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In NASA space missions about 15% of astronauts are women, and women made up half of the 2013 NASA Astronaut
Class. Normal uterine structure and function is required for a healthy pregnancy and optimal development and
subsequent health of the offspring. Uterine function in adults is largely regulated by ovarian steroid hormones secreted
from the growing pool of follicles. Recently we have shown that exposure to charged particles induces premature ovarian
failure and ovarian cancer in mice. Radiotherapy for the treatment of cancer and/or atomic bomb survivors in Japan have
been shown to alter the uterine functions and uterine tumor. However, risks of uterine exposure to galactic cosmic rays
and solar particle events during space missions remain completely unknown. Based on epidemiological data and
situation in the space, we have hypothesized that charged particles alter uterine function. To understand the acute
exposure of charged particles on the uterine functions, uterine samples were collected from three-month-old female
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mice (C57BL/6J) exposed to low dose (0, 5, 30, and 50 cGy; n=8/treatment) iron at 6 h, 1 wk and 8 wks after

irradiation. Two groups were irradiated at the highest dose for each of the two charged particles, one fed AIN-93M

chow and the other fed the same chow supplemented with 150 mg/kg chow of the antioxidant alpha lipoic acid began one
week before irradiation and continued until sacrifice.

To understand the chronic effects of charged particles on the uterine functions, uterine samples were collected from
three-month-old female mice (C57BL/6J) exposed to low dose (0 and 50 cGy; n=15/treatment) iron at 15 months after
irradiation. Average uterine weight remained unchanged among the treatment at 6 h, 1 wk, and 8 wks after radiation. At
15 months after radiation, average uterine weight was significantly decreased in 50 cGy treated mice (108.8+31.6 mg)
compared to control (198+50.8 mg).

To understand the acute effects of charged particles radiation on the uterus, uterine histomorphology were analyzed
using H&E stained slides. At 6 h and 1 wks, uterine morphology was normal among the treatment but it was quite
abnormal at 8 wks after radiation. Most importantly, luminal epithelial layer had decreased the number of epithelial
cells, and many of them had the abnormal shape. Furthermore, the number uterine glands were significantly decreased,
and the number of cystic glands was decreased in 50 cGy irradiated mice compared to control.

To delineate the primary mechanism involved in the damage of uterine lumen, the DNA double-strand breaks in the
luminal epithelial were analyzed using gH2AX immunostaining. Histone 2Ax protein gets phosphorylated in response to
DNA double-strand breaks. Percentage of gH2AX was significantly higher in 50 cGy treated mice compared to control.
The mice supplemented with alpha lipoic acid along with 50 cGy had similar uterine morphology and gH2AX
immunostaining as seen for 50 cGy iron alone.

In conclusion, our study suggests that charged iron particles radiation damages the luminal and glandular epithelial
which are essential for the embryo implantation and placental development for the successful gestation.

Women are not only exposed to charged particles during space missions but also during cancer radiotherapy. Recently
charged particle radiotherapy with proton and carbon ions are being used to treat cancer. However, there were no prior
studies of the effects of charged particle therapy on reproductive tissues. Our study is therefore also relevant to
understanding potential side effects of charged particle therapy on the uterus.

Aim 1: Acute exposure to low dose HZE particles induces uterine oxidative stress and alters pregnancy outcomes.
Three-month-old female mice (C57BL/6J from Jackson Labs) were exposed to low dose (0 and 50 cGy; n=8/treatment)
iron (LET = 179 KeV/um) at an energy of 600 MeV/u. Two groups were irradiated at the highest dose for each of the
two charged particles, one fed AIN-93M chow and the other fed the same chow supplemented with 150 mg/kg chow of
the antioxidant alpha lipoic acid. Uteri were collected at 6 h, 1 wk, and 8 wks after irradiation. At 6 h and 1 wk time
point, mice were sacrificed without knowing the stage of the estrous cycle. At 8 wks time-point, mice were sacrificed at
the metestrus stage of the cycle to avoid cycle-stage related variations in reproductive hormones. To understand the
effects of charged particles radiation on the uterus, average uterine weight at 6 h, 1wk, and 8wks after IR were analyzed.
Average uterine weight remained unchanged among the treatment at 6 h, 1 wk, and 8 wks after radiation suggesting that
charged particle exposure does not effect on uterine mass. To understand the acute effects of charged particles radiation
on the uterus, uterine histomorphology was analyzed using H&E stained slides. At 6 h and 1 wks, uterine morphology
was normal among the treatment, but it was quite abnormal at 8 wks after radiation. Most importantly, the luminal
epithelial layer had decreased the number of epithelial cells, and many of them had an abnormal shape. Furthermore,
the number of uterine glands were significantly decreased, and the number of cystic glands was decreased in 50 cGy
irradiated mice compared to control. To delineate the primary mechanism involved in the damage of uterine lumen, the
DNA double-strand breaks in the luminal epithelial were analyzed using gH2AX immunostaining. Histone 2Ax protein
gets phosphorylated in response to DNA double-strand breaks. Percentage of gH2AX was significantly higher in 50 cGy
treated mice compared to control. The mice supplemented with alpha lipoic acid along with 50 cGy had similar uterine
morphology and gH2AX immunostaining as seen for 50 cGy iron alone.

Aim 2: Exposure to charged particles causes uterine cancer. Three-month-old female mice of two strains, one thought to
be sensitive to radiation-induced tumors (B6C3F1) and one thought to be less sensitive to radiation-induced tumors
(C57BL/6J) were exposed to low dose (0 and 50 cGy; n=15/treatment) iron (LET = 179 keV/um) and aged to 18
months. Uteri were collected at 15 months after irradiation. These tissues were fixed with 4% PFA or 10% Formalin for
histomorphology and immunohistochemistry analysis. At 15 months after radiation, average uterine weight was
significantly decreased in 50 cGy treated mice (108.8+31.6 mg) compare to control (198+50.8 mg) in both strains of
mice.
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