
LETTER TO THE EDITORS

Is the word ‘biomarker’ being properly used by proteomics
research in neuroscience?

Daniel Martins-de-Souza

Received: 11 January 2010 / Accepted: 29 January 2010 / Published online: 14 February 2010

� The Author(s) 2010. This article is published with open access at Springerlink.com

Lately, when researchers see an article with the word

‘‘biomarker’’, they feel, at least, suspicious. Sometimes,

even scared and such feeling of distrust occurs mostly

because the majority of the published articles in the field of

global proteome analysis are revealing, for instance, dif-

ferentially expressed proteins in pathologic conditions and

claiming that biomarkers are being discovered. In addition

to transform a differentially expressed protein in a bio-

marker, a long road has to be travelled.

Biomarker is defined by the United States Food and

Drug Administration (FDA) as ‘‘a characteristic that is

objectively measured and evaluated as an indicator of

normal biologic or pathogenic processes or pharmacolog-

ical responses to a therapeutic intervention’’ [1]. Such

definition is, indeed, quite specific and very different from

a differentially expressed protein discovered as potentially

related to some disease in a small set of sample. Therefore,

researchers are totally correct regarding their suspicions.

Searching at PubMed database (31 Dec 2009), the word

‘‘biomarker’’ returns 477,273 different articles that have

exponentially increased in the recent years (Fig. 1a). If the

words ‘‘biomarker and proteomics (or proteome)’’ are

searched, we can also realize a massive number of articles

in the past 13 years (30,719 articles), and an exponential

increase in the number of lately published articles

(Fig. 1b). Searching the word ‘‘biomarker’’ from 1996 to

2009 (1996 was when the first article of proteomics (or

proteome) and biomarker was published), we can find

342,751 articles, which means that proteomics research

have published 8.96% of the articles which contains

‘‘biomarker’’ as keyword. This huge number of articles is

very far to be at same proportion to the number of the

recently discovered biomarkers that are useful to disease

diagnosis, indicators of disease status, or targets to monitor

and predict response to therapeutics or disease outcome

and such data show us that a better definition for differ-

entially expressed proteins with potential to be biomarkers

has to be implemented, to leave the word ‘‘biomarker’’ to

its own and well-defined meaning, avoiding the misuse of

the term.

Recently, researchers have been used safer terms such as

‘‘potential biomarker’’ or ‘‘biomarker candidate’’ for pro-

teins differentially expressed in diseased conditions that

might have a potential as biomarker. I would propose that

the correct term for most of developed research regarding

biomarker discover based on the most of published articles

not only for proteomics, but also in transcriptome and

association studies, would be ‘‘potential biomarker candi-

date’’ (PBC). Why such name? Considering a differential

proteome analysis comparing healthy and diseased tissue,

differentially expressed protein will be found by high

throughput and semi-automatic proteomics methods. At

this point, I would say we would have a simple ‘‘biomarker

candidate’’, which means something far, at least two levels

away from a real biomarker. The biomarker candidates

need to be validated in a greater and statistically significant

universe of individual samples using distinct methodolo-

gies such as Western blot, ELISA or single and multiple

reaction monitoring (SRM or MRM). If such proteins are

indeed validated as differentially expressed, then we would

have a second level of candidate, which I would call PBC.

And we are clearly aware that for a PBC reach the
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‘‘biomarker’’ level, many other steps must be climbed,

using different parameters and technologies, studying dif-

ferent sets of samples, considering potential confounding

factors. A good review for that can be found at Mischak

et al. [2] and its references.

Sets of adequate standards to proteomics studies for

biomarker discovery have been already proposed, applied

in proteome research [2] and required by proteomics

journals. Now, we need to define to ‘‘potential biomarkers’’

or ‘‘biomarker candidates’’ a better and clearer term or

name that could really be distinct from ‘‘biomarker’’, that

has its own and well-defined meaning. For most of clinical

proteomics studies, I believe that PBC would be a con-

siderable suggestion. This way, it would be possible to

clearly separate PBC from biomarker, two entities that

have very different concepts and distinct values. Moreover,

an adequate nomenclature would facilitate the judgment of

the researchers and reviewers, who may feel more com-

fortable to read PBC instead biomarker in clinical proteo-

mics studies.

Open Access This article is distributed under the terms of the

Creative Commons Attribution Noncommercial License which per-

mits any noncommercial use, distribution, and reproduction in any

medium, provided the original author(s) and source are credited.

References

1. Chakravarty A (2003) Surrogate markers: their role in regulatory

decision process. Food and Drug Administration, http://www.fda.

gov/cder/Offices/Biostatistics/Chakravarty_376/sld016.htm

2. Mischak H, Apweiler R, Banks RE et al (2007) Clinical

proteomics: a need to define the field and to begin to set adequate

standards. Proteomics Clin Appl 1:148–156

4 501 6574

43450

0

50000

100000

150000

200000

250000

300000
A

B

1950's 1960's 1970's 1980's

158247

268497

1990's 2000's

50 226

1334

3651

7026

9251 9181

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

1996-1997 1998-1999 2000-2001 2002-2003 2004-2005 2006-2007 2008-2009

Fig. 1 a ‘‘Biomarker’’ b
‘‘Proteomic or proteomics or

proteome and biomarker’’ on

PubMed

562 Eur Arch Psychiatry Clin Neurosci (2010) 260:561–562

123

http://www.fda.gov/cder/Offices/Biostatistics/Chakravarty_376/sld016.htm
http://www.fda.gov/cder/Offices/Biostatistics/Chakravarty_376/sld016.htm

	Is the word ‘biomarker’ being properly used by proteomics research in neuroscience?
	Open Access
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


