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Sex differences in apolipoprotein A1 and nevirapine-induced
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Nevirapine (NVP) is associated with severe liver and skin toxicity through sulfotransferase (SULT) bioactivation of the phase I

metabolite 12-hydroxy-NVP [1�3]. The female sex, a well-known risk factor for NVP-induced toxicity, is associated with higher

SULT expression [4] and lower plasma levels of 12-hydroxy-NVP [3]. Interestingly, apolipoprotein A1 (ApoA1) increases SULT2B1

activity and ApoA1 synthesis is increased by NVP [5,6]. Herein, we explore the effect of ApoA1 levels on NVP metabolism and

liver function. The study protocol was firstly approved by the hospitals’ Ethics Committees. All included individuals were HIV-

infected patients treated with NVP for at least one month. The plasma concentrations of NVP and its phase I metabolites were

quantified by HPLC [7]. ApoA1 levels were assessed by an immunoturbidimetric assay. Forty-nine HIV-infected patients on NVP

were included (53% men, 59% Caucasian). NVP plasma levels were correlated with HDL-cholesterol (Spearman r�0.2631;

p�0.0441) and ApoA1 (Spearman r�0.3907; p�0.0115). Women had higher ApoA1 levels than men (Student’s t Test;

p�0.0051). In both sexes, 12-hydroxy-NVP levels were negatively correlated with ApoA1 (male: Spearman r��0.3810;

p�0.0499 female: Spearman r��0.5944; p�0.0415). In men, ApoA1 was positively correlated with aspartate

aminotransferase (AST, Spearman r�0.5507; p�0.0413), while in women ApoA1 was associated (Spearman r�0.6408;

p�0.0056) with alanine aminotransferase (ALT). These results show sex differences in NVP-induced ApoA1 synthesis. The higher

ApoA1 levels in women might stabilize SULT2B1 [6]. This would explain the lower levels of 12-hydroxy-NVP [3] and the higher

hepatotoxicity found in women, due to increased sulfonation of this metabolite. These data support a role for ApoA1 in the sex

dimorphic mechanism leading to NVP-induced toxicity.

Acknowledgments: RECI/QEQ-MED/0330/2012; PTDC/SAU-TOX/111663/2009; EXPL/DTP-FTO/0204/2012.

References

1. Antunes AM, Godinho AL, Martins IL, Justino GC, Beland FA, Marques MM. Amino acid adduct formation by the nevirapine

metabolite, 12-hydroxynevirapine � a possible factor in nevirapine toxicity. Chem Res Toxicol. 2010 May 17;23(5):888�99.
2. Caixas U, Antunes AM, Marinho AT, et al. Evidence for nevirapine bioactivation in man: searching for the first step in the

mechanism of nevirapine toxicity. Toxicology. 2012 Nov 15;301(1�3):33�9.
3. Marinho AT, Rodrigues PM, Caixas U, et al. Differences in nevirapine biotransformation as a factor for its sex-dependent

dimorphic profile of adverse drug reactions. J Antimicrob Chemother. 2014 Feb;69(2):476�82.
4. Alnouti Y, Klaassen CD. Tissue distribution and ontogeny of sulfotransferase enzymes in mice. Toxicol. Sci. 2006 Oct;93(2):

242�55.
5. Franssen R, Sankatsing RR, Hassink E, et al. Nevirapine increases high-density lipoprotein cholesterol concentration by

stimulation of apolipoprotein A-I production. Arterioscler Thromb Vasc Biol. 2009 Sep;29(9):1336�41.
6. Yanai H, Javitt NB, Higashi Y, et al. Expression of cholesterol sulfotransferase (SULT2B1b) in human platelets. Circulation. 2004

Jan 6;109(1):92�6.
7. Marinho AT, Godinho ALA, Novais DA, et al. Development and validation of an HPLC-UV method for quantifying nevirapine

and its main phase I metabolites in human blood. Anal. Methods. 2014;6:1575�80.

Published 2 November 2014

Copyright: – 2014 Marinho A et al; licensee International AIDS Society. This is an Open Access article distributed under the terms of the Creative Commons

Attribution 3.0 Unported (CC BY 3.0) License (http://creativecommons.org/licenses/by/3.0/), which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

Abstracts of the HIV Drug Therapy Glasgow Congress 2014

Marinho A et al. Journal of the International AIDS Society 2014, 17(Suppl 3):19575

http://www.jiasociety.org/index.php/jias/article/view/19575 | http://dx.doi.org/10.7448/IAS.17.4.19575

1

http://www.jiasociety.org/index.php/jias/article/view/19575
http://dx.doi.org/10.7448/IAS.17.4.19575


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /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 false
  /MaxSubsetPct 100
  /Optimize false
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF00530065007400740069006e0067007300200066006f00720020007400680065002000520061006d007000610067006500200077006f0072006b0066006c006f0077002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


