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Background
Exposure to tobacco smoke (ETS) induces epigenetic
modifications including DNA methylation [1]. In asthma,
it has been shown that those modifications affect
immune cell differentiation by downregulating expression
of specific pro-inflammatory cytokines [2-4]. Interleukin
1 (IL-1) is recognized to be increased in asthma [5] and
by cigarette smoke [5,6]. Based on previous genetic asso-
ciation [7,8] and DNA methylation signature of receptors
in asthma and/or atopy the aim of this study is to evalu-
ate the changes in expression and methylation pattern
induced by ETS for IL-1 subunit alpha (IL-1A) and beta
(IL-1B), receptors type I (IL-1R1), type II (IL-1R2) and
antagonist (IL-1RA) and for interleukin 33 (IL-33) in lung
tissue.

Methods
Primary epithelium cells isolated from bronchial biopsies
of mild asthmatics and non-asthmatics individuals were
exposed to whole tobacco smoke according to method
described [9]. Level of mRNA was measured by qRT-PCR
and methylation was assessed by bis-pyrosequencing for
IL-1A, IL-1B, IL-1R1, IL-1R2, IL-1RA and IL-33.

Results
ETS increased mRNA level of IL-1A and IL-1B in both
asthmatic and non-asthmatic individuals. IL-33 showed a
significant decrease in gene expression following ETS in
asthmatic individuals but not in non-asthmatics. IL-1R1
was decreased in non-asthmatic individuals but no

change was observed in asthmatics. IL-1R2 and IL-1RA
increased in both asthmatic and non-asthmatic indivi-
duals. We observed DNA methylation differences in
IL-1R1 promoter between ETS and non-ETS cells.

Conclusions
Modifications of genes expression induced by tobacco
smoke could modify IL-1 family resulting in an increase
of inflammation in lung tissues of asthmatic and non-
asthmatic individuals. These changes may be induced by
DNA methylation. Efforts to better interpret and inte-
grate data from genetics and epigenetics are needed to
better understand the biology of asthma as well as a bet-
ter comprehension of the impact of tobacco smoke in
the inflammatory component of asthma.

Authors’ details
1Département des sciences fondamentales, Université du Québec à
Chicoutimi, Chicoutimi, Quebec, G7H 2B1, Canada. 2Centre de recherche,
Institut Universitaire de Cardiologie et de Pneumologie, Ste-Foy, Quebec,
G1V 4G5, Canada. 3Département de biochimie, Université de Sherbrooke,
Sherbrooke, Quebec, J1K 2R1, Canada. 4ECOGENE-21 et la Clinique Lipidique,
Hôpital de Chicoutimi, Chicoutimi, Quebec, G7H 5H6, Canada.

Published: 18 December 2014

References
1. Wilhelm-Benartzi CS, et al: Association of secondhand smoke exposures

with DNA methylation in bladder carcinomas. Cancer causes & control:
CCC 2011, 22(8):1205-13.

2. Lange P, et al: A 15-year follow-up study of ventilatory function in adults
with asthma. The New England journal of medicine 1998, 339(17):1194-200.

3. White GP, et al: CpG methylation patterns in the IFNgamma promoter in
naive T cells: variations during Th1 and Th2 differentiation and between
atopics and non-atopics. Pediatric Allergy and Immunology: official publication
of the European Society of Pediatric Allergy and Immunology 2006, 17(8):557-64.

4. Jones B, Chen J: Inhibition of IFN-gamma transcription by site-specific
methylation during T helper cell development. The EMBO Journal 2006,
25(11):2443-52.

* Correspondence: valerie.gagne-ouellet@uqac.ca
1Département des sciences fondamentales, Université du Québec à
Chicoutimi, Chicoutimi, Quebec, G7H 2B1, Canada
Full list of author information is available at the end of the article

Gagné-Ouellet et al. Allergy, Asthma and Clinical Immunology 2014, 10(Suppl 2):A55
http://www.aacijournal.com/content/10/S2/A55 ALLERGY, ASTHMA & CLINICAL 

IMMUNOLOGY

© 2014 Gagné-Ouellet et al; 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/4.0), 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:valerie.gagne-ouellet@uqac.ca
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/


5. Dinarello CA: Biologic basis for interleukin-1 in disease. Blood 1996,
87(6):2095-2147.

6. Fu JJ, et al: Systemic inflammation is associated with differential gene
expression and airway neutrophilia in asthma. Omics: A Journal of
Jntegrative Biology 2013, 17(4):187-199.

7. Daley D, et al: Analyses of associations with asthma in four asthma
population samples from Canada and Australia. Human Genetics 2009,
125(4):445-459.

8. Daley D, et al: Associations and interactions of genetic polymorphisms in
innate immunity genes with early viral infections and susceptibility to
asthma and asthma-related phenotypes. The Journal of Allergy and Clinical
Immunology 2012, 130(6):1284-1293.

9. Semlali A, et al: Whole cigarette smoke promotes human gingival
epithelial cell apoptosis and inhibits cell repair processes. Journal of
Periodontal Pesearch 2011, 46(5):533-541.

doi:10.1186/1710-1492-10-S2-A55
Cite this article as: Gagné-Ouellet et al.: Tobacco smoke induces
changes in IL-1 family in bronchial epithelial cells obtained from
asthmatic individuals. Allergy, Asthma and Clinical Immunology 2014 10
(Suppl 2):A55.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Gagné-Ouellet et al. Allergy, Asthma and Clinical Immunology 2014, 10(Suppl 2):A55
http://www.aacijournal.com/content/10/S2/A55

Page 2 of 2


	Background
	Methods
	Results
	Conclusions
	Authors’ details
	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


