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Introduction: Combination antiretroviral therapy (cART) has significantly reduced vertical transmission of HIV-1 and is routinely administered to pregnant women living with HIV (Mtintsilana et al, 2023). However, increasing clinical evidence links in utero cART exposure to adverse pregnancy outcomes, including preeclampsia, preterm birth, low birth weight, and small-for-gestational-age neonates (Asferie et al, 2025; Duffy et al, 2024). Despite these associations, the molecular mechanisms by which cART may contribute to placental dysfunction remain incompletely understood (Barrett, et al, 2014; Kalk, et al; 2020).
Aim: This study aimed to elucidate the impact of cART regimens on mitochondrial function, cell cycle regulation, and apoptosis in human trophoblast cells, a key component of placental development.
Methods: An in vitro model employing the HTR-8/SVneo cell line, derived from first-trimester human extravillous trophoblasts, was used to assess the effects of cART drugs. Cells were exposed to first-line (Atripla: tenofovir 0.983–9.83 µM, emtricitabine 0.809–8.09 µM, efavirenz 0.19–1.09 µM) and second-line (Aluvia: zidovudine 1.12 µM, lamivudine 0.65–6.5 µM, lopinavir 0.32–3.2 µM, ritonavir 0.69–6.9 µM) cART components for 24, 48, 72, and 96 hours. Mitochondrial DNA (mtDNA) content was quantified via quantitative PCR (qPCR) by calculating the ratio of mitochondrial NADH dehydrogenase 2 (mtND2) to 18S rRNA. Apoptotic activity was evaluated using Caspase-Glo® assays for caspase-3 and caspase-9. Cell cycle distribution was analysed through flow cytometry, while the expression levels of checkpoint kinases Chk1 and Chk2 were determined by Western blotting.
Results: Exposure to both first- and second-line cART drugs resulted in a significant, dose-dependent reduction in mtDNA content. Cell cycle analysis revealed arrest at specific checkpoints, accompanied by a downregulation of checkpoint kinases Chk1 and Chk2. Additionally, caspase-3 and -9 activities were significantly elevated in treated cells compared to untreated controls, indicating induction of apoptosis.
Discussion: Our findings demonstrated that cART exposure disrupts mitochondrial homeostasis, impairs cell cycle progression, downregulates checkpoint kinase signalling, and promotes apoptosis in trophoblast cells. These molecular perturbations may underlie placental insufficiency and contribute to the increased incidence of adverse pregnancy outcomes observed in HIV-positive women receiving antiretroviral therapy.
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