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Executive Summary

Sperm mRNA as a Biomarker of Testicular Toxicity

Background: For the past 50 years there has been a rise in incidence of male reproductive disorders including low sperm counts, infertility, cryptorchidism, hypospadias, and testicular cancer. The rapid industrialization of the 20th century and the introduction of thousands of synthetic chemicals into the environment are seen as major causes for non-genetic male reproductive disease. Numerous epidemiologic studies have linked specific toxicants with testicular disorders, leading to the hypothesis known as the testicular dysgenesis syndrome. The testis is composed of seminiferous tubules in which spermatogenesis takes place. Sertoli cells line the epithelium of the tubules and have the integral function of supporting and regulating germ cell development. Spermatogenesis is a process organized into three developmental phases: proliferaive, meiotic, and spermiogenic, where diploid spermatogonia eventually give rise to haploid spermatozoa. Untranslated mRNA in sperm can serve as a “footprint” of spermatogenesis because many of the transcripts are involved in transcription, cell proliferation, and signal transduction. Sperm protamine-1(PRM1) and bcl2 mRNA have been found in elevated amounts in infertile men. Protamine-1 replaces histones in chromatin condensation, and bcl2 is an apoptosis antagonist. 2,5-Hexanedione is a Sertoli cell toxicant and metabolite of n-hexane, an industrial solvent. It causes germ cell loss and testicular atrophy via the mechanism of altered microtubule assembly. The aim of my study was to examine whether sperm mRNA could be a reliable biomarker of testicular toxicity by comparing alterations in sperm mRNA with functional and histological endpoints of toxicity to 2,5-hexanedione exposure.

Materials and Methods: Adult male rats were exposed to 0.33% 2,5-HD in drinking water for 9 weeks (n=10), and compared to controls (n=10). Testis and caput epididymal sperm counts were performed, and tissue sections were cut for histological analysis. Cauda epididymal sperm were isolated, RNA was extracted, and processed for quantitative RT-PCR to determine the expression of PRM1 and bcl2.

Results: Rats in the treatment group had significantly lower body weight, lower caput epididymis weight, and lower testis spermatid head counts. Histological analysis showed mild focal atrophy and spermatid head retention in the treatment group. Quantitative RT-PCR showed an increase in sperm mRNA for PRM1 and bcl2 in rats exposed to 2,5-HD.

Discussion: The increased sperm mRNA for both genes is consistent with previous human studies, and shows that sperm mRNA is a biomarker of testicular toxicity. This elevated mRNA content could be the result of abnormal mRNA retention and disturbed protein translation, or an adaptive response of the germ cells to Sertoli cell 2,5-HD-induced toxicity. As a biomarker of testicular toxicity, sperm mRNA has significant implications for public health programs as a biomonitoring tool.
Future Directions: This experiment should be repeated with a lower dose but longer exposure duration to induce minimal testicular injury. Other toxicants with different cellular targets should be explored to examine target-dependent differences in sperm mRNA content. Because this study was performed on adult rats and would be most translatable to adult men, a different experiment could be conducted with in utero exposures to explore the TDS hypothesis. Adult sperm mRNA content could be evaluated after a prenatal exposure to a toxicant to test for long lasting effects.

