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Propased mechanisms of HZE particle radiation-induced destruction of ovarian follicles.

HZE particles such as oxygen and iron fons can directly ionize DNA causing DNA strand breaks (such as double strand breaks identified by
yH2AX immunostaining). Irradiation with HZE particles also results in generation of reactive oxygen and nitrogen species (ROS and RNS),
which react with cellular macromolecules causing nitroxidative damage to lipids (¢.g. 4-hydroxynonenal, 4-HNE), proteins (e.g. nitrotyrosine,
NTY)and DNA. These insults lead to activation of apoptosis by upregulation of proapoptotic BCL2 family proteins such as PUMA and
ultimately activation of caspase 3 in oocytes and granulosa cells of ovarian follcles at all stages of folliculogenesis. Destruction of the
irmeplaceable primordial follicke pool causes premature ovarian filure with increased serum LH and FSH concentrations due to loss of ovarian
negative feedback.

HZE particles
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Proposed mechanis f HZE particle radiation-induced d

jon of testicular germ cells.

HZE particles such as carbon and iron ioas can directly ionize DNA causing DNA damage, which leads to increased levels of p33. Iadiation

with HZE partcls alo resalts in genertion of reactive axygen and nitrogen specics (ROS and RNS), which react withcellular macromolecules,

including DNA. These insults lead to acivation of apoptasis by upregulation of prcapoptotic BCL2 family proteins such as BAX and ulimately

activation of caspase 3 and apaptotic death of differentiati
irmadiation, and therefore spermatogenesis eventually

ll. Spermatogonial stem cells are relatively resstan o destruction by HZE

vers, Oxidative dammage also activates protective mechanists such as upregulation of
the transcription factor NRF2 and it target antioxidant genes, which might limit damage.
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