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The Underlying Mechanism of Lead-induced Placental Injury
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ABSTRACT: Lead (Pb+) is a toxic heavy metal with high affinity to neurons and placenta. This review mainly focused on the lead
placental toxicity. Placental lead exposure in rats leads to placenta weight loss, trophoblast hyperplasia, vascular congestion, increase of
intracellular spaces and deposits of hyaline material of perivascular predominance, accompanied with the distention of rough endoplasmic
reticula and reduction of the ribosomal number on membranes. All pathological presentations are consistent with molecular chemistry
changes. NO and NOS levels were significantly higher in rats with lead exposure. However, extensive period of lead exposure may de-
compensate the host regulation, subsequently increase fetal-placental vascular resistance, leading to decrease in placental perfusion and
then fetal hypoxia-ischemia; MDA level was significantly higher in the placenta of lead exposed than the control group (P<0.05). Thus, it
is believed that imbalance of oxidation and antioxidant in placenta following lead exposure contributed to placenta damage. The expres-
sion of MMP-9 in the placentas was significantly higher in the lead exposed group than the control. We also found the positive correlation
between lead poisoning and the expression of TIMP-1 on placental trophoblasts, suggesting that lead exposure during pregnancy causes
imbalance of MMP-9/TIMP-1 expression, and subsequently resulting in reduced trophoblast invasion, shallow implantation, vascular re-
modeling barriers. The expression of nuclear factor NF-kB and thrombomodulin were significantly higher in the lead exposed placen- ta.
than the controls. The activation of NF-kB can trans-activate the epidermal growth factor, platelet derived growth factor expression, and
promote smooth muscle cell proliferation, vascular remodeling in membrane signal transduction, thereby increase the thickness of the
collagen fibers of small arteries and vascular wall, enhance vascular spasm contraction, increase mean arterial pressure, and finally result
in pregnancy hypertension. The abnormal, expression of thrombomodulin suggests lead exposure during pregnancy causing placental vas-
cular endothelial injury, causes placental vascular endothelial injury. In a word, lead exposure during pregnancy causes pathological pre-
sentations and molecular chemistry changes. Thus may lead to premature birth, low birth weight, and mental retardation.
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cological analysis have been used to evaluate the effect of environ-

Introduction . .
mental pollution to human®. Most of published data focused on the

Lead (Pb+) is a toxic heavy metal with high affinity to neu-
rons and placenta. It does not serve any physiological function.
Lead accumulation in the body beyond a certain threshold will
lead to multisystem organ damage. Lead exposure during pregnan-
cy may lead to fetal premature birth, low birth weight, and mental
retardation!. The placenta is important for fetus to obtain nutrients
during gestation. Any modification of placental structure/function,
caused by exposure to harmful environment, may compromise the
health status of the newborn with long-term consequences. Placen-
ta does not provide strong maternal-fetal barrier to lead during
pregnancy. Subsequently 90% of lead in the maternal blood circu-
lation will pass to the fetus, supported by the finding that there is
correlation between fetal and maternal lead levels. Furthermore,
there is also a negative correlation between cord blood lead level
and neonatal birth weight, height and head circumference. Lead
can be transported through placenta during the whole gestation pe-

riod %, The placental structural changes during pregnancy and toxi-
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biochemical effects of lead poison in mothers and children, but
few on lead placental toxicity. This review will give an on the ef-
fect of lead toxicity in the reproductive system, the embryo, and

subsequent teratogenic.

1 Placental macroscopic and microscopic changes
during lead poisonin

Material exchange through placenta depends on molecular
weight, placental permeability, blood flow and the size of placenta
Placental lead exposure led to reduced placenta weight, and tro-
phoblast hyperplasia, vascular congestion, increase of intracellular
spaces and deposits of hyaline material of perivascular predomi-
nance in pregnant mice!. In previous study, it was found that lead
exposure reduced placental weight and size, causing a dark red ap-
pearance®!, Lead exposure over entire pregnancy in rat caused
macroscopic placentas swelling and congestion, fetal membrane
surface opacity and dimness. Furthermore, the baseband swelling,
focal necrosis, lymphocytes/plasma cells infiltration was observed.
On trophospongium there was increased trophoblast giant cells
and vacuolated cells; labyrinth expansion and congestion, degener-
ative the trophospongium Trophoblast and some trophoblastic

cells, irregular-shaped nucleus of nuclear, deeper staining, the nu-
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cleolus disappearance, intranuclear inclusions with some nuclei;
Swelling, thickening and degenerative changes with the villi, the
gap narrowing, increased fibrin deposition around the villi, in-
creased ischemic necrosis on the maternal side of placenta. In ad-
dition, by using electronic microscope, it has been detected that
there was shortened microvilli around the trophoblast with reduced
but swollen mitochondrion, as well as decreased rough endoplas-
mic reticulum and ribosomal number on membrane. It was sug-
gested that lead might impair placental function, particularly in
trophoblast cells. Such changes may affect the blood circulation
and material exchange in the placenta between mother and fetus,
subsequently leading to compromised growth and development of
fetus.

2 In vitro experiments addressing the molecular
changes of lead—exposed placenta

2.1 Nitric oxide (NO )Nitric oxide synthase (NOS) change of
lead—exposed placenta

NOS, the most important coenzyme to produce NO, catalyses
arginine and oxygen to generate guanidine acid and NO. NO is an
important factor in enhancing hemodynamic exchanges during
pregnancy to meet the demand of fetal blood supply for nutrition
and oxygen. NO increases significantly in normal pregnancy. In-
creased NOS activity and NO production reduce resistance be-
tween fetal-placental circulation, and it ensured sufficient nutrient
supply to fetus. It has been demonstrated that NO and balance of
the NO/NOS are important to embryonic development and differ-
entiation in early stage of pregnancy . Placenta contains mostly
endothelial NOS (eNOS), which is presented in the trophoblasts
and endothelial cells, especially syncytiotrophoblast. Secretion of
eNOS in the placenta increases in the presence of umbilical cord
inflammation to reduce vascular resistance as well as platelet ac-
cumulation and leucocyte infiltration around the placental villi and
chorionic space!”.

Li demonstrated that NO and NOS levels were significantly
higher in rats with lead exposure at either early or late pregnancy
than controls group (P <0. 01), but not in the rats with lead expo-
(P>0.05) B,
These data suggest that increased NO and NOS provide compen-

sure throughout pregnancy compared to the control

satory mechanism to resist the invasion of harmful factors, might
protect tissue damage from lead exposure. However, extensive pe-
riod of lead exposure may decompensate the host regulation. It can
be speculated that decreased NOS activity in the placenta from
lead poisoning reduced NO production, subsequently increasing
fetal-placental vascular resistance, leading to decrease in placental
perfusion and then fetal hypoxia-ischemia. This study in the ani-
mals was supported by the finding in human. Li and coworker
found that there was no significant difference of distribution of in-
ducible nitric oxide synthase (iNOS) and eNOS in the placentas
between high and low lead exposed pregnant women . Interest-
ingly, there was significantly higher expression of the iNOS and
eNOS in the placentas from the high level blood lead women than

that of low blood lead group (P <0.05). It is suggested that iNOS
and eNOS play an important compensatory role in the placentas
during pregnancy. De-compensation of iNOS and eNOS in the
placenta might lead to fetal maldevelopment via ischemia and hy-
poxia.

2.2 Lead induced oxidative damage to placental tissue

It is well know that Lipid peroxidation (LPO) causes tissue
damage. Maternal hypoxia during pregnancy causes imbalance of
placental oxidation environment, apoptosis, TNF and increased
production of vasoconstrictor substances. LPO and antioxidant ac-
tivity is upregulated during normal pregnancy, duing to high
metabolism which in turn increases the production of more peroxi-
dized lipid. Malondialdehyde (MDA), a product of LPO, reflects
directly the level of LPO and indirectly the severity of tissue/organ
damage in the body caused by free radicals. Thus the level of
MAD correlates tissue free radicals injury . Superoxide dismu-
tase (SOD), another free radical scavenging enzymes, scavenges
superoxide anion radicals to protect cells from damages. SOD pro-
vides vital role in balancing of oxidation and antioxidant. SOD
compensates LPO production in response to different challenges.
The activity of SOD reflects indirectly the ability to eliminate oxy-
gen free radicals and endogenous antioxidant capacity.

Li discovered that MDA level was significantly higher in the
placenta of lead exposed than the control group (P<0.05)M, with
trend of increased SOD level (P>0.05), which is consistent with
the findings by Villeda-Hemandez J that low-level lead exposure
induced vascular congestion and lipid fluorescent substances in-
crease in the placenta of rats ', Thus, it is believed that imbalance
of oxidation and antioxidant in placenta following lead exposure
contributed to placenta damage. It is important to emphasize that
there is more severe placenta injury in lead exposure at early preg-
nancy.

2.3 The expression of matrix metalloproteinase (MMP) -9
and tissue inhibitor of matrix metalloproteinase 1 (TIMP-1)
in lead—exposed placenta

MMPs is a group of zinc dependent proteolytic enzymes with
the property of degrading extracellular matrix (ECM). MMP is an
important enzyme in endometrial stromal degradation by degrad-
ing nearly all the matrix components for embryo implantation, pla-
centa formation and remodeling of uterine spiral arteries during
early pregnancy. It has been reported that extravillous trophoblasts
showed similar characteristics with cancer cells, by secreting sub-
stantial amounts of MMP-9 to selectively hydrolyze endometrial
stromal and basement membrane components 3. MMP-9 is a
rate-limiting enzyme in the process of embryonic trophoblasts in-
vasion and is the most important MMPs secreted by trophoblasts.

The expression of MMP-9 in the placentas is significantly
higher in the lead exposed group than the control, particularly at
the third trimester of pregnancy. Interestingly, the lowest MMP-9
is detected in placenta from the group with lead exposure through-
out pregnancy among all the lead exposed groups. The findings in-

vite speculation that host upregulated the expression of MMP-9 in
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the placenta from lead exposure may promote trophoblasts inva-
sion to reduce abortion. There is a correlation between blood lead
level and placenta destruction. The morphological change in the
de-compensated placenta included that trophoblasts necrosis,
swelling or drop off microvilli; swelling and decrease mitochon-
drial, roughing endoplasmic reticulum pool expansion, and reduc-
tion of the expression of MMP-9!4,

Decreased MMP-9 placental expression can directly lead to
shallow implantation, uterine spiral arteries remodeling disorder,
which in return result in inadequate blood, thereby affecting fetal
growth and development. The dynamic balance of their expression
is physiologically important to pregnancy. TIMP-1 has a higher
affinity with MMP- 9, it can combine with MMP-9 in 1:1 ratio and
forms MMP-9/TIMP-1 complex, which in result prevent MMP-9
from binding the substrate!"”, In previous study!®on lead-exposed
rats in different stage of pregnancy, it was found the positive cor-
relation between lead poisoning and the expression of TIMP-1 on
placental trophoblasts, suggesting that lead exposure during preg-
nancy causes imbalance of MMP-9/TIMP-1 expression, and sub-
sequently resulting in reduced trophoblast invasion, shallow im-
plantation, vascular remodeling barriers.

2.4 The expression of nuclear factor NF-kB in the lead—ex—
posed placenta

NF-k B is a key transcription factor It is confirmed that it is
widespread in eukaryotic cells and can bind with a variety of gene
promoter or enhancer sequence-specific sites specifically to pro-
mote transcription and expression, and is closely related to inflam-
mation, immune response, cell proliferation, transformation and
apoptosis and other important pathophysiologic response. A study
confirmed that NF-k B can regulate the release of inflammatory
factor of uterine tissue: TNF, IL-6, IL-8. NF-kB activation is par-
ticularly critical to the damage caused by acute inflammation and
serious illness caused by the damage 7. When inflammatory dis-
eases occur, the NF-k B can be activated to induce the expression
of cytokine, chemotactic factor, adherence factor, matrix metallo-
proteinases (MMP), cyclooxygenase 2 (cox2) and iNos. In addi-
tion, the activation of NF-k B can trans-activate the epidermal
growth factor, platelet derived growth factor expression, and pro-
mote smooth muscle cell proliferation, vascular remodeling in
membrane signal transduction, thereby increase the thickness of
the collagen fibers of small arteries and vascular wall, enhance
vascular spasm contraction, increase mean arterial pressure, and fi-
nally result in pregnancy hypertension™!,

Wang and coworker reported placental expression of NF-k B
in lead-exposed rats was significantly higher than the controls,
which is supported by the findings that the expression of NF-k B
in human placenta was positively correlated with maternal blood
lead levels (r=10.663, p <0.01)". It was concluded that lead ex-
posure at various gestational periods produced varied effects, with
NF-k B activation following lead exposure. Injury to cytoplasmic
organelles of placental may interfere with the nutrition and oxygen

exchange between mother and fetus, which may contribute to ab-

normal pregnancy outcomes, such as preterm delivery.

More recent studies ™% showed that pregnant women with
blood lead levels 2 10 pg/dl was at a greater risk for pregnancy
hypertension, premature delivery and intrauterine growth retarda-
tion than those with lower blood lead level, and their filial genera-
tion was at risk for nervous system damage, because the NF-k B
was an important signal transcription factor in regulating cellular
response when nervous system was damaged.

2.5 The expression of thrombomodulin in the lead exposed
placenta

Thrombomodulin (TM) is a glycoprotein in vascular endothe-
lial cell surface and is considered as one of the specific molecular
markers of endothelial cell injury. Lung tissue has the highest con-
tent of TM, followed by placental tissue. The study in Ma's group
showed that TM expression in rat placentas exposed to lead in ear-
ly and late pregnancy was lower than that in the control group[*,
while the TM expression in placentas exposed to lead throughout
pregnancy was significantly higher than that in the control. Thus it
was believed that lead exposure during pregnancy causes placental
vascular endothelial injury, making the TM drop off the surface of
the vascular endothelial cells and trophoblasts, resulting in con-
sumptive intravascular coagulation, thereby affecting placental
function and fetal development. This is in line with the findings
that there were high TM expression, decreased placental tro-
phoblastic cells, damaged vascular endothelial cells, and vascular
thrombosis in pregnant women with intrauterine growth retarda-
tion ¥ that there were high TM expression, decreased placental
trophoblastic cells, damaged vascular endothelial cells, and vascu-
lar thrombosis in pregnant women with intrauterine growth retar-
dation. In summary, collection of placentas is non-invasive, and
determination of lead content in placenta is a convenient method
to recognize fetal-maternal body burden. Understand lead toxicity
to placenta contributes to prevent lead pollution and mother-child

health care.
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