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Down syndrome is the most common chromosomal
abnormality in pregnancy. Non-invasive prenatal diagnosis
(NIPD) of DS screening in the first trimester of pregnancy
involves the nuchal transclucency hyperechographic scan-
ning combined to the analysis of b-subunit of human
chorionic gonadotropin (b-hCG) and pregnancy associated
plasma protein-A (PAPP-A). Application of proteomics for
the identification of potential biomarkers for the prenatal
screening of DS revealed a group of proteins (AMBP, SAP,
CERU, CLUS, APOE, AFAM, TTHY) differentially
expressed during the 15th week of pregnancy in the mater-
nal plasma of women carrying DS fetuses compared to
normal pregnancies [1,2]. These proteins could act as
potential markers for the prevention of DS by NIPD. From
this protein group we selected SAP because the specific
protein seems to be the most promising for the NIPD of
DS, since several studies have indicated SAP involvement
to Alzheimer’s disease, a phenotype close to DS. In the
present study, through western blot analysis we evaluated
the capability of SAP to act as a reliable biomarker for the
NIPD of DS fetuses at the 10th -12th and 15th -16th week
of pregnancy [3- 5]. We analyzed 25 serum samples from
women carrying DS fetuses and 75 samples of women
with normal fetuses at the 10th-12th week of pregnancy.
Furthermore SAP levels were evaluated in 12 plasma sam-
ples from women with DS fetuses and 15 samples of nor-
mal pregnancies at the 15th-16th week of pregnancy. At
the10th - 12th week of pregnancy we found that SAP levels
were elevated in 24 out of the 25 DS pregnancies com-
pared to normal controls. At the 15th -16th week of preg-
nancy SAP was increased in all the DS pregnancies

compared to normal controls. Quantitative densitometric
analysis indicated that at the 10th-12th week of pregnancy
SAP was increased by a mean of 20% in DS pregnancies
compared to controls while at the 15th - 16th week of preg-
nancy SAP was increased by a mean of 40%. These results
indicate that SAP could be a reliable marker for the preven-
tion of DS fetuses in maternal plasma early at pregnancy.

Published: 11 February 2014

References
1. Tsangaris GT, Karamessinis P, Kolialexi A, Garbis SD, Antsaklis A, Mavrou A,

Fountoulakis M: Proteomic analysis of amniotic fluid in pregnancies with
Down Syndrome. Proteomics 2006, 6(15):4410-4419.

2. Kolialexi A, Tsangaris GT, Papantoniou N, Anagnostopoulos AK, Vougas K,
Bagiokos V, Antsaklis A, Mavrou A: Application of proteomics for the
identification of differentially expressed protein markers for Down
syndrome in maternal plasma. Prenat Diagn 2008, 28(8):691-698.

3. Kolla V, Jenö P, Moes S, Tercanli S, Lapaire O, Choolani M, Hahn S:
Quantitative proteomics analysis of maternal plasma in Down syndrome
pregnancies using isobaric tagging reagent (iTRAQ). J Biomed Biotechnol
2010, 2010:952047.

4. Heywood W, Wang D, Madgett TE, Avent ND, Eaton S, Chitty LS, Mills K:
The development of a peptide SRM-based tandem mass spectrometry
assay for prenatal screening of Down syndrome. J Proteomics 2012,
75(11):3248-3257.

5. Heywood W, Mills K, Wang D, Hogg J, Madgett TE, Avent ND, Chitty LS:
Identification of new biomarkers for Down’s syndrome in maternal
plasma. J Proteomics 2012, 75(9):2621-2628.

doi:10.1186/1878-5085-5-S1-A98
Cite this article as: Anagnostopoulos and Th. Tsangaris: Serum amyloid-p
(SAP), a potential biomarker for Down syndrome fetuses prevention in
maternal plasma. EPMA Journal 2014 5(Suppl 1):A98.

* Correspondence: atanagnost@bioacademy.gr
† Contributed equally
Proteomics Research Unit, Center of Basic Research II, Biomedical research
Foundation of the Academy of Athens, Athens, Greece

Anagnostopoulos and Th. Tsangaris EPMA Journal 2014, 5(Suppl 1):A98
http://www.epmajournal.com/content/5/S1/A98

© 2014 Anagnostopoulos and Th. Tsangaris; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited. The Creative Commons Public Domain Dedication
waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

mailto:atanagnost@bioacademy.gr
http://creativecommons.org/licenses/by/2.0
http://creativecommons.org/publicdomain/zero/1.0/

	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


