaiao, Hu Zhian, Hu Changlong

Task 4: The effects of electromagnetic fields on the reproduction system

Targets:

1. Define the frequency-effect and dose-response between EMF and reproductive damage
effects;

2. Define the EMF hazard-effects and the mechanisms on sex hormone metabolism, sperm
development, and fertilization.

Studies:

1. Study EMF effects and mechanisms on sex hormone metabolism

Use animal model exposure to different frequencies of EMF, start from the dose-response
relationship, followed by the main thread as hypothalamus - pituitary - gonadal axis, study the
effects and mechanisms of the hypothalamus - pituitary hormones (gonadotropin-releasing
hormone, follicle-stimulating hormone, luteinizing EPO, etc.), sex hormones and derivatives
(testosterone, DHEA, estradiol, estrone, etc.), sex hormone metabolism protein and key enzymes
(sex hormone binding globulin,17-a hydroxylase, steroid dehydrogenation enzymes etc.).
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2. Study EMF effects and mechanisms of sperm development and regulation

From the changes in the male gonadal axis, testosterone and other sex hormone secretion and
regulation, macrophages secretion and regulation etc., study how EMF affects the generation and
development of sperm; establish primary culture system in vitro for germ cells, observe EMF
impact on function of germ cells during development; start from multiple epistasis relevant to
germ cell development in regulating pathway, select spermatogenesis-related genes, such as
regulation genes, environmental response genes, nuclear receptor genes, oxidative stress genes and
hormone receptor-related gene, as the candidate genes, make large-sample, large-scale analyses of
SNPs. Study the EMF effects on important signal transduction pathways related to the regulation
of germ cell (G protein/protein tyrosine kinase signal transduction system, Wnt/PI3K/GSK3p,
JAK / STATs signal transduction system), reveal the molecular mechanisms and signal of the
EMF damage effects in the reproductive transduction mechanism, in various sectors such as:
membrane receptors, cytoplasmic receptors, cytoplasmic signal transduction proteins, nuclear

receptors and protein activation, translocation, inactivation.

3. Study EMF effects and mechanisms on fertilization and development of fertilized eggs

Research the three main steps in the fertilization process: the sperm-egg recognition, sperm-egg
binding and sperm-egg plasma membrane fusion, to study the EMF effects on sperm membrane
proteins expression (such as: sperm in ADAM category, lzumo protein, DE/CRISP1 protein and
Equatorin, FAP - 1, MA - 24, MH61, FLB1) and sperm-egg plasma membrane fusion, and to
observe EMF effect on protein related with the acrosome reaction and signal transduction pathway
(such as G protein-coupled signal transduction, receptor tyrosine kinase (RTK) pathway); study
EMF effects on Ca2 + ion channels in membrane and intracellular Ca2 + concentration of sperm
cells and egg cell, restructuring and distribution of cytoskeleton, as well as the epigenetic changes
in DNA methylation and histone modifications, reveal EMF effects on the fertilization and

activation of the egg cell, and its molecular mechanisms.

Funding ratio: 17.5%

Research group: Third Military Medical University, China, Fourth Military Medical University,
China, Suzhou University

Project Leader: Guo Chen

Academic supporters: Tong Jian, Yang Hua, Zeng Lihua, Li Jing

Task 5: The genetic effects of electromagnetic fields

Targets:

1. Reveal the genetic effects due to EMF, from the three levels of experimental animals,
important functional cells and biological macromolecules;

2. Clarify the genetic damage sites and mechanisms of epigenetic damage due to EMF, from
different levels such as chromosomes, genes and the genome, and DNA;

3. Clarify whether the EMF has carcinogenic effects on malignant transformation.
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Studies:

1. Study damage effects and sites on genetic material due to EMF

According to the latest guidelines of International Coordinating Committee on genetic toxicology
evaluation, from five genetics’ endpoints such as: changes in integrity of DNA (the formation of
DNA adducts, breaks, or cross-links), DNA rearrangement and exchange, gene mutations,
chromosome aberrations, chromosome segregation and changes, comprehensively test the EMF
damage effects in genetic, and assess the genetic effects. Based on this, use advanced technologies
such as multi-color chromosome probes fluorescence, in situ hybridization, evaluation systems for
micro-nuclear cell genomics, and transgenic animals; evaluate EMF-induced abnormal changes in
chromosomes: structure and numeric changes, aneuploid formation, genome deletion and
amplification, DNA breakage and reorganization, DNA damage and repair, microsatellite
instability and genomic instability; study EMF induced mutations of susceptibility gene, such as
type, frequency, and hot spots of possible mutation, make initial description of the mutations
spectrum due to EMF induced genetic damage, and select specific injury sites of mutation effects
caused by EMF.

2. Study EMF epigenetic effects

Based on cell model in vivo and in vitro, analyze histone modification enzymes, chromatin
remodeling complexes, histone variants and DNA methylase, methylated DNA binding protein
etc., clarify the modifying or effecting pathway of EMF induced epigenetic changes. Using
high-throughput measurement techniques, such as quantitative mass spectrometry analysis,
genome-wide methylation analysis, real-time PCR technology for transcriptome analysis, mainly
find out the EMF effects on the genome methylation, and key genes and their functions, which are
clone-related and regulated by methylation, and initially reveal the characteristics and molecular
mechanisms of EMF effects on the epigenetic.

3. Study EMF-induced neoplastic transformation and its mechanisms

Use embryonic cells of human and animal, and adult stem cells culture techniques in vitro,
evaluate the effects on malignant transformation and tumorigenesis by the long-term low-dose
response EMF, observe the EMF effects on the biological behavior such as: stem cell growth,
proliferation, differentiation, cell cycle, apoptosis, migration, colony formation, tumorigenicity
and metastasis potential, analyze gene expression and epigenetic changes in chromosome
tumor-suppressing and tumor-promoting, explore the genetic abnormalities in the main process as
malignant transformations. Furthermore, use transgenic animal models (knock in / out), make
major response gene function studies, and clarify the molecular mechanisms of the carcinogenic
effects due to EMF.

Funding ratio: 14.5%

Research group: Third Military Medical University, China, Fourth Military Medical University,
China, Industry and Information Technology Telecommunications Research Institute

Project Leader: Cao Jia

Academic supporters: Zhang Shaoxiang, Ding Guirong, Zhou Zhou, Wu Tongning
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Task 6: Health risk assessment of electromagnetic fields

Targets:

1. Based on large sample population epidemiological studies, clarify the status of EMF health
hazards in China, and define health risk under occupational and environmental EMF exposure;

2. Reveal the relationship between EMF-induced health hazards and population genetic
susceptibility, analyze the interaction between EMF exposure and genetic susceptibility, and
clarify the contribution in independent and combined effects;

3. Propose the biomarkers for EMF hazards monitoring, and verify its specificity and sensitivity.

Studies:

1. Analyze characteristics and risks of population health hazards due to EMF

In Beijing, Shanghai, Chongqing, Xi’an and other cities, select groups exposed to specific
environmental and occupational EMF to build multi-center large-scale epidemiological studies.
Carry out epidemiological investigation among people under occupational exposure; take cases
within community groups and groups under occupational exposure, make case-control studies, as
well as make evaluations of the characteristics of environmental EMF exposure, and assessments
in bio-dosimetry, population nervous and reproductive genetics related projects, clarify the status
of population health hazards in China due to occupational and environmental EMF exposure,
further analyze the correlation between occupational and environmental EMF exposure with
abnormalities in nervous and reproductive genetics, and define the risks of different exposures.
Combining with the tertiary prevention strategies of China in disease prevention and control,
discuss how to early intervene and control EMF hazards in the population level during primary
prevention and secondary prevention, to achieve EMF health hazards monitoring and evaluation
based on biological markers. On this basis, launch a population cohort study of occupational and
environmental EMF exposure in China, establishing the scientific basis for monitoring and
protection long-term EMF health hazards.

2. Study correlation degrees of EMF health hazards effects with genetic susceptibility

Select a population exposed to occupational and environmental EMF, set the nervous system and
reproductive impairment as the target, use the ILLUMINA genetic analysis system which has
high-throughput genotyping capacity, to study polymorphisms of the critical environmental
response genes (such as DNA damage repair, oxidative stress key regulatory genes, free radical
metabolism-related genes, etc.) in the population, through establishing mathematical models to
analyze the interaction between the environment and genes, clarify the mode of interaction
between genetic factors and environmental factors, and explore the risk factors and protective
factors of EMF introduced damage in nervous and reproductive functions. Integrate the
information of genetic polymorphism, genetic damage biomarkers, molecular mutation spectrum,
dose-response relationship and different biological materials, experiment with technical conditions,
establish biological databases, and initially propose the susceptibility genes for predicting,
identifying and monitoring EMF hazard effects in the nervous and reproductive systems.

3. Study biomarkers for EMF hazards

Based on the preliminary studies, select effect markers that can reflect the characteristics of EMF
health hazards and with a significant dose-response as well. At the population level, focus on
cytological and biochemical markers in the peripheral blood and body fluids which can reflect the

damage in the nervous and reproductive systems, and non-invasive indicators for functional



Z5 Bl : 20.5%

AEREN FEARBRESE=ZFEEKRZ, IIK¥, dFEARBHEESEES
M=Zb

REARA : REF

FRET  REE., #HAF, HEL. #HXE

FIRBEEE X R

I B MRE SRR BHNZRR BEFERNRRE T ANEEEN I
M XEHFRARMANEERAEEAERZINRE (IREEKRRALTHE ). RE—
“EYA LA BHERRREEYHEN B MR AREMBRZIFE
EFMWR RESKAYMEZNENZN 5 ERRAAN BRES KB R
MY REESEHENEETEYERARE, ¥k, FENTRE  KEBH
BHRESEMNNEMMENG , AXANELENEZRMIHNERRERER
R = B RS N PR E RGN RO RN K EYEFSMIRE N B
SEERERNENENR N RMNEHERNRITRBRBNBESREATF ,
BrEHENBRSRERMBRED FIH , AEBEES 5 BRMEENK
R, BAURGEE; RELEHMEHNEEMNRIERE EELDERHE
BEEHMENRERSEABRENNX —RBENZRENLORNREE -5
FHENB REEESRESEINE , RENEHEHNERERES I LN
B R E AT R B E B MRENTER EH 5 B iE SRR EV IR Bt
+ ERARKY | EERBAHXIENFERX —BAR , IRRELREES
REENNENIREY  BREEEHEHNEEEEINNERE BURREK
E, " EEEHERRREENGEMaEENZEM,

R — > R
—— 4PEREBERER «———  @RRBEITNN
S5&£mHSNETR SERUTR
0

A

REBAMHEERRRE




assessment of tissues organs and biomarkers in screening technology, and further validate
sensitivity and specificity of these biomarkers in monitoring and assessing the health hazards in
the population under occupational electromagnetic exposure.

Funding ratio: 20.5%

Research group: Third Military Medical University, China, Zhejiang University, Academy of
Military Medical Sciences Military, China

Project Leader: Yu Zhengping

Academic supporters: Yu Yunxian, Hu Xiangjun, Yang Guoshan, Sun Wenjun

The relationship between the tasks

The research project focuses on key scientific issues to be solved, which contain six relatively
independent tasks but are mutually related by contents and targets (the relationship between these
tasks is shown below). Task 1 “The electromagnetic energy conversion of biological tissues and
biological dosimetry study” and Task 2 “The cell sensitivity in responding to electromagnetic
fields and its underlying mechanisms” study the characteristics and mechanisms of the body
responding to EMF, based on methods combining physics and biology, explore the biophysical
mechanisms of EMF health effects and understand its relationship and interaction with biomedical
injury mechanisms, by focusing absorption, conversion, and transfer processes of EMF energy in
vivo; Task 3 “The effects of electromagnetic fields on the central nervous system and its
mechanisms” and Task 4 “The effects of electromagnetic fields on the reproduction system” start
from the organs and systems which are most sensitive to EMF damage, to reveal the
characteristics and molecular mechanisms of the damage in EMF sensitive organs, clarify the
dose-response of the damage caused by EMF, and establish the damage threshold; Task 5 “The
genetic effects of electromagnetic fields” focuses on the critical scientific issues and public
concerns of whether long-term low-intensity EMF exposure has genetic effects, further verify and
reveal the mechanism of EMF health hazards; Task 6 “Health risk assessment of electromagnetic
fields and research in risk monitoring” is based on the five tasks above to study the mechanisms of
EMF health hazards from different levels, aiming to propose a targeted protection method at
population level, study and propose biomarkers for EMF hazard monitoring, reveal the status and
characteristics of EMF health hazards, clarify the health risk, and establish the scientific basis for
integrated control of EMF health hazards.

Task 1. _ = Task 2.
= Electromagnetic energy The cell sensitivity in responsing _
conversion in biological tissues % to electromagnetic fields and its
and the measurement of biological underlying mechanisms
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