Rapid protocol for preconception genetic diagnosis of single gene mutations by first polar body analysis: a possible solution for the Italian patients
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Abstract

Introduction: After approval of Law 40/2004, preimplantation genetic diagnosis (PGD) on embryos is forbidden in Italy. The only option for at risk couples for prevention of genetic diseases is first polar body (1PB) testing, but before oocyte fertilization (so called preconception genetic diagnosis, PCGD), provided that results of genetic testing are available within a reasonable time to prevent in-vitro ageing of the oocytes. In fact, there is only a very narrow window of time available for PCGD, but if the 1PB biopsy is performed soon after oocyte collection and follows a rapid diagnostic protocol, ICSI could be carried out according to the results of the genetic analysis.

The existing protocols for 1PB testing, implying a long time to complete the procedure ((9-16 h), have been applied only after ICSI (so called pre-embryonic genetic diagnosis). These protocols are not appropriate for the Italian situation because, due to the restrictions imposed by the new regulation, transfer of all resulting embryos after fertilization is mandatory.
Here, we present the optimization of a rapid protocol for diagnosis of single gene mutations of maternal origin on 1PBs, capable of producing results within just 4 hours, making it realistic to fertilize the oocytes predicted to be free of mutation within a timeframe compatible with a late ICSI ((6 h after oocytes collection).
Material & methods: A linkage analysis-based approach, involving a fluorescent multiplex PCR of short tandem repeat (STR) markers, linked to the disease causing genes, was used to ascertain the presence of the haplotype associated with the maternal mutation. The procedure was adapted for diagnosis of cystic fibrosis (CF) and β-thalassemia (βT) mutations, the two most common genetic diseases in the Italian population. A panel of 6 closely linked highly polymorphic STR markers was studied for each gene, to ensure a sufficient informativity in all cases. The co-amplification of several markers also increases the assay accuracy, by allowing the detection of potential allele drop-out (ADO) occurring in multiple markers, which would lead to diagnose a recombinant heterozygous oocyte as hemizygous. Direct detection, by fluorescent PCR, of DeltaF-508 mutation was also included in the multiplex PCR protocol for CF. An automated workstation was used to increase the rapidity and precision of all manipulation, including pipetting for PCR reagents, dispensing and sample preparation.
Results: A total of 258 single lymphocytes and 147 1PBs, obtained from 16 couples, were individually tested with the two different multiplex PCR protocols, amounting to a total of 2627 loci analysed. Each multiplex was successfully adapted in both cell types, showing high overall amplification rates (ranging from 92.3% to 96.7%). A high rate of cells with a complete profile (90.3% for βT and 87.5% for CF) has also been achieved. A reliable haplotype was obtained in 100% of the cells with positive amplification. The ADO rates of the individual markers varied from 2.0% to 8.7%. First PBs showed a high recombination rate for both CF (56.2%) and βT (61.1%) genes.
Conclusions: The preliminary results demonstrate the feasibility and reliability of our rapid protocol of PCGD on 1PBs. However, some limitations must be considered: 1PB testing only provides information about the maternal genotype; moreover, the high recombination rate found greatly reduces the number of oocytes available for selection, as a consequence a good ovarian reserve is a main requirement to achieve a successful cycle. Despite that, this PCGD approach might represent a valuable alternative to PGD for Italian couples at genetic risk, that have been forced to seek a PGD treatment abroad to circumvent restrictions of Italian law, by resorting to so-called ‘reproductive tourism’. Our protocol can also give hopes to many couples which are unable to obtain that service abroad because of the limited economic means.
