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Pregnancy complications, such as hypertension, diabetes, infections, and congenital anomalies,
pose significant risks to maternal and fetal health.! Current diagnostic methods often fail to
detect these conditions early, underscoring the need for advanced screening tools. Extracellular
vesicles (EVs) have emerged as promising biomarkers for pregnancy-related conditions, acting
as liquid biopsies detectable from the first trimester.”> However, their isolation remains
challenging due to their small size and heterogeneity. To address this, we developed a highly
sensitive screening sensor utilizing superparamagnetic mesoporous flower-shaped nickel
ferrites (SMNFs) for rapid EV isolation and detection (Figure 1).> Targeted Multiple Reaction
Monitoring (MRM) of CD9 and Placental Alkaline Phosphatase (PLAP) proteins in circulating
EVs from maternal plasma (<18 weeks gestation) identified distinct expression patterns linked
to pregnancy complications. Using a classification model trained and validated on patient data,
we achieved >90% accuracy in distinguishing high-risk pregnancies from normal cases. The
SMNFs’ flower-like flakes provide an enhanced surface for antibody loading, enabling efficient
EV capture (CD9+ve/PLAP+ve) on a 4-flex glass strip sensor. This nanosensor offers a simple,
cost-effective, and highly sensitive nanozymatic readout using minimal chemistry. Applied to
plasma or EV samples, the system demonstrated a sensitivity of 95% and specificity of 100%
for identifying women at risk of gestational diabetes mellitus. This innovative nanoplatform
has strong translational potential for early clinical screening of pregnancy complications,
offering a robust, non-invasive, and cost-effective diagnostic solution.
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Figure 1 (10 pt, bold): SMNF-based 4-flex glass nanosensor for PLAP+ EVs isolation and detection. (a) direct
isolation of PIAP*"¢ using anti-PIAP modified SMNFs; (b) schematic representation of the assay on the 4-flex
glass sensor.
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