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3-D-bioprinted placenta could lead to new
treatments for preeclampsia

May 18 2016

Preeclampsia is a pregnancy complication involving the placenta that can
be serious—even fatal—for the mother or fetus. The only effective
treatment option is premature delivery. Now for the first time, scientists
have bioprinted a 3-D model of placenta tissue that mimics the organ's
complex structure. The model, reported in the journal ACS Biomaterials
Science & Engineering, could lead to a better understanding of
preeclampsia and the development of new treatments.

During pregnancy, the placenta plays the critical role of nourishing the
fetus. Special cells called trophoblasts contribute to the fetal side of the
placenta and interlace with the mother's side of the tissue. Some studies
suggest that in preeclampsia—which affects about 3 to 5 percent of all
pregnancies in the U.S., according to the National Institutes of
Health—trophoblasts don't migrate normally. Investigating why this
happens is a major challenge. Placenta tissue contains multiple
components, and recreating it in the lab for study is difficult. Current lab
models are two-dimensional and oversimplify the organ. John P. Fisher,
Che-Ying Kuo and colleagues wanted to come up with a way to better
represent the placenta's complexity.

The researchers turned to 3-D bioprinting to develop a more accurate
model of placenta tissue including trophoblasts, epidermal growth
factor—a substance that plays a role in placental development—and
other key components. The growth factor diffused outward through the
printed tissue from the center, and the trophoblasts migrated toward it,
mimicking cell movement in real tissue. In addition to using their 3-D
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model for studying the development of preeclampsia, the researchers say
the demonstration of trophoblast migration toward the growth factor
shows the usefulness of factors to augment cell migration.

More information: Che-Ying Kuo et al. Development of a 3D
Printed, Bioengineered Placenta Model to Evaluate the Role of
Trophoblast Migration in Preeclampsia, ACS Biomaterials Science &
Engineering (2016). DOI: 10.1021/acsbiomaterials.6b00031

Abstract

Preeclampsia (PE) is a leading cause of maternal and perinatal morbidity
and mortality. Current research suggests that the impaired trophoblastic
invasion of maternal spiral arteries contributes significantly to the
development of PE. However, the pathobiology of PE remains poorly
understood, and there is a lack of treatment options largely due to
ineffective experimental models. Utilizing the capability of bioprinting
and shear wave elastography, we developed a 3D, bioengineered placenta
model (BPM) to study and quantify cell migration. Through BPM, we
evaluated the effect of epidermal growth factor (EGF) on the migratory
behavior of trophoblast and human mesenchymal stem cells. Our results
demonstrate a positive correlation between cell migration rates and EGF
concentration. These results indicate that a feasible ex vivo placental
model can be bioprinted to examine cellular, molecular, and
pharmacologic interactions. In addition, EGF clearly affects the celluar
migration, a potential therapeutic agent to treat preeclampsia. We
envision that our ex vivo tissue modeling approach can be readily
transferred to study other normal biologic and abnormal pathologic
processes such as fibroblast migration in wound healing and stem cell
homing.
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