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Abstract: The placenta is an indispensable organ that connects the mother and fetus, playing various roles during
pregnancy such as material exchange, hormone secretion, immune regulation, and barrier defense, which are crucial for
maintaining normal fetal development. The placental barrier, composed of multiply layers including trophoblasts, basal
lamina and fetal capillaries, plays a crucial role in protecting fetus from direct exposure to xenobiotics. Dysfunction of
the placenta can lead to various pregnancy complications, such as preeclampsia, fetal growth restriction, and preterm
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birth, increasing both maternal and fetal morbidity and mortality rates. Although conventional two-dimensional (2D)
cell cultures and animal models have been utilized to study placental physiology and pathology, they still have
limitations, such as aberrant cell phenotypes and immature functions in 2D cultures as well as inter-species disparities
in animal models. Organ-on-a-chip is a microfluidic cell culture device that allows to mimic the tissue
microenvironment by control of biochemical signals and dynamic fluid flow, recapitulating the essential structural and
functional characteristics of human tissues or organs. It combines bioengineering techniques with biological strategies,
holding potential applications in organ development, disease modeling, and drug evaluation. In this review, we outline
current progress in placenta-on-a-chip models, focusing on their construction and applications in studying pregnancy-
related disorders, developmental toxicity assessment, and maternal-fetal drug transport at the interface. Based on the
human placental development process and the features of in vivo tissue microenvironment, we emphasize the design
principles and key elements in constructing placenta-on-a-chip models, such as multicellular components, placental
barrier, oxygen tension, fluid shear stress, and extracellular matrix microenvironment. We then introduce other
engineering strategies including organoids, bioprinting, and hydrogel materials, providing new perspectives for the
construction of in vitro biomimetic placental models. We finally discuss the limitations and challenges faced by
existing placental models in terms of tissue complexity and functional maturity, and look ahead to future developments

of advanced in vitro placental models to accelerate their applications in the field of reproductive medicine.
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Fig. 1 Schematic diagram of human placenta
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240 B 2H R 1 B e B TR AR AE , FL B T BOR PR
W IESE A E IR BR300 R 26 S5 M A OR 8%
W RG% . L, 7R JCIE 5 4 I LB i Ot
THI 1 22 40 Jif AF LA B R 7 36 G 9% s o7 46 s B A 2
L. MeAh, BEEE A ) & 44k 32 2 PDMS,
REBEFEHESMAEDMEEGER S, H
PDMS 2 Wi /K V5> 7, BLEEUR A OGS R F 2
VI 55, AR 5y WK RN 25 W e ia 25 8 &
WA AT REIE B — R 2, PRSI T HMNAH. £k
INLAFF A BB AF B B 75 SR B AR A B PDMS, - BA
AR /N> T e R M AE . fa ket E
PR TR AT A AR A3 AT K R SR A T A e B, (HILE
R Z OB MY, G i P B 40 i N 4 92 A
M, fE—E R EWIRE TR MA,
Tod e A e e 58 T PR 9 o

b ARV A TR E 2 2R XFERMAK
JE&, ATRUR RS . REE M A H M TR
FRGEE, M IR & N R AR BR S B R A1 i
BAEA, JEHFREADER . fla, BRESHRS
AR IRAE R, A R AE AR A 52 TG 25 A AN 43
Ti e I 75 26 I M A0 25 P o oF, 0T IR 3 K E KA
KRB TR T & . ERAEAEf 5 NAH
SURF S G I 2R 2, nfn e du i, wIREfLEE
Ji T AL ) S B O B, A B TR NN IR A

Ji i B MU MR AR R 7 T LR . b4k,
etk E SHE O EENMEL &, KEE
TRE WA H H AL, 15 S W IR 2 T4tk
MK E, LG R AT ) 5 2% 1 A0 T B8 B
KRR, TLURK G AL S Al A R Y RSO0,
faft-T 8 IRE-MisE, M T ot dRid i b B
e EEMHLAEN. Y. MNEREDFHE
VAR DL K IG5 D e 57 0 iR L a8 B K B IR
PR, X2 AU b N G LR B, HES)
o HE IR A1 e AT R G 0 0T R B L AL N
NAETAAE R A AR AR T S
7 = i B
ABC —— ATP4S G A Fezlk
(ATP-binding cassette transporter)
BCRP —— FLBRE 25 8
(breast cancer resistance protein)
BPS —— X3 S (bisphenol S)
CCC— ANk IR =4t
(cytotrophoblastic cell column)
CT —— 4 %% 5% )2 4l ffd(cytotrophoblast)
DSC — Wi FR 3L 57 40 i (decidual stromal cell)
E.coli KIGFFE (Escherichia coli)
ECM —— g #h 3 Fi(extracellular matrix)
EDC—— W43 T4 (endocrine disruptor)
EHDPP —— 2-Z 3k CL 5 R IR i
(2—ethylhexyl diphenyl phosphate)
EVT —— BRI FE)Z M (extravillous trophoblast)
FKBPL —— FK506 %% & F1(FK506 binding protein like)
Gal-3 —— R FHHEELE 2 3(galactose agglutinin—3)
GLUT —— 7% H%% 12 X (glucose transporter)
GM~CSF —— i 24 il — 5 15k 24 Jifd 4 7% A T (granulocyte~
macrophage colony—stimulating factor)
hCG —— ANABBAEEIRM R
(human chorionic gonadotrophin)
hCV-MSC —— A 1] 75 5 36 5 41 il (human chorionic
villi mesenchymal stromal cell)
HGF —— HF4mfifaA: 4 -7 (hepatocyte growth factor)
HIF —— §45175 % F F-(hypoxia—inducible factor)
hiPSC —— N FZRE T4
(human induced pluripotent stem cell)
hiTSC —— Nifs G572 T4

(human induced trophoblast stem cell)
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HPVEC —— AJR#E L4 P9 Bz 20 i
(human placental vein endothelial cell)
hTSC —— A #7324 d(human trophoblast stem cell)
HUVEC —— Ak 9 Bz 2
(human umbilical vein endothelial cell)
IGFIR —— BRE REEAKEF-1 521k
(insulin-like growth factor—1 receptor)
SRR W R B £ Jk C S g
[mono(2—ethylhexyl)phthalate]
NHDF —— IEH NE B R ET 4R 2 i
(normal human dermal fibroblast)
NK —— AR A (natural killer cell)
NP —— Kk (nanoparticle)
NTX —— 44 il i (naltrexone)
OAT —— A HLBH B F #5124 (organic anion transporter)
OCT —— F HLIH B %% 12 14 (organic cation transporter)
PDMS —— R H LAk S b (polydimethylsiloxane)
PE — K Fil (preeclampsia)
P-gp —— P-H# & [ (P-glycoprotein)
SLC V5 5 2K (solute carrier)
ST —— & MR % 57 )2 41 B (syncytiotrophoblast)
TEER — %Wﬁ%mﬁ(transepithelial electrical resistance)
ZIKV —— ZE R 5 (Zika virus)
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