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Abstract
Systemic lupus erythematous (SLE) is an autoimmune disease with clinical manifestations in multiple organs, primarily striking 
women of reproductive age. Women with SLE can became pregnant such as any other healthy woman and carrier their 
pregnancy to term due to the improvement of health systems, but their specific inflammatory conditions could affect the mi-
croenvironment in which the fetus grows, and influence the development of placenta and the fetal heart. Until now, there is 
very little evidence of any increased risk of postnatal cardiovascular disease (CVD) in the apparently healthy children from 
women with SLE, but it is this great variability in the effects of lupus on pregnant products is related to.

Keywords: Systemic lupus erythematous. Maternal inflammation. Pregnancy. Offspring. Children. Cardiovascular disease. 
Heart.

Resumen
El lupus eritematoso sistémico (LES) es una enfermedad autoinmune que presenta diversas manifestaciones clínicas en 
múltiples órganos, y afecta principalmente a mujeres en edad reproductiva. Las mujeres con LES se pueden embarazar y 
llevar a término su embarazo, sin embargo, las condiciones inflamatorias específicas de la madre pueden modificar el mi-
croambiente en el que el embrión y el feto se desarrollan y afectar la formación y desarrollo de la placenta y el corazón 
fetal. Hasta ahora hay muy poca evidencia de que haya un mayor riesgo de enfermedad cardiovascular (ECV) en hijos 
aparentemente sanos de madres con LES, a pesar de que se sabe que hay un mayor riesgo de alteraciones cognitivas y 
neuronales, así como de desarrollar enfermedades autoinmunes en esos niños. El objetivo de esta revisión fue realizar una 
búsqueda bibliografía cruzando palabras clave acerca la enfermedad cardiovascular en hijos sanos de mujeres con LES. La 
evidencia mostró que la autoinmunidad materna puede favorecer la predisposición para el desarrollo de ECV en sus hijos, 
por medio de la modificación de señales que alteran el microambiente durante la gestación, lo que puede afectar la respues-
ta inmunitaria y cambios epigenéticos durante la vida posnatal.

Palabras clave: Lupus eritematoso sistémico. Inflamación materna. Embarazo. Descendencia. Enfermedad cardiovascular. 
Corazón.
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Introduction
Systemic lupus erythematosus (SLE) is a multi-sys-

temic autoimmune disease characterized by a loss of 
immunological tolerance and an increase in the produc-
tion of autoantibodies1. SLE affects up to 1.5 out of 
every 1000 women aged 18-44 years2. This group rep-
resents 90% of the total cases of SLE, thus it is con-
sidered to be a disease almost exclusively of women 
of reproductive age. We now know that the fertility of 
women with SLE is similar to that of healthy women3. 
Nevertheless, the risk of clinical manifestations that 
affect the mother as well as the child during pregnancy 
has not decreased, despite the use of new treatments4. 
Through a search of reports on the incidence of com-
plications during gestation in the children of pregnant 
women with SLE, it was found that premature birth and 
fetal death were the most frequent (Table  1), which 
were related to placental alteration5-14.The main disor-
ders reported in children born to women with SLE were 
eczema, asthma and learning disabilities15-21, but inci-
dence of cardiac alterations in these children is almost 
6 times greater compared to children of healthy moth-
ers (Table 2).

The heart is an organ that begins its formation and 
function in the beginning of the third week of gestation, 
and therefore is more susceptible during the first tri-
mester of pregnancy22. Nevertheless, sensitivity of the 
cardiovascular system is maintained all through life and 
the risk of damage has been linked to pro-inflammatory 
states. Due to this, our goal is carry out a search of the 
scientific literature, regarding the effect that maternal 
inflammatory states and the placental transference may 
have on the development and health of the hearts of 
children from mothers with SLE, and how this relates 
to their postnatal life. The methodology is shown in the 
table 3.

The placenta and the heart in 
communication

The placenta acts as a selective barrier between 
maternal and fetal circulation, in addition to providing 
oxygen and nutrients to the fetus. Both the placenta 
and the heart are the first organs to be differentiated 
and they maintain a close interaction during gestation, 
through the umbilical-placental circulation. This, in turn, 
directly influences the processes of remodeling and 
septation in the heart23. The vascular endothelial growth 
factor (VEGF) and its receptors are needed for vascu-
logenesis, angiogenesis, and normal maintenance of 

the endothelial function. Therefore, variation in the ex-
pression or concentration of these may lead to faulty 
angiogenesis, which is correlated to cardiovascular dis-
ease (CVD)24 and to placental alterations25. Through 

Table 1. Fetal complications frequency in SLE pregnant 
women

Complication Cases Frequency (%) 

Fetal Death 17 8.3

107 8.0

105 11.1

 86 23.3 

73 7.0

338 11.2 

Placental/Congenital 105 7.0

Malformations 509 5.1

73 5.0

338 1.3

240 6.0

Preterm Birth 105 34.6

17 33.3 

1010 14.0

59 37.0

86 25.0

338 28.7 

IUGR 17 13.6

107 14.0 

59 29.0 

86 17.4

73 15.8

338 12.7

1010 28.5 

105 28.9 

338 10.0 

Oligohydrammios 107 3.0

59 8.0

Neonatal death 105 3.6 

73 3.0 

SLE: systhemic lupus erythematosus; IUGR: intrauterine growth restriction.
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the cardiac development, an over-expression of VEGF-A 
and VEGF-B favors cardiomyocyte hypertrophy and 
protects them from apoptosis, while in the placenta, 
VEGF-A is expressed in the decidual membrane and 
interacts with the trophoblast that expresses VEGFR-1, 
which contributes to communication between the ma-
ternal and embryonic/fetal tissues26. Despite the role of 

VEGF/VEGFR during cardiovascular development is 
still not clear, they could contribute to a higher risk of 
vascular alteration in patients with LES, and to placen-
tal malformation during pregnancy27.

The placenta has an active role in the regulation of 
the maternal immune system, to support the pregnancy. 
For example, it expresses the toll-like receptors (TLRs), 
which recognize pathogens. Over time, these receptors 
show a pattern of expression in the maternal-fetal in-
terface that protect and favor the adequate develop-
ment of the placental barrier28,29. In turn, the trophoblast 
invasion into the endometrium is regulated by the de-
cidua, by inhibiting the activation of NK cells30. More 
than 20% of women with SLE have been described as 
having an adverse pregnancy, due to placental alter-
ations which have been related to alterations in the 
plasma levels of factors sFlt1, PlGF, and soluble endog-
lin31, associated with vascular disorders and with a 
greater risk of preeclampsia.

Placental transfer and cardiovascular 
complications in children of mothers  
with SLE

Transfer of immunoglobulins
The immunoglobulins (Ig) G (IgG), whose molecular 

mass is approximately 160 kDa, use the specific trans-
porter neonatal Fc receptor (FcRn) to transfer from 
maternal to fetal circulation32. The passage of Ig through 
the placenta starts at week 13 of gestation and increas-
es proportionally with gestational age. It peaks at the 
beginning of the third trimester33, coinciding with the 
period when the thickness of the placental barrier di-
minishes. The presence of the fraction Fab (fragment 
and antigen binding), the fraction Fc (fraction, crystal-
lizable), and the complete IgG of maternal origin, has 
been detected in fetal circulation34, while FcRn has 
been shown in the syncytiotrophoblast35. This is cor-
related with greater levels of Fc and complete IgG, 
compared with Fab. It is known that these transporters 
have a ubiquitous distribution, since they are also found 
in the blood-brain barrier, in the endothelium of the 
renal glomerulus and in the intestinal epithelium, whose 
function is to promote the host’s defenses and to con-
trol the deposit of immune complexes36.

Under normal conditions, newborn babies maintain 
the IgG of maternal origin in their circulation for approx-
imately 6 months, but in newborn babies of women with 
SLE, it could be longer, since IgGs form immune com-
plexes and these may participate in organic damage 

Table 2. Reported alterations in children from SLE 
women

Alteration Result

Hearth 
Diseases

More risk to develop heart malformations (SLE 
7.5% vs. healthy1.3%)
Auricular and ventricular septal anomalies (SLE 
5.1% vs. healthy 1.9%)

Neonatal 
Lupus

NL alterations: hepatobiliary, skin and hearth 
disorders and cytopenia.
Development of AV block due to the presence 
of anti‑Ro and anti‑La (Risk 2‑3%)

Neurological 
Diseases

Autism and other neural disorders (SLE 1.4% vs. 
healthy 0.6%)
Learning disabilities (SLE 21.6% vs. healthy 
9.3%)

Autoimmune 
Diseases

Autoimmune diseases (SLE 1.11% vs healthy 
0.48%)
Susceptibility for intestinal and thyroid diseases 
in male children

Atopic 
Diseases

Eczema and asthma (SLE 43.9% vs. healthy 
38.1%)
Asthma and premature birth related to smoking 
mothers (SLE 27‑28% vs. healthy14‑20%)

SLE: systemic lupus erithematosus; AV: atrioventricular. 

Table 3. Methodology

STEP
1. �A search was conducted on the published scientific literature 

indexed using https://www.ncbi.nlm.nih.gov/pubmed database
2. �Keywords were identified according to the objective and 

using PUBMED MESH:
a) Child, Children, Offspring and Newborn
b) Mother, Maternal and pregnancy
c) Lupus, Neonatal Lupus, Systemic Lupus Erythematous
d) Inflammation
e) �Cardiovascular diseases, Heart diseases  

Combination between keywords was made looking for 
reviews, abstracts, case report, and investigation articles 
looking through 1990‑2020

3. �When the search was complete and all duplicate documents 
were thrown out, the abstracts of the remaining articles were 
carefully checked to ensure that they address our review 
question

4. �Selected documents were analyzed and summarized and the 
findings from the articles and reviews were integrate them 
into the writing as appropriate way
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mainly related to maternal autoantibodies, such as the 
case of fetal heart block37. Table 4 shows the frequency 
with which circulating autoantibodies characteristic of 
women with SLE are identified, being the anti-dsDNA 
antibodies the most abundant38,39. Almost all autoanti-
bodies that can cross the placental barrier, attach them-
selves to the NMDA (N-Metil-D-Aspartate) receptors 
present in cortical cells40, inducing apoptosis in these 
cells in the fetus. This has been related to the develop-
ment of neurological disorders in postnatal life41. Despite 
the fact that large amounts of anti-dsDNA antibodies 
have been found circulating in the children of mothers 
with SLE, there does not seem to be any correlation with 
the development of CVD. However, an association has 
been found with these antibodies and the risk of CVD in 
adults with SLE, such as thromboembolic events and 
atherosclerosis. This discrepancy may be related with 
the disease activity or with a particular inflammatory 
response characterized by enhancement of the expres-
sion of pro-inflammatory molecules (VCAM1, ICAM1, 
metalloproteinases, and chemoattractant molecules)42.

The maternal autoantibodies anti-Ro/SSA and an-
ti-La/SSb are detected in the fetal circulation from 
weeks 18 to 24 of gestation and are associated with 
atrio-ventricular blockage (AV block), due to affectation 
of the AV node. This can occur in babies born to moth-
ers with SLE, Sjögren’s syndrome, or even asymptom-
atic carriers. Even though AV block is the primary 
cardiac alteration described in children of mothers with 
SLE, it occurs in only 2% of cases with maternal an-
ti-Ro/SSA antibodies positivity and 3% of cases with 
both anti-Ro/SSA and anti-La-SSB antibodies positivi-
ty43. The apoptosis of cardiomyocytes occurs normally 
during the formation of the heart but it could be in-
creased in mothers with SLE and positive anti-Ro and/
or anti-La antibodies. In the other hand, it is known that 
these antibodies bind to intracellular antigens Ro52, 
Ro60, and La48, which could be over-expressed in the 
embryonic cells, and thus form immune complexes, 
coupled with de fact that cardiomyocyte apoptosis can 
also result in expression of Ro/SS-A and La/SS-B on 
the cell surface. The immune complexes are captured 
by FcYRIIA receptors in the phagocyte and are trans-
ported to the endosomic compartment, where they are 
recognized by TLRs.44. As a consequence, pro-inflam-
matory cytokines such as INF-γ, TNF-α, and IL-6 could 
be released. In addition, there can be an increase in 
the production of STAT1 dependent molecules which 
are able to cause the trans differentiation of cardiac 
cells to fibroblasts45, which will finally produce fibrosis 
of the AV node46. This mechanism also can explain the 

development of other alterations related to cardiogen-
esis, such as endocardial fibroelastosis and dilated 
cardiomyopathy47.

Nevertheless, these are not the only autoantibodies 
related to fetal heart block. This is also associated with 
other antibodies that modulate several cellular path-
ways such as anti-calreticulin antibodies, which recog-
nize calreticulin, a protein involved in the storage of 
intracellular calcium, anti-muscarinic acetylcholine re-
ceptor M1 antibodies, as well as anti-αFodrin antibod-
ies which recognize fodrin, a membrane protein related 
to apoptosis48,49.

The antiphospholipid antibodies (aPL) present in SLE 
are associated with obstetric complications such as re-
current miscarriages and preeclampsia, as well as affec-
tation of postnatal cognitive development. The main 
target of aPL is the β2-glycoprotein-I located in endothe-
lial cells50 and platelets51; they are associated with pro-
thrombotic events and repeated fetal losses, but they 
also interact with fetal neuronal antigens, causing alter-
ations in postnatal cognitive behavioral development52. 
Likewise, an increase in aPL is related to changes in the 
circulating concentrations of fms-tyrosine-like kinase-1 
(sFlt-1), placenta-like growth factor (PlGF) and soluble 
endoglin (sEng), and other placental factors that could 
be working together affecting vascular endothelium de-
velopment and, as a consequence, placental-mediated 
vascular insufficiency, and hypoxia may be present53.

The fetal cardiovascular system is in constant change, 
and the effect of maternal autoantibodies mainly targets 
the placenta, but does not seem to match with early 
developing heart. Cardiac septation occurs around the 

Table 4. Antibodies frequency in pregnant women serum 
with SLE

Frequency (%) Year

Antibody 2005 2017

Anti‑Nucleosome 78.6 24.1

Anti‑DNA 75.0 69.7

Anti‑Histone 44.0 21.5

Anti‑Sm 36.9 15.2

Anti‑NRP 32.1 19.0

Anti‑SSA (Ro) 54.8 48.1 

Anti‑SSB (La) 14.3 11.4 

SLE: systemic lupus erithematosus. Frequency has been taken from two relevant 
studies. 
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sixth week of gestation54, and the transplacental move-
ment of IgG starts in the 13th week thus, one possible 
explanation of why maternal autoantibodies do not pro-
duce frequent morphological alterations in the fetal 
heart, is due major organogenesis of the heart happens 
before the placenta can permit the transference of Ig.

Placental transference of cytokines
The elevated concentration of pro-inflammatory cyto-

kines in the circulation of patients with SLE, allows one 
to consider the possibility that these cytokines cross 
the placental barrier. Nevertheless, there exists great 
controversy on this issue. In a model of perfusion, bi-
directional transference of IL-6 was observed in the 
placenta of pregnancies at term55, but another study 
did not find IL-6 to be capable of crossing the placental 
barrier of healthy women, nor was transference of 
TNFα, IL-1β56 or IL-857 detected. In one rat model treat-
ed with lipopolysaccharide (LPS) through intraperitone-
al injection at the end of the gestation period, only a 
minimal transference of maternal IL-1 to the fetus was 
observed58. There are not studies that clearly show the 
passage of cytokines from the mother to the fetus 
throughout pregnancy rather this has been studied only 
at the end of pregnancy. Given this, and due to the fact 
that placental barrier structure is being constantly mod-
ified, it is not possible to dismiss the idea that cytokines 
may be able to be transferred to the fetus during the 
first and second trimester of gestation. The existing 
verified evidence only shows that at the end of the 
pregnancy, there is some transference of maternal cy-
tokines to the fetus, but it remains in controversy. 
Therefore, it has been difficult to confirm the role of 
maternal cytokines in the prenatal baby and if they 
could have any influence on the children postnatal de-
velopment. In addition, when a case of inflammatory 
process is identified, it is not clear whether this was 
generated by the tissues of the product itself59, or 
whether it was secondary to the passage of maternal 
cytokines or another inflammatory stuffs.

Placental transference of cells
Microchimerism refers to the trafficking of cells or 

DNA molecules in the circulation that are genetically 
different from the host’s own. This phenomenon is ob-
served during pregnancy and is due to a bidirectional 
transference of maternal and fetal cells that are able to 
continue existing in the circulation for years60,61. The 
“alien” cells can exist without being perceived by the 

host immune system and without generating any appar-
ent alteration; however, they could also be associated 
with the development of autoimmune diseases such a 
systemic sclerosis. This paradoxical response seems 
to depend particularly on the extent of similarity be-
tween the HLA antigen of the chimeric cells and those 
of the host62. The maternal cells are similar to immune 
grafts and persist in the circulation of children with se-
vere immunodeficiencies63. These have also been ob-
served in the pancreas of patients with Neonatal Lupus 
(NL) and Type  I Diabetes64. In a study carried out in 
necropsies of newborn babies with NL who died due to 
arrhythmia secondary to the illness, cells of maternal 
origin were found attached to the fetal cardiomyo-
cytes65. It is possible that this conditions the develop-
ment of a local inflammatory response which later 
favors fibrosis of the conduction system. This may then 
manifest as AV Block or may generate apoptosis in the 
cardiomyocytes of any region. One possible explana-
tion is that the presence of maternal cells in the host 
(child) may result in a rupture of the immune tolerance. 
Another possibility is that a small population of these 
cells may regulate a decrease in the immune response 
of the host, which over the long run generates a reaction 
of rejection. It appears that fetal microchimerism can 
persist silently for decades, and may gradually initiate 
pathological processes related to autoimmunity66.

Inflammatory profile of children of 
mothers with SLE and its effect on the 
heart

Endothelial fetal cells are the ones that first establish 
contact with the maternal antibodies and inflammatory 
molecules that cross over the placental barrier. However, 
there is still limited evidence regarding the effect of this 
on fetal inflammatory states and of the response of these 
cells to the presence of such substances. In a research 
carried out by our group, we studied the expression of 
pro-inflammatory molecules in human umbilical vein en-
dothelial cells (HUVEC) of healthy children of mothers 
with SLE, and the results showed a lower expression of 
IL-8, TLR9 and of adhesion molecules (E-Selectin, 
I-CAM, and V-CAM), compared to the HUVEC of healthy 
children of healthy mothers. However, there were no dif-
ferences in the expression of IL-667. Nevertheless, when 
the HUVEC were stimulated with TNF-alfa, the response 
was proportionally similar in both groups. This indicates 
that despite being basally depressed, the HUVEC of SLE 
had not lost the capacity to become activated in pro-in-
flammatory conditions. It is important to consider that 
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both genetic background and regulation due to environ-
mental conditions affect the activation of the endothelium 
in postnatal life. In another study that looked at the family 
history of heart disease in healthy pregnant women 
whose children were healthy on birth, it was observed 
that the basal expression of pro-inflammatory cytokines 
in HUVEC was greater in women with some family history 
of CVD, than those with little or no history of CVD68. This 
shows that the inflammatory response in children from 
mothers with pro-inflammatory conditions, or with some 
risk of maternal illness, enhances the risk in the short or 
long term to develop some degenerative or autoimmune 
disease, with consequences in adult life. Furthermore, in 
other study with the goal of investigating the inflammatory 
profile of children of mothers with SLE and their associ-
ation with alterations in cognitive and neurological devel-
opment, it was observed that they had a greater incidence 
of autoimmune diseases such as glomerulonephritis, 
asthma, thyroid diseases, vitiligo, and cryoglobulinemia 
compared to children of healthy mothers. They also 
showed greater levels of IL1β, IL2, IL4, IL5, IL6, IL10, 
INFγ, and TNFα69. Since these patients were between 
the ages of 8 and 17 at the time of this study, it is hard 
to know if there was any relationship with the interaction 
with maternal environment during gestation or due to 
placental transference; however, it still confirms the 
pro-inflammatory situation suffered by children of moth-
ers with SLE, over the long term and this may also cause 
a predisposition to the development of CVD. The evi-
dence shows that the main cardiac affectation of children 
from mothers with SLE is AV blockage; however, we 
cannot dismiss other alterations that may affect cardiac 
function over the medium to long range. The administra-
tion of LPS in animal models allows for a simulation of 
maternal pro-inflammatory states, as it has been shown 
in female pregnant rats, LPS produces a decrease of the 
contractile function and increased remodeling of the left 
ventricle of the pups70, and in rats, the offspring presents 
cardiomegaly, myocardial fibrosis, and hypertension71,72. 
It is known that LPS is an activator of the innate immune 
system and its effects are mediated through its interac-
tion with receptors of the TLR family73. Most of the cells 
of the cardiovascular tissue present receptors for TLRs, 
and the TLR activity has been related to diseases such 
as atherosclerosis, cardiac dysfunction in sepsis, and 
congestive heart failure74. Therefore, fetal cardiomyo-
cytes may be an important target during gestational heart 
development. There are still no studies on the mecha-
nisms of action of TLR in the development of heart dis-
ease in children from women with SLE, but the action of 
these receptors could favor the synthesis and secretion 

of cytokines, adhesion molecules, chemoattractants, and 
reactive species of oxygen, which, in turn, promote the 
activation of endothelial cells and leukocytes in patients 
with SLE75.

On studying the structure and function of the myo-
cardium in children with active SLE, a high frequency 
of global dysfunction of the left ventricle was observed, 
even in the absence of clinical symptoms or signs of 
heart diseases. However, this is different in adults with 
active SLE, where there is a predominance of coronary 
artery disease due to premature atherosclerosis, hyper-
tension, heart failure, and valvular disease76. This al-
lows for the observation that age, environment, and 
history of the disease, can have distinct effects on the 
development of cardiac disease. In a longitudinal study 
carried out for over 20 years, the accelerated develop-
ment of CVD was observed in patients diagnosed with 
SLE, in comparison with control groups. Nevertheless, 
there were no differences in associated risk factors 
such as cholesterol levels or blood glucose77. Likewise, 
their risk of developing subclinical atherosclerosis is 
similar to that of patients with rheumatoid arthritis and 
diabetes mellitus, which are associated with the activa-
tion of the P38-MAPK pathway, leading to the activation 
of NFkB as a response to the signals induced by aPL78.

The inflammatory state of a woman with SLE may be 
the result of environmental interaction with the state of 
the disease itself, which implies a great variability in 
clinical manifestations. Epigenetics is the study of chang-
es in genetic expression that are not related to mutations 
in the underlying DNA sequence, but rather to changes 
in DNA methylation, the modification of histones and the 
expression of miRNA, all of which are regulated by en-
vironmental conditions. In studying the transcription and 
methylation of the genome of PBMC cells of patients 
with SLE, various genes were found to be over- or un-
der-expressed, and these are correlated to the state of 
methylation79. Differential analysis revealed a significant 
affectation of the signaling pathways of INF and TLRs, 
such as the expression of MX1, GPR84, and E2F2 mol-
ecules which are related to pro-inflammatory signaling 
pathways in macrophages. These were found to be in-
creased in patients who already had lupus nephritis, in 
comparison with those who did not, while the serum 
levels of the cytokines IL17A, IP-10, bFGF, TNF-α, IL-6, 
IL-15, GM-CSF, IL-1RA, IL-5, and IL-12p70 were found to 
be elevated in all patients. In addition, it was observed 
that the over-regulation of IL-15 was correlated with hy-
pomethylated sites in the promoter region of this gene80. 
It is known that apoptotic DNA is hypomethylated and 
produces an increase in the immune response through 



528

Arch Cardiol Mex (Eng). 2022;92(4)

signaling by TLR9. This culminates with the production 
of anti-dsDNA antibodies and lupus nephritis in rats81.

Other environmental factors such as exposure to UV 
rays can cause a significant reduction in the global meth-
ylation of the DNA of peripheral blood mononuclear cells, 
phenomenon that is exaggerated in patients with SLE. 
Endogenous retrovirus can be reactivated through the 
hypomethylated state present in SLE, where the retroviral 
elements imitate autoantigens that induce a response 
from autoantibodies. Therefore, this state favors epigen-
etic modifications that can have repercussions through-
out postnatal life, enhancing the susceptibility to develop 
cardiovascular and autoimmune diseases.

Conclusion
The available evidence from recent years suggests 

that maternal autoimmunity is a relevant risk factor in 
embryonic fetal development. This may condition a pre-
disposition or biological programming toward CVD in 
children. This great variability in the effects of SLE on 
gestational products is related to individual genetic sus-
ceptibility, conditioned by therapeutic management, ma-
ternal metabolism, and the clearance of molecules that 
cross over the placental barrier and have contact with 
the fetus, or the structural changes in this barrier that 
affect maternal-fetal exchange. We may conclude that 
multiple signals form complex networks of interactions 
that program the prenatal immune system and trigger its 
homeostatic regulation. Maternal diseases, particularly 
infectious or autoimmune diseases, modify these signals 
and can also alter immunity in the early life of their chil-
dren. An understanding of maternal programming in the 
newborn baby’s immune system could provide the basis 
for timely interventions that promote health of children.

Funding
This research has not received any specific grant from 

public, commercial, or non-profit sector agencies.

Conflicts of interest
The authors declare that they do not have any con-

flicts of interest.

Ethical disclosures
Protection of human and animal subjects. The 

authors declare that no experiments were performed on 
humans or animals for this study.

Confidentiality of data. The authors declare that no 
patient data appear in this article.

Right to privacy and informed consent. The au-
thors declare that no patient data appear in this article.

References
	 1.	 García X, Roé E, Corella F, Barco D, Dalmau J, Puig L. Lupus eritema-

toso sistémico. Dermatología. 2007;21:44-8.
	 2.	 Cervera R, Khamashta M, Font J, Sebastiani G, Gil A, Lavilla P, et al. 

Morbidity and mortality in systemic lupus erythematosus during 10 year 
period. Medicine. 2003;82:299-308.

	 3.	 Bellver J, Pellicer A. Ovarian stimulation for ovulation induction and in 
vitro fertilization in patients with systemic lupus and antiphospholipid 
syndrome. Fertil Steril. 2009;92:1803-10.

	 4.	 Moroni G, Ponticelli C. Pregnancy in women with systemic lupus erythe-
matosus (SLE). Eur J Intern Med. 2016;32:7-12.

	 5.	 Wong C, Chen T, Lee C, Lin C, Chen C. Outcome of pregnancy in patients with 
systemic lupus erythematosus. Taiwanese J Obstet Gynecol. 2006;45:120-3.

	 6.	 Teh C, Wan S, Cheong Y, Lin G. Systemic lupus erythematosus pregnan-
cies: ten-year data from a single centre in Malaysia. Lupus. 2017;26:218-23.

	 7.	 Wu J, Ma J, Bao C, Di W, Zhang W. Pregnancy outcomes among Chi-
nese women with and without systemic lupus erythematosus: a retros-
pective cohort study. BMJ Open. 2018;8:e020909.

	 8.	 Ambrosio P, Lermann R, Cordeiro A, Borges A, Nogueira I, Serrano F. 
Lupus and pregnancy 15 years of experience in a tertiary center. Clinc 
Rev Allergy Immunol. 2010;38:77-81.

	 9.	 Hendawy S, Abdel D, Ebrahim S, Ewais H, Moussa S, Khattab D, et al. 
Pregnancy related complications in patients with systemic lupus erythe-
matosus, an Egyptian experience. Clin Med Insights. 2011;5:17-24.

	 10.	 Liu J, Zhao Y, Song Y, Zhang W, Bian X, Yang J, et al. Pregnancy in women 
with systemic lupus erythematosus: a retrospective study of 111 pregnancies 
in Chinese women. J Matern Fetal Neonatal Med. 2012;25:261-6.

	 11.	 Chen C, Chen Y, Lin H, Chen S, Lin H. Increased risk of adverse pregnan-
cy outcomes for hospitalization of women with lupus during pregnancy: a 
nationwide population-based study. Clin Exp Rheumatol. 2010;28:49-55.

	 12.	 Khan A, Thomas M, Devi S. Pregnancycomplicated by systemic lupus 
erythematosus and its outcome over 10  years. J  Obstet Gynecol. 
2018;38:476-81.

	 13.	 Vinet É, Genest G, Scott S, Pineau CA, Clarke AE, Platt RW, et.al. Brief 
Report: Causes of Stillbirths in Women With Systemic Lupus Erythema-
tosus. Arthritis Rheumatol. 2016 Oct;68(10):2487-91. doi: 10.1002/
art.39742. PMID: 27159385.

	 14.	 Wallenius M, Salvesen K, Daltveit A, Skomsvoll J. Systemic lupus erythe-
matosus and outcomes in first and subsequent births based on data from 
a national birth registry. Arthritis Care Res. 2014;66:1718-24.

	 15.	 Hoffman J, Kaplan S. The incidence of congenital heart disease. J Am 
Coll Cardiol. 2002;39:1890-900.

	 16.	 Vinet E, Pineau C, Scott S, Clarke A, Platt R, Bernatsky S. Increased 
congenital heart defects in children born to women with systemic lupus 
erythematosus results from the offspring of systemic lupus erythematosus 
mothers registry study. Circulation. 2015;131:149-56.

	 17.	 Abdwani R, Al Shaqsi L, Al-Zakwani I. Neonatal and obstetrical outcomes of 
pregnancies in systemic lupus erythematosus. Oman Med J. 2018;33:15-21.

	 18.	 Lockshin M, Reinitz E, Druzin M, Murrman M, Estes D. Lupus pregnancy. 
Case-control prospective study demonstrating absence of Lupus exacer-
bation during or after pregnancy. Am J Med. 1984;77:893-8.

	 19.	 McAllister D, Kaplan B, Edworthy S, Martin L, Crawford S, Ramsey R, et al. 
The influence of systemic lupus erythematosuson fetal development: cog-
nitive, behavioral, and health trends. J Int Neuropsychol Soc. 1997;3:370-6.

	 20.	 Couture J, Ben M, Pineau C, Scott S, Clarke A, Bernatsky S, et al. Risk 
of allergic conditions in children born to women with systemic lupus 
erythematosus. Arthritis Care Res. 2018;70:315-9.

	 21.	 Rossides M, Nguyen C, Arkema E, Simard J. Asthma in children of 
mothers with systemic lupus erythematosus and the role of preterm birth. 
Arthritis Care Res (Hoboken). 2017;70:1269-74.

	 22.	 Huhta J, Linask KK. Environmental origins of congenital heart disease: the 
heart-placenta connection. Semin Fetal Neonatal Med. 2013;18:245-50.

	 23.	 Olive EL, Xiao E, Natale D, Fisher S. Oxygen and lack of oxygen in fetal 
and placental development, feto-placental coupling, and congenital heart 
defects. Birth Defects Res. 2018;110:1517-30.

	 24.	 Liu D, Song J, Ji X, Liu Z, Cong M, Hu B. Association of genetic poly-
morphisms on VEGFA and VEGFR2 with risk of coronary heart disease. 
Medicine (Baltimore). 2016;95:e3413.

	 25.	 Labarrere C, DiCarlo H, Bammerlin E, Hardin J, Kim Y, Chaemsaithong 
P, et al. Failure of physiologic transformation of spiral arteries, endothe-
lial and trophoblast cell activation, and acute atherosis in the basal plate 
of the placenta. Am J Obstet Gynecol. 2017;216:287.e1-16.



529

D. Sandoval-Valdez et al.: Cardiovascular risk in children and lupus

	 26.	 Laakkonen J, Lähteenvuo J, Jauhiainen S, Heikura T, Ylä-Herttuala S. 
Beyond endothelial cells: vascular endothelial growth factors in heart, 
vascular anomalies and placenta. Vascul Pharmacol. 2019;112:91-101.

	 27.	 Maltepe E, Fisher S. Placenta: the forgotten organ. Ann Rev Cell Dev 
Biol. 2015;31:523-52.

	 28.	 Racicot K, Kwon J, Aldo P, Silasi M, Mor G. Understanding the comple-
xity of the immune system during pregnancy. Am J Reprod Immunol. 
2014;72:107-16.

	 29.	 Koga K, Mor G. Toll-like receptors at the maternal-fetal interface in nor-
mal pregnancy and pregnancy disorders. Am J Reprod Immunol. 
2010;63:587-600.

	 30.	 Faas M, de Vos P. Uterine NK cells and macrophages in pregnancy. 
Placenta. 2017;56:44-52.

	 31.	 Kim MY, Buyon JP, Guerra MM, Rana S, Zhang D, Laskin CA, et. al. 
Angiogenic factor imbalance early in pregnancy predicts adverse outcomes 
in patients with lupus and antiphospholipid antibodies: results of the PRO-
MISSE study. Am J Obstet Gynecol. 2016 Jan;214(1):108.e1-108.e14.

	 32.	 Saji F, Samejima Y, Kamiura S, Koyama M. Dynamics of immunoglobu-
lins at the feto-maternal interface. Rev Reprod. 1999;4:81-9.

	 33.	 Simister NE. Placental transport of immunoglobulin G. Vaccine. 
2003;21:3365-9.

	 34.	 Palmeira P, Quinello C, Silveira-Lessa AL, Zago CA, Carneiro-Sampaio M. 
IgG placental transfer in healthy and pathological pregnancies. Clin Dev 
Immunol. 2012;2012:985646.

	 35.	 Brambell F, Hemmings W, Oakley C, Porter R. The relative transmission 
of the fractions of papain hydrolyzed homologous gamma-globulin from 
the uterine cavity to the fetal circulation in the rabbit. Proc R Soc London. 
1960;151:478-82.

	 36.	 Roopenian D, Akilesh S. FcRn: the neonatal Fc receptor comes of age. 
Nat Rev Immunol. 2007;7:715-25.

	 37.	 Brucato A, Frassi M, Franceschini F, Cimaz R, Faden D, Pisoni M, et al. 
Risk of congenital complete heart block in newborns of mothers with 
anti-Ro/SSA antibodies detected by counter immune electrophoresis. 
Arthritis Rheum. 2001;44:1832-35.

	 38.	 Haddouk S, Ayed M, Baklouti S, Hachicha J, Bahloul Z, Masmoudi H. 
Autoantibodies in systemic lupus erythematosus: spectrum and clinical 
associations. Pathol Biol. 2005;53:311-7.

	 39.	 Rastin M, Mahmoudi M, Sahebari M, Tabasi N. Clinical and immunolo-
gical characteristics in systemic lupus erythematosus patients. Indian J 
Med Res. 2017;146:224-9.

	 40.	 DeGiorgio L, Konstantinov K, Lee S, Hardin J, Volpe B, Diamond B. 
A subset of lupus anti-DNA antibodies cross-reacts with the NR2 gluta-
mate receptor in systemic lupus erythematosus. Nat Med. 2001;7:1189-93.

	 41.	 Lee J, Huerta P, Zhang J, Kowal C, Bertini E, Volpe B, et al. Neurotoxic 
autoantibodies mediate congenital cortical impairment of offspring in 
maternal lupus. Nat Med. 2008;15:91-6.

	 42.	 Solow E, Vongpatanasin W, Skaug B, Karp D, Ayers C, Lemos J. Anti-
nuclear antibodies in the general population: positive association with 
inflammatory and vascular biomarkers but not traditional cardiovascular 
risk factors. Clin Exp Rheumatol. 2018;36:1031-7.

	 43.	 Madhusudan D, Raju A, Vijaya N. Correlation of maternal autoantibodies 
with fetal congenital heart block. J Obstet Gynaecol India. 2016;66:112-6.

	 44.	 Miranda M, Askanase A, Clancy R, Di Donato F, Chou T, Libera M, et al. 
Anti-SSA/Ro and anti-SSB/La autoantibodies bind the surface of apop-
totic fetal cardiocytes and promote secretion of TNF-alpha by macropha-
ges. J Immunol. 2000;165:5345-51.

	 45.	 Clancy R, Askanase A, Kapur R, Chiopelas E, Azar N, Miranda M, et al. 
Transdifferentiation of cardiac fibroblasts, a fetal factor in anti-SSA/Ro-
SSB/La antibody-mediated congenital heart block. J  Immunol. 
2002;169:2156-63.

	 46.	 Izmirly P, Buyon J, Saxena A. Neonatal lupus: advances in understanding 
pathogenesis and identifying treatments of cardiac disease. Curr Opin 
Rheumatol. 2012;24:466-72.

	 47.	 Aoki H, Inamura N, Kawazu Y, Nakayama M, Kayatani F. Fetal echocar-
diographic assessment of endocardial fibroelastosis in maternal anti-SSA 
antibody-associated complete heart block. Circ J. 2011;75:1215-21.

	 48.	 Borda E, Sterin L. Autoantibodies against neonatal heart M1 muscarinic Acetylcho-
line receptor in children with congenital heart block. J Autoimmun. 2001;16:143-50.

	 49.	 Miyagawa S, Yanagi K, Yoshioka A, Kidoguchi K, Shirai T, Hayashi Y. 
Neonatal lupus erythematosus: maternal IgG antibodies bind to a recom-
binant NH2-terminal fusion protein encoded by human alpha-fodrinc 
DNA. J Invest Dermatol. 1998;111:1189-92.

	 50.	 Giannakopoulos B, Krilis S. The pathogenesis of the antiphospholipid 
syndrome. N Engl J Med. 2013;368:1033-44.

	 51.	 Bontadi A, Ruffatti A, Falcinelli E, Giannini S, Marturano A, Tonello M, 
et  al. Platelet and endothelial activation in catastrophic and quiescent 
antiphospholipid syndrome. Thrombosis Haemostasis. 2013;109:901-8.

	 52.	 Bertolaccini M, Contento G, Lenner R, Sanna G, Blower P, Ma M, et al. Com-
plement inhibition by hydroxychloroquine prevents placental and fetal brain 
abnormalities in antiphospholipid syndrome. J Autoimmun. 2016;75:30-38.

	 53.	 Soh MC, Nelson-Piercy C, Westgren M, McCowan L, Pasupathy D. Do adver-
se pregnancy outcomes contribute to accelerated cardiovascular events seen 
in young women with systemic lupus erythematosus? Lupus. 2017;26:1351-67.

	 54.	 Van Praagh R, Keane J, Lock J, Fyler D. Nadas Pediatric Cardiology: 
embryology. 2nd ed. Amsterdam, Netherlands: Elsevier; 2006. p. 13-25.

	 55.	 Zaretsky M, Alexander J, Byrd W, Bawdon R. Transfer of inflammatory 
cytokines across the placenta. Obstet Gynecol. 2004;103:546-50.

	 56.	 Aaltonen R, Heikkinen T, Hakala K, Laine K, Alanen A. Transfer of pro-
inflammatory cytokines across perm Placenta. Obstet Gynecol. 
2005;106:802-7.

	 57.	 Reisenberger K, Egarter C, Vogl S, Sternberger B, Kiss H, Husslein P. 
The transfer of interleukin-8 across the human placenta perfused in vitro. 
Obstet Gynecol. 1996;87:613-6.

	 58.	 Girard S, Sebire G. Transplacental transfer of Interleukin-1 receptor 
agonist and antagonist following maternal immune activation. Am J Re-
prod Immunol. 2016;75:8-12.

	 59.	 O’Callaghan C, Franklin P, Elliott T, Deverill I, Richards N, Powell R. 
C  reactive protein concentrations in neonates: determination by a latex 
enhanced immunoassay. J Clin Pathol 1984;37:1027-8.

	 60.	 Nelson JL. Your cells are my cells. Sci Am. 2008;298:72-9.
	 61.	 Maloney S, Smith A, Furst D, Myerson D, Rupert K, Evans P, et al. Mi-

crochimerism of maternal origin persists into adult life. J  Clin Invest. 
1999;104:41-7.

	 62.	 Nelson JL. Maternal-fetal immunology and autoimmune disease: is some 
autoimmune disease auto-alloimmune or allo-autoimmune? Arthritis 
Rheum. 1996;39:191-4.

	 63.	 Knobloch C, Goldmann S, Friedrich W. Limited T cell receptor diversity 
of transplacentally acquired maternal T cells in severe combined immu-
nodeficiency. J Immunol. 1991;146:4157-64.

	 64.	 Nelson J, Gillespie K, Lambert N, Stevens A, Loubiere L, Rutledge J, 
et  al. Maternal microchimerism in peripheral blood in Type  1 diabetes 
and pancreatic islet beta cell microchimerism. Proc Natl Acad Sci. 
2007;104:1637-42.

	 65.	 Stevens A, Hermes H, Rutledge R, Buyon J, Nelson J. Myocardial-tis-
sue-specific phenotype of maternal microchimerism in neonatal lupus 
congenital heart block. Lancet. 2003;362:1617-23.

	 66.	 Nelson, J. Microchimerism and autoimmune disease. N  Engl J Med. 
1998;338:1224-5.

	 67.	 Rodríguez E, Guevara J, Páez A, Zapata E, Collado M, Fortoul T, et al. 
The altered expression of inflammation related molecules and secretion 
of IL-6 and IL-8 by HUVEC from newborns with maternal inactive sys-
temic lupus erythematosus is modified by estrogens. Lupus. 
2008;17:1086-95.

	 68.	 Páez A, Méndez A, Varela E, Rodríguez E, Guevara J, Flores L, et al. 
HUVEC from newborns with a strong family history of myocardial infarc-
tion over express adhesion molecules and react abnormally to stimulating 
agents. Clin Exp Immunol. 2005;141:449-58.

	 69.	 Gariup M, Lera S, Torres F, Varela E, Serra C, González A, et al. Au-
toantibodies, elevated cytokines, and neurocognitive abnormalities in 
offspring of women with systemic lupus erythematosus: comparison with 
healthy controls. Clin Rheumatol. 2019;38:2529-39.

	 70.	 Velten M, Hutchinson K, Gorr M, Wold L, Lucchesi P, Rogers L. Systemic 
maternal inflammation and neonatal hiperoxia induces remodeling and 
left ventricular dysfunction in mice. PLoS One. 2011;6:e24544.

	 71.	 Wei Y, Du W, Xiong X, He X, Yi P, Deng Y, et al. Prenatal exposure to 
lipopolysaccharide results in myocardial remodelling in adult murine offs-
pring. J Inflamm (Lond). 2013;10:35.

	 72.	 Chen X, Tang Y, Gao M, Qin S, Zhou J, Li X. Prenatal exposure to lipo-
polysaccharide results in myocardial fibrosis in rat offspring. Int J Mol Sci. 
2015;16:10986-96.

	 73.	 Mansell A, Reinicke A, Worrall D, O’Neill L. The serine protease inhibitor 
antithrombin III inhibits LPS-mediated NF-κB activation by TLR-4. FEBS 
Lett. 2001;508:313-7.

	 74.	 Frantz S, Ertl G, Bauersachs J. Mechanisms of disease: toll-like receptors 
in cardiovascular disease. Nat Clin Pract Cardiovasc Med. 2007;4:444-54.

	 75.	 Lopez C, Aguirre M, Pérez C. Mecanismos de aterosclerosis y enferme-
dad cardiovascular en el síndrome antifosfolípido y el lupus eritematoso 
sistémico. Alternativas terapéuticas. Med Clín. 2017;149:160-9.

	 76.	 Karp I, Abrahamowicz M, Fortin P, Pilote L, Neville C, Pineau C, et al. 
Longitudinal evolution of risk of coronary heart disease in systemic lupus 
erythematosus. J Rheumatol. 2012;39:968-73.

	 77.	 Khositseth A, Prangwatanagul W, Tangnararatchakit K, Vilaiyuk S, 
Su-Angka N. Myocardial performance index in active and inactive pedia-
tric systemic lupus erythematosus. Clin Exp Rheumatol. 2017;35:344-500.

	 78.	 Tektonidou M, Kravvariti E, Konstantonis G, Tentolouris N, Sfikakis P, 
Protogerou A. Subclinical atherosclerosis in systemic lupus erythemato-
sus: comparable risk with diabetes mellitus and rheumatoid arthritis. 
Autoimmun Rev. 2017;16:308-12.

	 79.	 Zhu H, Mi W, Luo H, Chen T, Liu S, Raman I, et  al. Whole-genome 
transcription and DNA methylation analysis of peripheral blood mononu-
clear cells identified aberrant gene regulation pathways in systemic lupus 
erythematosus. Arthritis Res Ther. 2016;18:162.

	 80.	 Hedrich CM. Epigenetics in SLE. Curr Rheumatol Rep. 2017;19:58.
	 81.	 Jeffries MA, Sawalha AH. Epigenetics in systemic lupus erythematosus: 

leading the way for specific therapeutic agents. Int J Clin Rheumtol. 
2011;6:423-39.


