Trypanosoma cruzi infection
in a three-dimensional model of the human placenta
1
Silberstein, Erica ; Kim, Kwang

Johns Hopkins University

T. cruzi life cycle and transmission

Results
3D JEG-3 cells show morphological characteristics of
placental trophoblasts
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BACKGROUND: Trypanosoma cruzi (T. cruzi) is the etiological agent of Chagas
Disease (CD) that is transmitted to humans by infected triatomine bugs, blood
transfusion, organ transplantation, and from mother-to-baby. Approximately
300,000 T. cruzi-infected individuals live in US, with 63-315 congenital infections
reported annually. Given the successful screening of the blood supply that
significantly reduces the risk of transfusion transmitted CD, congenital
transmission is now considered an important route of CD spread in non-endemic
countries. The main cellular mechanisms that lead to fetal infection by T. cruzi,
despite the presence of a placental barrier, remain unclear. Mother-to-child
transmission most likely occurs when bloodstream trypomastigotes reach the
placental intervillous space and interact with the large cellular surface provided by
the trophoblasts. PURPOSE: Develop a three-dimensional culture system of
human trophoblasts to recreate the maternal-fetal interface and study the
mechanisms of T. cruzi vertical transmission. METHODS: JEG-3 trophoblast cells
were co-cultured with human brain microvascular endothelial cells on
microcarrier beads in a rotating bioreactor. 3D JEG-3 cell differentiation was
characterized using IFA, qRT-PCR and ELISA assays. Cells infected with labeled
parasites were analyzed by flow cytometry to quantitate the extent of the
infection. Parasite multiplication was measured using T. cruzi parasites expressing
nanoluciferase. RNASeq followed by transcriptome analysis was used to identify
differentially expressed genes. RESULTS: 3D culture of JEG-3 trophoblasts
promoted cell differentiation revealed by the formation of syncytia, production of
β human chorionic gonadotropin and up-regulation of human placental lactogen
mRNA. Further, 3D-grown JEG-3 cultures showed reduced susceptibility to T. cruzi
infection compared to JEG-3 cells grown in conventional culture flasks, suggesting
their intrinsic resistance to parasite infection. To identify cellular factors and
signaling pathways triggered in 3D JEG-3 cells exposed to parasites, we performed
gene and cytokine profiling experiments. Preliminary data indicate changes in the
expression of inflammatory chemokines and in genes involved in the innate
immune response. CONCLUSION: Our findings indicate that the 3D JEG-3 cells
culture system mimics the intrinsic resistance of the human placenta to pathogen
infections and will facilitate in-depth studies to better understand CD congenital
transmission and pathogenesis.
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Figure 1. Staining of actin filaments in monolayers of 2D JEG-3 cells (left) or 3D-cultured cells,
either detached from beads (center) or on 3D-grown spheroids (right).

Modified from Sci. Immunol. 2019, eaat6114

Rationale

3D-cultured JEG-3 cells express markers associated with
trophoblasts’ differentiation

• Flat two-dimensional (2D) cultures of a single cell type lack essential
features present in the native host microenvironment (architecture,
multicellular of complexity, gas and nutrient exchange).
• 3D cultures of the trophoblasts’ derived JEG-3 cell line exhibit
morphological features and secretory activities comparable to primary
human trophoblasts.
• 3D JEG-3 cells resist virus (Zika, VSV) and parasite (T. gondii) infections.
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Figure 2. A) ELISA assay for β human chorionic gonadotrophin (β hCG) from culture
supernatants of 3D cell cultures. B) qRT-PCR analysis of human placental lactogen (hPL)
mRNA from two independent vessels of spheroid cultures (3D) or conventional flasks of JEG3 cells (2D). C) Same as in B but for endothelial nitric oxide synthase (eNOS).
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Figure 6. Top enriched
canonical pathways following
T. cruzi infection
(TC T=3 vs. TC T=0) identified
by Ingenuity Pathway analysis.
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Figure 5. A) Principal component analysis plot generated from RNA-Seq data. B) Volcano
plot displaying differentially expressed genes between infected and non-infected cells.
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Figure 4. A) Experimental design. B) Cells were infected with T. cruzi-luminescent parasites
under static conditions. Nanoluciferase activity (RLU) was measured at 0, 1, and 3 dpi and
normalized to the number of live cells. Data are representative of three independent
experiments. 3D CM: 3D JEG-3 cells culture media; 2D CM: 2D JEG-3 cells culture media;
NCM: non-conditioned media.
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Figure 3. Cells were infected with T. cruzi-luminescent parasites under static conditions.
Nanoluciferase activity (RLU) was measured at 0, 1, and 3 dpi and normalized to the number
of live cells. . Data are representative of three independent experiments.

• We successfully established a 3D cell culture system of JEG-3 placental
trophoblasts.
• 3D JEG-3 cells expressed markers associated with trophoblasts’ differentiation
(multinucleated cells, β hCG, hPL and eNOS).
• 3D-grown trophoblast cultures are refractory to T. cruzi infection.
• This culture system could be used to study the critical role played by
trophoblasts in controlling congenital transmission of T. cruzi.

