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This grant was submitted in order to complete the project originally begun by Dr. Randy Jirtle at
Duke University. Dr. Jirtle continued to work on this project through his appointment as a
Visiting Professor/Scientist at the University of Wisconsin-Madison, Department of Oncology.
Dr. Michael Gould, from this same department, headed the completion of the project as PI.
Together Drs. Gould and Jirtle worked with Jill Haag at the University of WI-Madison to
complete Specific Aim 3 of this project during the final year of funding.

PROJECT NARRATIVE:

The overall hypothesis of this grant application is that the adaptive responses elicited by low
dose ionizing radiation (LDIR) result in part from heritable DNA methylation changes in the
epigenome. In the final budget period at the University of Wisconsin-Madison, we will
specifically address this hypothesis by determining if the epigenetically labile, differentially
methylated regions (DMRSs) that regulate parental-specific expression of imprinted genes are
deregulated in agouti mice by low dose radiation exposure during gestation. This information is
particularly important to ascertain given the 1) increased human exposure to medical sources of
radiation; 2) increased number of people predicted to live and work in space; and 3) enhanced
citizen concern about radiation exposure from nuclear power plant accidents and terrorist ‘dirty
bombs.’

PERSONNEL

Michael N. Gould PI 10% salary/fb
Randy L. Jirtle Scientist 25% salary/tb
Jill D. Haag Researcher 50% salary/fb

DOE SUMMARY

« We transferred Dr. Jirtle’s viable yellow agouti (A*¥/a) mice to UW-Madison, and established
a breeding colony, along with rederiving the A"%/a mice, and establishing an independent
breeding colony in a Level 1 specific pathogen free facility at WIMR.

+ We tested and improved the PCR based genetic screening for the agouti mice that allowed
us to create and derive a line of AY/A"Y homozygous mice.

s The AY/AY homozygous male mice were used to generate A*"/a offspring more efficiently in
the studies designed to reproduce some of the experimental data that Dr. Jirtle previously
published in 2013 (1).

+ We used the following protocol at UW-Madison to reproduce data published by Dr. Jirtle.

» AYWAY homozygous males X a/a (C57BL/6J) female mice consuming Teklad
TD.95092 diet were bred overnight. Teklad TD.95092 replaces soybean oil with
7% corn oil to reduce effects of isoflavones (i.e. genistein) on the A%/a
phenotypes (2).

» Detection of vaginal plugs the next morning was determined to be day 0.5.

» Pregnant females were irradiated with 3.0 cGy intra-uterine dose at day 4.5
gestation in a XRAD irradiator at the WIMR facility or sham-irradiated.

» Approximately 1 week after irradiation, the pregnant female mice were
transported to the MSC facility where the Gould lab was located.



» Dates of birth and number of pups per litter were recorded.

» At 23 days of age (+/- 2 days), each offspring (A%/a) was euthanized, sexed,
scored for coat color, and liver tissue were collected and frozen in liquid nitrogen
for future DNA analysis.

» Coat color classifications used:
¢ CC5 = pseudoagouti or >95% brown
¢ CC4 = heavily mottled or 60-95% brown
¢ CC3 = mottled or ~50% brown
¢ CC2 =slightly mottled or 5-40% brown
¢ CC1 = yellow or <5% brown

« We confirmed the following effects of in utero low dose ionizing radiation exposure on the

coat color of A¥/a mice.
» There was a doubling in the percentage of pseudoagouti mice (CC5 — Brown)
when A%/a mice were exposed in utero to 3.0 cGy of low LET radiation (Table 1).
This finding is consistent with that previously reported (1).

Table 1: Effect of LDIR on the coat color of A"/a offspring.

Sham 3.0 cGy

Irradiation
All Mice n=7/52 n=8/31
CC5 - Brown 13% 26%
Males n=4/25 n=4/12
CC5 - Brown 16% 33%
Females n=3/27 n=4/19
CC5 - Brown 11% 21%

» There was also evidence that the effect of radiation on the incidence of
pseudoagouti mice (CC5 — Brown) is more pronounced in male than in female
offspring (Table 1), as previously demonstrated (1).

We demonstrated that a maintenance diet containing soybean oil (Teklad 8604 Diet)
increased the incidence of pseudoagouti offspring (CC5 — Brown) when compared to that
obtained when the mothers ate a diet where the soybean oil was replaced with corn olil
(Teklad TD.95092 Diet) (Table 2). This is consistent with the finding that maternal dietary
genistein supplementation of mice during gestation shifts the coat color of AW/a offspring
toward pseudoagouti by modifying the fetal epigenome (2).

Table 2: Effect of maternal diet on the coat color of A%/a offspring.

Teklad Teklad

8604 Diet TD.95092 Diet
All Mice n=13/46 n=7/52
CC5 - Brown 28% 13%
All Mice n=2/46 n=7/52
CC1-Yellow | 4% 13%

We investigated the effect of LDIR on the methylation status of the DMRs regulating
imprinting of Nnat, Peg3, and Igf2/H19 in male A"/a mice. We chose these genes because
the inherited DMRs are known, and these imprinted genes play a critical role in metabolism,

neurodevelopment, cognition, and behavioral formation (3-5); they are also dysregulated in
cancer (6-8).



We demonstrated for the first time that exposure to LDIR significantly decreased the
average DNA methylation of the DMRs that control genomic imprinting of Peg3, and
Igf2/H19 in male A%W/a offspring by 5 and 3 percent, respectively (Figure 1), while the
methylation status of the Nnat DMR was unaltered. The effects of LDIR on DNA methylation
of Peg3 and Igf2/H19 is opposite of that previously observed at the Agouti locus (1). Thus,
LDIR results in both increased and decreased methylation of gene regulatory elements;
however, the effect of these alterations in DMR methylation on gene transcription and
phenotype are presently unknown. A manuscript describing these results in detail is in
preparation.
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Figure 1. Average methylation at the differentially methylated regions (DMRs) that regulate
imprinted expression of Nnat, Peg3 and 1gf2/H19 in the liver of male A"/a mice. Percent DNA
methylation was the average of CpG sites in the DMRs (Nnat, 4 CpG sites; Peg3, 12 CpG sites;
and Ifg2/H19, 4 CpG sites). Error bars, SEM; (*, p<0.01)
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