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Extensive research conducted over the past decade has revealed the extraordinary complexity and
importance of small RNA pathways in the control of normal development, tissue function and
pathologic states, including cellular responses to toxic injury. The majority of this work has
focused on changes mediated by the class of small RNAs known as microRNAs (miRNAs),
which are single-stranded oligoribonucleotides 19-22 residues in length. MiRNAs mediate their
effects by post-transcriptionally targeting specific mRNAs based on complementarity with
sequences in the mRNA target. These interactions require microRNA binding to a protein
complex known as the RNA-induced silencing complex (RISC), leading to mRNA destruction or
translational suppression. More recently, an additional class of small RNAs known as “PIWI-
interacting RNAs” (piRNAs) has been implicated in biological processes including reproduction,
stem cell biology and cancer. This small RNA pathway utilizes related proteins, known as PIWI
proteins, and is best recognized as a genome defense mechanism against retrotransposon
expression, although some specific roles in mRNA targeting have recently been proposed.
Through binding to retrotransposon or mRNA targets, piIRNA/PIWI complexes facilitate RNA
decay. In addition, piRNA complexes with PIWIs appear to regulate DNA and histone
methylation at specific loci, facilitating epigenetic regulation.

Research in my laboratory has focused on each of these small RNA pathways, primarily in the
context of reproduction. Next generation sequencing (NGS) of small RNAs present in animal
gametes and gonads has revealed both static and dynamic populations of small RNAs.
MicroRNAs including miR-21 and members of the let-7 family are highly abundant in the oocyte,
testes and early embryos of one or more species. In the oocyte, miR-21 expression markedly
increases during oocyte maturation and early phases of embryo development. Functional studies
in vitro suggest that this is likely mediated through SMAD and STAT3 binding sites in the
promoter of the precursor (primary) miR-21 sequence. Investigation of cellular targets strongly
supports previous studies implicating miR-21 in the control of apoptosis pathways. In addition to
microRNAs, large numbers of piRNAs were identified in the NGS data. In order to further
examine their functions, we mapped the piRNAs to the genome revealing numerous
retrotransposon and mRNA sequences. piRNA levels were correlated with turnover of these
targets, suggesting important roles in mRNA turnover in gametes and embryos. Finally, we
cloned the major PIWI proteins from multiple species in order to characterize their functions in
reproduction and cancer. Taken together, our studies implicate small RNA pathways as key
regulators of cellular function in gametes and embryos that have the potential to become
dysregulated in diseases such as cancer.



