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Editorial

Serum Gamma-Glutamyltransferase
and Intima-Media Thickness: Pointing
Again to Wall/Lumen Interactions
in Atherosclerosis

Pompella A, MD, PhD1, Emdin M, MD, PhD2, Paolicchi A, MD, PhD1, and Franzini M, PhD3

Over the last decade, several epidemiology studies—including

the Framingham Heart Study1—have documented the indepen-

dent value of serum gamma-glutamyltransferase (GGT) activ-

ity in the prognostic evaluation of cardiovascular diseases.

It was observed that GGT activity is associated with overall

mortality and cardiovascular events, either in unselected popu-

lations or in patients with established coronary artery disease,

independently from potential confounders such as liver disease

and alcohol abuse.

Eroglu et al,2 in this issue of Angiology, provide an impor-

tant confirmation, insofar as they report a significant correla-

tion between serum GGT activity and another primary

atherosclerosis marker, the carotid intima-media thickness.

These observations once more point to a potential connection

between circulating GGT activity and the diseased arterial

wall. GGT activity has been shown to participate in cellular

and extracellular redox equilibria, being able to produce both

antioxidant as well as prooxidant effects depending on inter-

actions with metal ions.3 Histochemical observations have

suggested the possibility that GGT activity may actually play

a direct role in the pathogenesis of atherosclerosis and its

complications. GGT activity accumulates in intimal layers

of atherosclerotic plaques,4,5 where its participation by redox

effects in redox-sensitive processes in the progression of

lesions—chemotaxis and inflammation, proliferation of

myofibroblasts, protease/antiprotease balance—can be envi-

saged.6 However, additional studies are required to clarify the

exact origins and dynamics of serum GGT levels. The circu-

lating enzyme is thought to be mainly released from the liver

and constitutively high serum GGT has been reported in

families as an inherited autosomal dominant characteristic.7

However, the importance of genetic factors is still a matter

of debate, and the current view is that a mixture of genetic and

environmental factors may influence serum levels of GGT.7

It has even been suggested that increased serum GGT activity

may represent a link between atherosclerosis and exposure to

environmental pollutants.8 According to another view, a

source of serum GGT might be platelets: it was thus proposed

that the increased GGT activity observed in patients with

atherosclerosis may originate from increased platelet

aggregation at the site of plaques.9,10

In their present study, Eroglu et al2 discuss the possibility that

circulating GGT in patients with atherosclerosis may derive from

the vascular lesions, where GGT accumulates. The alternative

hypothesis, that GGT found in plaques may derive from the cir-

culating enzyme, is also conceivable and has recently found some

confirmation in studies aiming to compare the biochemical char-

acteristics of GGT from the 2 sources.11 Indeed, a recently pro-

posed novel analytical approach allows to separate serum GGT

into 4 distinct chromatographic fractions, of which 3 represent

aggregates of GGT with other presently unknown proteins.12 In

healthy participants, the major cardiovascular risk factors are

associated with the high molecular weight GGT fraction termed

‘‘b-GGT,’’ which is the only fraction detectable in plaques.13

Future studies will further elucidate the nature of these pro-

tein complexes and their respective significance in the patho-

genesis of atherosclerosis. Also, the relationship between

serum GGT and C-reactive protein and fasting glucose,14 as

well as other vascular diseases such as aortic valve stenosis,

needs to be investigated.15

Declaration of Conflicting Interests

The author(s) declared no conflicts of interest with respect to the

authorship and/or publication of this article.

Funding

The financial support by the University of Pisa is gratefully

acknowledged.

1 Department of Experimental Pathology, University of Pisa Medical School,

Pisa, Italy
2 Department of Cardiovascular Medicine, G Monasterio Foundation,

CNR–Regione Toscana, Pisa, Italy
3 Scuola Superiore S. Anna, Pisa, Italy

Corresponding Author:

Maria Franzini, Scuola Superiore S. Anna, Pisa, Italy

Email: franzini@biomed.unipi.it

Angiology
62(2) 105-106
ª The Author(s) 2011
Reprints and permission:
sagepub.com/journalsPermissions.nav
DOI: 10.1177/0003319710386474
http://ang.sagepub.com

 by guest on February 13, 2011ang.sagepub.comDownloaded from 

http://ang.sagepub.com/


References

1. Lee DS, Evans JC, Robins SJ, et al. Gamma glutamyl transferase

and metabolic syndrome, cardiovascular disease, and mortality

risk: the Framingham Heart Study. Arterioscler Thromb Vasc

Biol. 2007:27(1):127-133.

2. Eroglu S, Sade LE, Polat E, Bozbas H, Ulus T, Muderrisoglu H.

Association between serum gamma-glutamyl transferase activity

and carotid intima media thickness. Angiology, IN PRESS.

3. Paolicchi A, Dominici S, Pieri L, Maellaro E, Pompella A. Glu-

tathione catabolism as a signalling mechanism. Biochem Pharma-

col. 2002;64(5-6): 1029-1037.

4. Paolicchi A, Minotti G, Tonarelli P, et al. Gamma-glutamyl

transpeptidase-dependent iron reduction and low density lipopro-

tein oxidation–a potential mechanism in atherosclerosis. J Invest

Med. 1999;47(3):151-160.

5. Paolicchi A, Emdin E, Ghliozeni E, et al. Atherosclerotic plaques

contain gamma-glutamyl transpeptidase activity. Circulation.

2004;109:1440.

6. Emdin M, Pompella A, Paolicchi A. Gamma-glutamyltransferase,

atherosclerosis, and cardiovascular disease: triggering oxidative

stress within the plaque. Circulation. 2005;112(14):2078-2080.

7. Whitfield JB, Zhu G, Nestler JE, Heath AC, Martin NG. Genetic

covariation between serum gamma-glutamyltransferase activity

and cardiovascular risk factors. Clin Chem. 2002;48(9):1426-1431.

8. Pompella A, Emdin M, Franzini M, Paolicchi A. Serum gamma-

glutamyltransferase: linking together environmental pollution,

redox equilibria and progression of atherosclerosis? Clin Chem

Lab Med. 2009;47(12):1583-1584.

9. Krijgsman B, Hamilton G, Mikhailidis DP. Gamma-

glutamyltransferase and vascular disease. Clin Chem. 2003;

49(3):522-523.

10. Pompella A, Paolicchi A, Emdin M, Mikhailidis DP. Platelet acti-

vation, gamma-glutamyltransferase and stent restenosis–Comment

on the article by Ulus et al. Atherosclerosis. 2007;195(1):

e231-e232.

11. Franzini M, Corti A, Martinelli B, et al. Gamma-

glutamyltransferase activity in human atherosclerotic plaques–bio-

chemical similarities with the circulating enzyme. Atherosclerosis.

2009;202(1):119-127.

12. Franzini M, Ottaviano V, Fierabracci V, et al. Fractions of plasma

gamma-glutamyltransferase in healthy individuals: reference val-

ues. Clin Chim Acta. 2008;395(1-2):188-189.

13. Franzini M, Paolicchi A, Fornaciari I, et al. Cardiovascular risk

factors and gamma-glutamyltransferase fractions in healthy indi-

viduals. Clin Chem Lab Med. 2010;48(5):713-717.

14. Emdin M, Passino C, Michelassi C, Donato L, Pompella A, Paolic-

chi A. Additive prognostic value of gamma-glutamyltransferase in

coronary artery disease. Int J Cardiol. 2009;136(1):80-85.

15. Cappelli S, Epistolato MC, Vianello AM, et al. Aortic valve dis-

ease and gamma-glutamyltransferase: accumulation in tissue

and relationships with calcific degeneration. Atherosclerosis.

2010; IN PRESS.

106 Angiology 62(2)

 by guest on February 13, 2011ang.sagepub.comDownloaded from 

http://ang.sagepub.com/


<<
  /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 /Warning
  /CompatibilityLevel 1.3
  /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 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


