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Evaluation of the effectiveness of flow cytometry in mixed semen samples
Fang-Chen Chung*, Chun A. Changou$, Yeh-Lin Lu$, Kuan-Miao Yeh*,Chun-Yen Lin*

*Forensic Biology Division, Institute of Forensic Medicine, Ministry of Justice

$Core Facility Center, Office of Research and Development, Taipei Medical University

The presence or absence of sperm cells is one of the key evidence in the detection
and investigation of sexual assault cases. Separating male sperm cells from female
epithelial cells in mixed samples and obtaining a higher concentration of suspect sperm
cells while reducing interference from female epithelial cells is one of the challenges
forensic scientist. In practical criminal cases involving sexual assault cases, the
conditions of mixed sperm cell samples from the female vagina are often less than ideal.
Factors such as postmortem changes, decomposition, or a small number of male sperm
cells within a background of a large amount of female epithelial cells further increase
the difficulty of analysis. Therefore, developing techniques with highly accurate and
effective cell separation is one of the challenges that forensic scientist must overcome
to clarify the case. Flow cytometry, which possesses the characteristic of cell separation,
can collect cells with high specificity, achieving the desired separation effect. These
characteristics can be utilized in the identification of samples containing female
epithelial cells and sperm cells in sexual assault cases. In this study, the mixture of
female oral epithelial cells and male sperm cells were prepared to simulate samples
from sexual assault cases, and flow cytometry analysis was performed on the samples.
The FSC (forward scatter) and SSC (side scatter) parameters of flow cytometry were
used for analysis. The results showed that there were two cell populations in the mixed
samples (located in regions R1 and R2), demonstrating that flow cytometry can indeed
classify mixed samples into distinct groups. Furthermore, in order to achieve significant
cell classification, this study evaluated several antibodies to enhance the cell
classification effect. CD52, ACRV1, MOSPD3, JLP, DEFB126, PH20, and ADAM?23
antibodies were selected to label male sperm cells, and the results showed that CD52
antibody labeling had the best effect (88.7% positive in region R2). CD324, CD326,
and CD227 antibodies were selected to label female oral epithelial cells, and the results
showed consistent effects for all three antibodies (positive rates in region R1 were
92.6%, 91.4%, and 92.2%, respectively). Additionally, mixtures containing different
amounts of male sperm cells were examined to evaluate the limitations of the flow

cytometry technique. It was found that when the sperm cell amount was below 1000,
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the positive signal of sperm cells was too low, which could potentially affect subsequent
DNA profiling analysis. Therefore, in addition to utilizing the differences in surface
antigens between male and female cells, this study also used parameters such as
differences in nucleic acid content and exclusion of the CD45 signal to improve the
classification of sperm cells and female cells in mixed samples, providing forensic
scientist with an additional reference method for detecting cases involving mixed sperm
cells in sexual assault cases.

Keywords : Flow cytometry, Sexual assault, sperm cells ,Mixed semen specimen,
epithelial cells
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