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Objective:
Chromosomal aneuploidy in embryos is a major contributing factor to infertility and miscarriage.
Preimplantation genetic testing for aneuploidy (PGT-A), which involves the biopsy of a few embryonic cells
followed by analysis using next-generation sequencing (NGS), has been shown to improve implantation
rates and reduce miscarriage rates. However, even among euploid embryos, implantation and miscarriage
rates remain at 60-70% and 10%, respectively, and these outcomes vary widely across assisted
reproductive technology (ART) facilities. This raises concerns that the invasive nature of embryo biopsy
may negatively affect clinical outcomes.
Recent efforts, including our own, have explored non-invasive PGT-A (niPGT-A) using cell-free DNA
(cfDNA) collected from spent embryo culture media. While promising, niPGT-A has not yet achieved
widespread adoption due to low concordance with biopsy-based PGT-A results, primarily because of
contamination with maternal somatic DNA. To overcome this limitation, the present study aims to develop
a novel aneuploidy detection system by comprehensively analyzing cell-free RNA (cfRNA) in spent culture

media and applying machine learning-based classification algorithms.

Methods:

A total of 100 discarded human blastocysts (day 5—6) were used. To minimize contamination from maternal
somatic cells, the zona pellucida was removed prior to culture. Each blastocyst was cultured in 30 pL of
fresh medium for 24 hours, after which both the embryo and its corresponding culture medium were
collected as paired samples. PGT-A was performed using standard biopsy techniques. Total RNA was
extracted from both the embryos and the culture media. Embryos were classified based on PGT-A results
into euploid, aneuploid, and mosaic groups. Complementary DNA (cDNA) was synthesized from total RNA
using the NSR (Not-So-Random) priming method. Sequencing libraries were prepared, and paired-end 150

bp RNA-seq was performed. Only samples with >1 million reads were included in the final analysis.

Findings and Implications:

The origin of cell-free RNA (cfRNA) in human embryo culture media remains largely unexplored.
Transcriptomic analysis of ¢cfRNA in this study revealed that its presence in the culture medium is not
merely a passive consequence of cellular damage but rather reflects a regulated and active secretion

process. This observation represents a significant insight in the field of life sciences.

Using a subset of long non-coding RNAs (IncRNAs) that showed distinct expression patterns in aneuploid
embryos, we developed a machine learning model for identifying transferable embryos. The integration of
cfRNA profiling with machine learning to construct a diagnostic system for assessing embryo viability can
be considered a pioneering technological innovation. Furthermore, we were able to reconstruct a
measurement platform that holds promise for reducing assay costs and facilitating clinical implementation.
If this low-invasive and technically robust diagnostic method can be established for clinical use, it may pave
the way for future commercialization and real-world application in infertility treatment. Ultimately, by
minimizing the invasiveness of embryo biopsy, this approach may enhance pregnancy rates, reduce

miscarriage rates, and alleviate the burden on embryologists.



