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Cellular, Molecular Signaling and Gehetic Alterations After High-
Peak Power Pulsed and Ultrawideband Radio Frequency
Radiation Exposure

Abstract

The most significant finding occurred after exposure of human 244B lymphoblastoid
cells to a high-peak power pulsed ultrawideband transmitted electric field (UWB TEMF)
signal, which had given a wide array of largely negative results. The UWB TEMF
exposure (average peak power, 100 kV/m; average pulse width, 780 ps) duration was 90
min (intermittent). The UWB TEMF did not cause an alteration in cell cycle distribution,
stabilization of the p53 gene or transactivation of p53 target genes. There was no loss of
mitochondrial membrane potential or release of cytochrome C into the cytosol at 6 hr
post-exposure (i.e., no apoptosis). However, at 2 hr a number of gene increases and
decreases were détected (12,000 gene microarray system). This suggests that the cells
were capable of “sensing” the pulsed UWB TEMF. While the induction of the gene
transcription factor NF-kB was observed, no evidence was obtained for downstream
activity. The UWB TEMF signal may be necessary, but not sufficient to cause
coordinated downstream events. FDTD analysis was performed to determine the doses
for exposure of ‘Célls in suspension or surface attached. An unexpected distribution of

energy in the medium is described.
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11.  Key Findings/Results/Accomplishments:

PROJECT TITLE:

Effects of UWB Transmitted Electromagnetic Fields (TEMF) on Cell Cycle
Progression of Mammalian Cells

Lead Investigator: Bijaya K Nayak, PhD
Associated Investigators: Cynthia Galindo, Satnam P Mathur, Martin Meltz

For the summary of research in this area:
See the attached draft manuscript with the file name:

UWB TEMF cell cycle paper-revised June, 2004.doc

PROJECT TITLE:
Effects of UWB TEMF on p53 and transcription of its target genes

Lead Investigator: Bijaya K Nayak, PhD
Associated Investigators: Cynthia Galindo, Satnam P Mathur

Manuscript in Revision, Sept. 2004
See Attached Manuscript with Adobe Acrobat PDF File Name:

UWB TEMF Effect on Transcription of p53 and its Target Genes-In Rev
2004.pdf

PROJECT TITLE:

Effects of UWB TEMF on RNA transcription in mammalian cells assessed using
microarray (genomics) discovery methodology (12,000 human gene array)

Lead Investigator: Martin Meltz, PhD
Associated Investigators: Bijaya Nayak, Cynthia Galindo, Satnam Mathur

Objective:
The aim of the study was to compare the genomic profile of 244B cells exposed to UWB

EMR to mock exposed cells in order to determine if UWB exposure causes up-regulation
or down-regulation of any of 12,000 human genes.




Methodology:

The studies were performed in 244B human lymphoblastoid cells. The cells were
exposed to UWB EMR pulses intermittently for a total of 90 minutes (30 min on, 30 min
off). The UWB EMR pulses had an average peak amplitude of 100 kV/m, an average
pulse width of 0.80 ns, an average rise time of 200 ps, and a pulse repetition frequency of
250 pps. The frequencies ranged from D.C. to ~2 GHz. 12K human plastic microarrays
from Clontech were used.

RNA isolation was performed using TriZol following manufacturer’s directions. The
RNA pellet was treated with DNase. The RNA yield was determined by measuring Azeo
(1 Az unit of RNA = 40 pg/ml). The purity was calculated taking the Aje0/Azso ratio.
Pure RNA exhibits a ratio of 1.9-2.1. The quality of RNA was checked by electrophoresis
in 1% denaturing agarose gel. Poly A+ RNA enrichment was performed using magnetic
streptavidin beads and following manufacturer’s instructions. cDNA probe was
synthesized and the labeled cDNA from unincorporated 33p_labelled nucleotides and
small (<0.1 Kb) cDNA fragments was purified by column chromatography. cDNA
probes were hybridized to the plastic array overnight with continuous rocking at 60 deg
C. The membranes were then washed and exposed to phosphorimager screen suitable for
33p detection for 24 hours. The phosphorimager screen was scanned at a resolution of
50pm.

Analysis was performed using AtlasImage software v2.7 to compare treated to untreated
arrays.

The arrays were first aligned to the Grid Template in order to allow the software to
determine the location of all the genes on the array. After producing an overall alignment
that approximately matches the Grid Template to most of the genes, the alignment was
fine tuned in several different ways to ensure that there were no splotchy or uneven areas
in the array.

The aligned arrays were then normalized using global (default) method and user defined
housekeeping genes actin and GADPH. Ratio Threshold Value was set to 2 and the
Difference Threshold Value was set to 100. A report was generated of all the genes
which have met the defined criteria for inclusion onto the list as up-regulated or down-
regulated. '

The data analysis was put into spreadsheet tabular format.

Results:

For the 2 hr post exposure incubation, several genes were found to be different in treated
vs. sham exposed samples. B

The settings for comparison of two aligned arrays were 2.0 for fold ratio and 100 unit
difference in adjusted intensity. Only those genes which had both 2 fold ratio and 100
unit intensity difference were included in the report. We found 73 genes were up-




regulated and 30 genes were down-regulated using both of the user-defined conditions.
Of interest, several oncogenes were up-regulated: ret finger protein, r-ras (related RAS
viral oncogene), v-kit Hardy-Zuckerman 4 feline sarcoma viral oncogene homolog, met
proto-oncogene (hepatocyte growth factor receptor), v-erb-b2 erythroblastic leukemia
viral oncogene homolog 2, neuro/glioblator, glioma amplified on chromosome 1 protein
(leucine-rich). DNA repair associated genes were up-regulated as well: DNA
topoisomerase I alpha and Replication protein Al. Also of interest, some transcription
factors were down-regulated: CREB/ATF family transcnptlon factors and p300/CBP
associated factor.

For the 24 hr post exposure incubation, several genes were found to be different in treated
vs. sham exposed samples '

The settings for comparison of the two aligned arrays were 5.0 fold ratio with O unit
intensity difference and 3.0 fold ratio with 0 unit intensity difference. The 5 fold ratio
showed between 5 and 10 genes being up-regulated or down-regulated depending on
which of three different normalization methods were used. However, three genes were
common to each of the normalized methods. Those genes are RAB3A (member of RAS
oncogene family), perilipin, and immunoglobulin lambda joining 3. Using the same three
normalization methods and ratio set to 3.0 fold, there were between 28 and 40 genes up-
regulated. The three normalization methods had 22 genes in common as being up-
regulated or down-regulated.

UWB EMR Exposure, 24 hr time point

Analysis Report 1

No Normalization, Ratio=5, Difference=0

Ratio Protein/gene Accession
6.43  major histocompatibility complex, class I, A NM_002116
12.39 RAB3A, member RAS oncogene family NM_002866
5.64 ribosomal protein L19 : NM_000981
6.55 arylsulfatase A NM_000487
5.61 ribosomal protein L13a X56932
5.95 protein tyrosine phosphatase, non-receptor type 9 NM_002833
8.56 perilipin _ NM_002666
5.17  KIAA0907 protein NM_014949
5.35 pleiotropic regulator 1 (PRL1homolog, Arabidopsis) NM_002669
10.57 immunoglobulin lambda joining 3 NM_016934

Analysis Report 2

USER DEFINED NORMALIZATION, ACTIN (3 GENES) AND GAPDH (3 GENES)

Ratio Protein/gene Accession
5.42  major histocompatibility complex, class I, A NM_002116
10.44 RAB3A, member RAS oncogene family NM_002866
5.51 arylsulfatase A NM_000487
7.22 perilipin NM_002666
8.91  immunoglobulin lambda joining 3 NM_016934




Analysis Report 3
GLOBAL NORMALIZATION (SUM METHOD), Ratio=5, Difference=0

Ratio Protein/gene Accession
9.21 RAB3A, member RAS oncogene family NM_002866
special AT-rich sequence binding protein 1 (binds to nuclear matrix/scaffold-associating

0.18 DNA') M97287

0.19  cDNA Synthesis Control

0.20  non-functional folate binding protein NM_013307

6.37  perilipin NM_002666

7.87  immunoglobulin lambda joining 3 NM_016934
Conclusion:

The UWB EMR exposure appears to affect the 244B cells at gene level compared to
sham treated cells. By normalizing the screens using three different methods and then
making a list of the common genes, we are able to reduce the number of false positives
and false negatives. ‘

PROJECT TITLE:

Analytical Comparison of genomic data from the results of the UWB TEMF on
RNA transcription in 244B cells assessed using microarray (genomics) discovery
methodology

Lead Investigator: Cynthia Galindo, B.S. Martin Meltz, PhD
Associated Investigators: Bijaya Nayak, M. Meltz

244B cells exposed to UWB EMR at 200 pps were harvested at 24 hr post exposure. The
genomic profile from sham exposed cells was compared to that of UWB exposed cells.
[The results of the three (3) different normalization approaches appear in Appendix A]

Using three different normalization methods and two different user-defined cutoff
criteria, lists of genes were generated which met the defined criteria. The three different
normalization methods include: 1.) No normalization 2.) User Defined normalization
using selected Actin and GAPDH housekeeping genes and 3.) Global (default)
normalization method using the intensity of all the spots on the array.

First, the Ratio intensity was set to 3.0 fold and difference values of absolute values was
setto 0. For the no normalization method, the list includes 40 genes. The User defined
normalization method yielded a list of 31 genes. The global (default) normalization
method includes yielded a list of 28 genes. There are 22 genes in common between all
three of the analysis reports. The list of genes and whether or not the gene is up-
regulated or down-regulated compared to sham exposed controls is listed below. No
absolute values are listed because the absolute numerical values differed depending on
the normalization method.
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Gene Up- or Down-regulated

1. major histocompatibility complex, class I, A Up-regulated

2. RAB3A, member RAS oncogene family : Up-regulated

3. ribosomal protein L19 Up-regulated

4. special AT-rich sequence binding protein 1 Down-regulated

(binds to nuclear matrix/scaffold-associating DNA's)

5. ribosomal protein, large, PO Down-regulated
6. arylsulfatase A Up-regulated

7. alanyl (membrane) aminopeptidase (aminopeptidase N, Up-regulated

aminopeptidase M, microsomal aminopeptidase, CD13, p150)

8. ribosomal protein L13a Up-regulated

9. prothymosin, alpha (gene sequence 28) Down-regulated
10. MCM6 minichromosome maintenance deficient Down-regulated

6 (MIS5 homolog, S. pombe) (S. cerevisiae)

11. non-functional folate binding protein Down-regulated
12. AKAP-binding sperm protein ropporin _ Down-regulated
13. protein tyrosine phosphatase, non-receptor type 9 Up-regulated
14. perilipin Up-regulated
15. KIAA0907 protein Up-regulated
16. pleiotropic regulator 1 (PRL1homolog, Arabidopsis) Up-regulated
17. interleukin 2 receptor, gamma (severe combined immunodeficiency) Up-regulated
18. apoptosis inhibitor 5 Up-regulated
19. cytosolic ovarian carcinoma antigen 1 - Up-regulated
20. immunoglobulin lambda joining 3 Up-regulated
21. ribosomal protein S9 Up-regulated
22. caspase 9, apoptosis-related cysteine protease Down-regulated

The ratio intensity was changed to 5.0 fold and difference values of absolute values
remained set to 0. For the no normalization method, the list includes 10 genes. The
User defined normalization method yielded a list of 5 genes. The global (default)
normalization method includes yielded a list of 6 genes. There are 3 genes in common
between all three of the analysis reports. The list of genes and whether or not the gene is
up-regulated or down-regulated compared to controls is listed below. No absolute values
are listed because the absolute numerical values differed depending on the normalization

method.
Gene Up- or Down-regulated
1. RAB3A, member RAS oncogene family Up-regulated
2. perilipin Up-regulated
3. immunoglobulin lambda joining 3 Up-regulated
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PROJECT TITLE:

Determination of p53 protein stabilization, loss of mitochondrial membrane
potential, and release of cytochrome C into the cytosol in response to UWB EMR
exposure in human lymphoblastoid cells.

Lead Investigator: Bijaya K Nayak, PhD
Assistants: Cynthia Galindo, Satnam P Mathur

Objective:

The aim of the study was to determine the effect of ultrawideband electromagnetic
radiation (UWB EMR) exposure on p53 protein stabilization, loss in mitochondrial
membrane potential, and the release of cytochrome C into the cytoplasm, which are
molecular alterations associated either with induction of apoptosis or inhibition of cell
cycle progression when DNA is damaged.

Methods:

The studies were performed in 244B human lymphoblastoid cells and HL60cells. The
cells were exposed to UWB EMR pulses intermittently for a total of 90 minutes (30 min
on, 30 min off). The UWB EMR pulses had an average peak amplitude of 100 kV/m, an
average pulse width of 0.80 ns, an average rise time of 200 ps, and a pulse repetition
frequency of 250 pps. The frequencies ranged from D.C. to ~2 GHz. The stabilization of
p53 protein was examined by western blot analysis. The transactivation of p53 target
genes (p21, gadd45, Bax) was analyzed using the RNase protection assay. Further,
evidence of the induction of apoptosis in response to UWB EMR exposure was
determined by measuring a change in mitochondrial membrane potential using JC1
staining, and by detecting the release of cytochrome C into the cytoplasm (western blot
analysis).

Results:

The p53 protein was not stabilized after the UWB EMR exposure of the 244B cells, i.e.,
there was no increase in the p53 protein level as compared to the sham and incubator
control. There was no evidence of transcriptional induction of the p53 responsive genes
p21, gadd45, and Bax after the UWB EMR exposure. In the positive control cells
exposed to ionizing radiation, the p53 protein level was increased and there was an
induction of the p53 target genes p21 and Bax. These are molecular responses associated
with cell cycle arrest and apoptosis after this type of irradiation.

There was no loss of mitochondrial membrane potential and there was no release of
cytochrome C into the cytoplasm in response to UWB EMR exposures (suggesting that
apoptosis was not occurring), while in the positive control cells treated with staurosporine
(1 pg/ml), there was a loss of mitochondrial membrane potential accompanied with the
release of cytochrome C into the cytosol, indicating the onset of apoptosis.

12




Transcription of DNA Repair Genes

Cells: 244B
Exposure: HP UWB EMR

RNase Protection Assay
Control Sham UWB IR-5Gy

Determination of Mitochondrial Membrane Potential

Cells: 244B
Exposure: HP UWB EMR

Assay: JC1 Staining R1: Live cells

R2: Dead cells

UWB-EMR

R2: 14% " R2:13%
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Release of Cytochrome C into the Cytoplasm

Cells: 244B
Exposure: HP UWB EMR
Assay: 10 hrs post-exposure

Western Blot

Con Sham UWB STS
;. CytC

Conclusion:

The analysis of several different molecular parameters, such as p53 protein stabilization,
loss of mitochondrial membrane potential, and cytochrome C release into the cytosol,
indicates that after this type of UWB EMR exposure, induction of apoptosis and effects
on cell cycle progression in human lymphoblastoid cells do not occur. The evidence is
not supportive of the hypothesis that this type of exposure induces DNA strand breaks.

PROJECT TITLE:

NF-kB DNA-binding activity after High Peak Power Pulsed Microwave (8.2 GHz)
Exposure of Normal Human Monocytes

Lead Investigator: Mohan Natarajan, Ph.D.

Associated Investigators: BK Nayak, AL Pandeswara, FN Roldan, C Galindo, ML Meliz,
and S Mathur

This work has been published in Bioelectromagnetics 23:271 — 277 (2002).
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PROJECT TITLE:

Nuclear translocation and DNA-binding Activity of NF-kB upon ultra-wideband
electromagnetic radiation exposure fails to transactivate kB-dependent gene
expression in human monocytes

Lead Investigator: Mohan Natarajan, Ph.D.

Associated Investigators: B.K. Nayak, S.L. Pandeswara, F.N. Roldan, C. Galindo, M.L.
Meltz, S.P. Mathur

- This work has been submitted to Radiation Research (2004).
See Attached Manuscript with the File Name:

Draft Manus Nuclear Transloc of NF-kB in MMG6 cells after UWB EMR M
Natarajan Aug 31, 2004

PROJECT TITLE:

Dosimetry of UWB exposures of mammalian cells in tissue culture flasks positioned
vertically, and perpendicular to the direction of propagation of the signal in a
GTEMS cell. '

Lead Investigator at UTHSCSA: Martin L. Meltz

Associated Investigator: Satnam Mathur

Lead Investigator at Univ. of Wisconsin-Madison: Susan C. Hagness, Ph.D. (Via
subcontract), Department of Electrical and Computer Engineering

Associated Investigators: Zhen Ji (Post-doctoral Fellow) and John Booske

The first question raised, on behalf of the overall research project, was: What is the
exposure pattern for cells which are allowed to settle to the bottom of a partially
filled flask?

The second question raised, because of our desire to expose cells which grow surface
attached was: What is the exposure pattern for cells which are exposed surface
attached, with the T-25 flask filled with medium so that the cells will be kept wetted
during the UWB exposure in the GTEMS cell?

Also of importance was the additional question: Do the plastic of the walls of the T-25
flask, which were not modeled in the initial simulation, impact on the original
analysis?

The result was that they do not.
The Final Report for this project is presented in the attached power point

presentation, with notes attached.
The file name is: gtem UWB Dosimetry Final Report Aug 30, 2004 Hagness.ppt
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PROJECT TITLE:

RF Dosimetry and Temperature Distribution Analysis for performing 2.8 GHz High
Peak Power Narrowband RF exposures

Project Leader at UTHSCSA: Martin L. Meltz
Project Leader at Brooks City-Base: Stewart Allen

The result of this study is that it will now be possible to expose T-25 flasks, containing
either cells grown in suspension which have been allowed to settle, or cells grown surface
attached, to pulsed high peak power 2.8 GHz narrowband RF, where the SARS will be
known for each of the exposures to be performed.

The Final Report for this project is presented in the attached power point
presentation. _

The file name is:
2.8 GHz Narrowband Dosimetry Data Final Report Aug 30, 2004 S. Allen.ppt
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APPENDIX A
THREE DIFFERENT NORMALIZATION METHODS

APPLIED TO
244 B UWB EMR GENOMICS STUDY
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