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Foetal vasculogenesis and angiogenesis and maternal angiogenesis
are essential requirements for a pregnancy. Decidua-associated
vascular changes arise in the inner junctional zone myometrium
in early pregnancy, followed by trophoblast invasion with asso-
ciated remodelling.1 Decidual natural killer and dendritic cells
regulate key developmental processes at the human foetal–ma-
ternal interface via human leucocyte antigen (HLA)-C, HLA-E,
and HLA-G.2 Intervillous flow starts at 7–8 weeks gestation, via
connecting channels between maternal myometrial spiral arteries
and lacunae in the wall of the implanted cytoblast. Early tropho-
blast plugging might protect the embryo against high oxygen con-
centrations, and it has to be postulated that premature loss of
those plugs could lead to early miscarriage or early-onset pre-
eclampsia.3

In the past decade, extensive research has investigated the abnor-
malities that can occur in the first trimester of pregnancy that could
lead to chorionic regression or small placenta, contributing to intra-
uterine growth restriction and early-onset pre-eclampsia.4 Placental
flow defects can occur as early as 12 weeks in women who subse-
quently develop pre-eclampsia. Hypoxia and reoxygenation epi-
sodes can generate reactive oxygen species, leading to placental
oxidative stress and placental dysfunction. Although the causes of
pre-eclampsia, defined as new hypertension (diastolic blood pres-
sure .90 mmHg) and substantial proteinuria (.300 mg in 24 h)
after 20 weeks gestation,4 remains largely unknown, the leading hy-
pothesis strongly suggests disturbed placental function in early
pregnancy, possibly due to failed interaction between two

genetically different organisms.4 As a second stage of the foetal–
maternal interphase, research by Levine and Karumanchi has
shown an increased production of bioactive trophoblast debris, in-
cluding an excess of syncytiotrophoblast-derived antiangiogenic
factors, such as soluble forms of vascular endothelial growth
factor (VEGF) receptors, including the VEGF receptor-1, also
called fms-like tyrosine kinase 1 (Flt-1).5

This excessive systemic inflammatory response results in endothe-
lial dysfunction and an associated increase in vascular reactivity, pre-
ceding onset of the clinical condition pre-eclampsia, which affects
2–8 % of all pregnancies.4

Flt-1 is expressed on endothelial cells and macrophages, and binds
to VEGF and a platelet-derived protein called placental growth factor
(PlGF), with a wide range of functions which are not completely
understood.6 A potential endogenous opponent of PlGF in the
plasma is soluble fms-like tyrosine kinase (sFlt-1), which represents
a type of Flt-1, without the transmembrane and intracellular tyrosine
kinase domain. sFlt-1 and PlGF have comprehensive involvement not
only in the development of atherosclerotic processes and myocardial
infarction, but also in a wider range of other inflammatory processes
such as sepsis, acute lung injury, and neoplasm, as recently reviewed
by Hochholzer et al.6

However, most work on this interesting biomarker has been per-
formed in pre-eclampsia. sFlt-1 can be measured in the placenta and
serum of pregnant women. In normotensive pregnancy, the sFlt-1
levels are stable up to the middle stages of gestation, followed by a
steady increase from 33 weeks onwards. This increase corresponds
to a late-gestational decrease in free PlGF levels. It is postulated that
this serves to slow placental vascular growth by increasing antiangio-
genic factors such as sFlt-1, and decreasing levels of proangiogenic
factors such as VEGF and PlGF.
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In women with pre-eclampsia, this process of governing placental
growth and function might occur too early, leading to endothelial
dysfunction. Interestingly, these alterations in sFlt-1 and PlGF levels
appear to be greatest in women with early pre-eclampsia.5 A recent
study by Govender et al.7 reported a different type of angiogeneic
and antiangiogenic regulation in early- vs. late-onset pre-eclampsia,
with placental VEGF mRNA expression being markedly reduced in
late-onset pre-eclampsia.

Maynard et al.8 have shown that administrationof sFlt-1 in pregnancy
induced hypertension, proteinuria, and glomerularendotheliosis, mim-
icking the clinical syndrome of pre-eclampsia. A study in women with
pre-eclampsia vs. normal controls found increased levels of sFlt-1
andreducedPlGF, beginning � 5weeksbeforeonsetofpre-eclampsia,
implying a pathogenic role. Those alterations were greatest in women
with early-onset pre-eclampsia and small-for-gestational age infants.
Interestingly, Patten et al.9 showed that mice which lack cardiac
PGC-1a, a powerful regulatorofangiogenesis,developedaperipartum
cardiomyopathy. In addition, they showed that patients with peripar-
tum left ventricular dysfunction reported to have had pre-eclampsia
while pregnant had inappropriately high levels of sFlt-1 in serum
taken 4–6 weeks post-partum. Interestingly these women did not
have proteinuria post-partum, which would have been expected.
The persistent extraplacental source of sFlt-1 in the post-partum
period is unknown, but may include placental remnants.9

The interesting study by Llurba and colleagues investigates the
extent of angiogenesis in human heart development by investigating
maternal and cord PlGF, sFlt-1, and soluble endoglin (sEng) in 65
cases of congenital heart defects (CHDs) and 204 normal controls.10

The CHD cases consisted of isolated CHDs, such as left ventricular
outflow tract obstruction due to, for example, aortic valve stenosis
and coarctation of the aorta (n ¼ 23), contruncal abnormalities,
such as tetralogy of Fallot and transposition of the great arteries
(n ¼ 25), as well as atrioventricular valve defects such as septal
defects or Epstein’s anomaly (n ¼ 17). Three women who developed
severe pre-eclampsia and one woman who developed severe intra-
uterine growth restriction were excluded.

In addition, angiogenic factor expression and markers of hypoxia
were measured in the heart tissue from 23 CHD foetuses and 8 con-
trols. In the CHD group, sFlt-1 was significantly higher and, therefore,
PlGF highly significantly lower. Foetuses with CHDs also had higher
cord sFlt-1 and sEng plasma levels. Examination of the heart tissue
from the foetuses with CHDs showed a significant increase in
markers of chronichypoxia andantioxidant activity, as well as expres-
sion of VEGF and sFlt-1.

The authors need to be congratulated for performing a carefully
conducted, complex study presenting the first evidence of abnormal
angiogenesis in the heart tissues of human foetuses with CHDs,
showing increased sFlt-1 expression and overproduction of proteins,
such as HIF-2a, HO-1, and SOD1 as a result of chronic hypoxia.

Flt-1 has previously been implicated in regulation of embryonic
heart function and cardiac morphogensis.11

Interestingly, the study of Llurba et al. showed that, in isolated
major foetal heart defects, maternal serum PlGF was deceased and
sFlt1 increased at 18–37 weeks gestation, suggesting impaired pla-
cental angiogenesis. This impairment was found in the presence of
conotruncal and septal valve defects but not in left heart defects, sug-
gesting that abnormal angiogenesis may be deleterious for septal

valve and outflow tract formation of human heart embryogenesis.
In fact, as highlighted by the authors in their discussion, the aetiology
of left-sided heart malformations is likely to be complex and includes
environmental exposure and a genetic component as abnormalities
in the NOTCH1 pathway.10

How could the abnormal angiogenic pattern in maternal blood of
women carrying a foetus with CHD be explained? The data by Llurba
et al. suggest that foetus may have an intrinsic altered angiogenesis
leading to abnormal formation of the heart that may already be
present in the trophoblastic cells. Often this abnormality does not
allow survival of the foetus, as 20% of all stillbirths and 30% of neo-
natal deaths have abnormalities of the heart and great arteries. An al-
ternative hypothesis would be that low maternal PlGF could lead to a
lesser degree of trophoblast invasion of the spiral arteries, leading to
placental hypoxia. The authors further speculate that placental
hypoxia due to abnormal angiogenesis may cause foetal hypoxia,
thus leading to abnormal heart development and low birth weight.

What is not explained by those findings is why mothers carrying a
child with CHDs and presenting with elevated sFlt-1 and low VEGF
and PlGF do not develop hypertension and proteinuria, as in pre-
eclampsia, or even a peripartum left ventricular dysfunction as sug-
gested by Patten et al.9 Interestingly, 3 out of 71 women carrying a
CHD child were excluded from the study as they developed severe
pre-eclampsia.

Figure 1 Angiogenic/antiangiogenic imbalance and cardio-
placental syndrome. CHD, congenital heart defect; ROS, reactive
oxygen species.
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sFlt-1 and possibly angiogenic/antiangiogenic imbalance has a very
broad and more complex function, and we assume that it is involved
in several cascades.However, it is unlikely tobe the sole leading factor
involved in human disease such as pre-eclampsia or even peripartum
cardiomyopathy in humans (Figure 1). High sFlt-1 levels have recently
been shown to be good predictors of mortality in acute myocardial
infarction, independently of other markers such as troponin T or
N-terminal pro brain natriureic peptide.6

Hypoxia itself causes increased sFlt-1 production. The hypoxia-
induced overproduction of sFlt-1 could activate a cycle wherein
high sFlt-1 levels inhibit angiogenesis and exacerbate the placental
hypoxia, which subsequently causes an increase in placental sFlt-1
production.12

Evaluationof the relationshipbetweenCHDsandplacenta-related
complications should be explored in further research.

In conclusion, the authors haveprovided significant evidence of ab-
normal angiogenesis associated with human CHDs. The relationship
between congenital cardiac disease in the newborn, placental dys-
function, and, possibly, abnormality in the angiogenesis of the
parents of those children needs to be further investigated.

Conflict of interest: none declared.

References
1. Ng EH, Chan CC, Tang OS, Yeung WS, Ho PC. The role of endometrial and suben-

dometrial vascularity measured by three-dimensional power Doppler ultrasound
in the prediction of pregnancy during frozen–thawed embryo transfer cycles.
Hum Reprod 2006;21:1612–1617.

2. Hanna J, Goldman-Wohl D, Hamani Y, Avraham I, Greenfield C, Natanson-Yaron S,
Prus D, Cohen-Daniel L, Arnon TI, Manaster I, Gazit R, Yutkin V, Benharroch D,
Porgador A, Keshet E, Yagel S, Mandelboim O. Decidual NK cells regulate key
developmental processes at the human fetal–maternal interface. Nat Med 2006;
12:1065–1074.

3. Burton GJ, Jauniaux E. Placental oxidative stress: from miscarriage to preeclampsia.
J Soc Gynecol Investig 2004;11:342–352.

4. Steegers EA, von Dadelszen P, Duvekot JJ, Pijnenborg R. Pre-eclampsia. Lancet 2010;
376:631–644.

5. Levine RJ, Maynard SE, Qian C, Lim KH, England LJ, Yu KF, Schisterman EF,
Thadhani R, Sachs BP, Epstein FH, Sibai BM, Sukhatme VP, Karumanchi SA.
Circulating angiogenic factors and the risk of preeclampsia. N Engl J Med 2004;
350:672–683.

6. Hochholzer W, Reichlin T, Stelzig C, Hochholzer K, Meissner J, Breidthardt T,
Reiter M, Duehsler B, Freidank H, Winkler K, Twerenbold R, Mueller C. Impact of
soluble fms-like tyrosine kinase-1 and placental growth factor serum levels for risk
stratification and early diagnosis in patients with suspected acute myocardial infarc-
tion. Eur Heart J 2011;32:326–335.

7. GovenderL,Mackraj I,GathiramP, Moodley J. The roleof angiogenic, anti-angiogenic
and vasoactive factors in pre-eclamptic African women: early- versus late-onset pre-
eclampsia. Cardiovasc J Afr 2012;23:153–159.

8. Maynard SE, Min JY, Merchan J, Lim KH, Li J, Mondal S, Libermann TA, Morgan JP,
Sellke FW, Stillman IE, Epstein FH, Sukhatme VP, Karumanchi SA. Excess
placental soluble fms-like tyrosine kinase 1 (sFlt1) may contribute to endothelial dys-
function, hypertension, and proteinuria in preeclampsia. J Clin Invest 2003;111:
649–658.

9. Patten IS, Rana S, Shahul S, Rowe GC, Jang C, Liu L, Hacker MR, Rhee JS, Mitchell J,
Mahmood F, Hess P, Farrell C, Koulisis N, Khankin EV, Burke SD, Tudorache I,
Bauersachs J, del Monte F, Hilfiker-Kleiner D, Karumanchi SA, Arany Z. Cardiac
angiogenic imbalance leads to peripartum cardiomyopathy. Nature 2012;485:
333–3338.

10. Llurba E, Sanchez O, Ferrer Q, Nicolaides KH, Ruı́z A, Domı́nguez C,
Sánchez-de-Toledo J, Garcı́a-Garcı́a B, Soro G, Arévalo S, Goya M, Suy A,
Pérez-Hoyos S, Alijotas-Reig J, Carreras E, Cabero L. Maternal and foetal angiogenic
imbalance in congenital heart defects. Eur Heart J 2014;35:701–707.

11. Carmeliet P, Moons L, Luttun A, Vincenti V, Compernolle V, De Mol M, Wu Y,
Bono F, Devy L, Beck H, Scholz D, Acker T, DiPalma T, Dewerchin M, Noel A,
Stalmans I, Barra A, Blacher S, VandenDriessche T, Ponten A, Eriksson U,
Plate KH, Foidart JM, Schaper W, Charnock-Jones DS, Hicklin DJ, Herbert JM,
Collen D, Persico MG. Synergism between vascular endothelial growth factor and
placental growth factor contributes to angiogenesis and plasma extravasation in
pathological conditions. Nat Med 2001;7:575–583.

12. Karumanchi SA, Bdolah Y. Hypoxia and sFlt-1 in preeclampsia: the ‘chicken-and-egg’
question. Endocrinology 2004;145:4835–4837.

Editorial682

 at U
niversity of C

ape T
ow

n L
ibraries on M

arch 24, 2014
http://eurheartj.oxfordjournals.org/

D
ow

nloaded from
 

http://eurheartj.oxfordjournals.org/
http://eurheartj.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


