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Melanocortin-3-receptor promoter polymorphism
associated with tuberculosis susceptibility does
not influence protein expression
Marlene Eggert*, Martina Pfob and Ortrud K Steinlein
Abstract

Background: The melanocortin-3-receptor (MC3R) is a member of the G-protein coupled receptor family that
mediate cellular response through the cyclic adenosine monophosphate signalling pathway. In the promoter
region of MC3R the polymorphism rs6127698 has previously been shown to be strongly associated with
tuberculosis susceptibility. It is predicted to generate an alternative transcription factor binding site.

Findings: We investigated the functional impact of rs6127698 by luciferase assay to assess if this polymorphism is
capable of altering protein expression. Our results did not show any significant protein expression changes when
comparing the two alleles of rs6127698.

Conclusions: Our experiments demonstrate that the rs6127698 polymorphism does not influence protein
translation. A functional role of the predicted alternative transcription factor binding site could therefore not be
confirmed. These results suggest rs6127698 has no direct role in tuberculosis susceptibility. The possibility remains
that this polymorphism is linked to an adjacent functional genetic variant, acting as a surrogate marker for
disease risk.
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Findings
Introduction
Tuberculosis still poses a severe health problem world-
wide and is classified as the second most frequently
cause of death in respect of infectious diseases according
to the World Health Organization [1]. Great effort has
been made to find genomic regions and specific genes
within these regions that play a role in tuberculosis sus-
ceptibility, respectively in protection against the disease
[2-4]. Cook et al. found two genomic loci linked to tu-
berculosis susceptibility by sibling pair analysis and
could further narrow it down to two genes, one of them
being the melanocortin-3-receptor gene (MC3R) [2].
This G-protein coupled receptor has been implicated in
a broad spectrum of physiological processes such as en-
ergy homeostasis, fat metabolism and immune response
[5,6]. In a recently performed study by Adams et al. the
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major allele guanine (G) of the single nucleotide poly-
morphism (SNP) rs6127698 in the promoter of MC3R
showed a highly significant association with tuberculosis
susceptibility. In this work, an in silico predicted alterna-
tive transcription binding site generated by the G allele
was discussed as a possible reason for the association
with tuberculosis [7]. The aim of the present study was
to investigate the hypothesis that the G allele of SNP
rs6127698 is able to regulate protein expression due to
the creation of a transcription factor binding site.

Material and methods
Firefly luciferase vector pGL4.10 (AY738222.1) and
renilla luciferase vector pGL4.74 (AY738230.1) were pur-
chased from Promega (Mannheim, Germany). The
promoterless vector pGL4.10, encoding the firefly lucifer-
ase reporter gene luc2, contains a multiple cloning site
upstream of luc2 to enable promoter studies. Vector
pGL4.74, harbouring an HSV-TK promoter and the renilla
luciferase reporter gene hRluc, is used as an expression
control to normalize for transfection differences. The
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promoter region and 50 untranslated region (50UTR) from
position −1 to −984 of the MC3R gene (NM_019888.3)
were synthesized (MWG Eurofins, Ebersberg, Germany)
with the endogenous KpnI restriction site mutated and
cloned into the multiple cloning site of pGL4.10 with KpnI
and NcoI (Fermentas, St. Leon-Rot, Germany). After clon-
ing, the correct sequence with the endogenous KpnI re-
striction site was restored by site-directed mutagenesis and
confirmed by sequencing. The minor SNP allele T was also
created by site-directed mutagenesis.
The human embryonic kidney cells (HEK) 293 were

cultured in T75 flasks in monolayer with DMEM (Sigma-
Aldrich, Hamburg, Germany) containing 4.5 g glucose,
10% FBS, 1% L-Glutamine and 1% Penicillin/Streptomycin
(Invitrogen, Karlsruhe, Germany) and maintained in a hu-
midified atmosphere at 37°C and 5% CO2. For the experi-
ments, the cells were co-transfected with the reporter
plasmid pGL4.10 containing the MC3R insert with the
SNP allele G (MC3R-G) or the SNP allele T (MC3R-T),
respectively, and the control plasmid pGL4.74 at a ra-
tio 20:1 using TransIT W-LT1 Transfection Reagent
(MoBiTec, Göttingen, Germany) with 24 h transfec-
tion prior to luciferase assay. The cells were seeded
24 h prior to transfection with 3x105 cells in 24 well
plates (Greiner bio-one, Frickenhausen, Germany). The
firefly and renilla luciferase activities were measured
with the TRiStar LB941 (Berthold Technologies, Bad
Wildbad, Germany) by the Dual-GlowW luciferase assay
system (Promega, Mannheim, Germany) according to
the manufacturer’s protocol. The ratio of firefly lucifer-
ase and renilla luciferase activity was determined and
normalized to pGL4.10. The various 50UTR constructs
are expressed as fold change to pGL4.10.
Figure 1 No altered protein expression was observed when comparin
MC3R. Fold change of firefly activity normalized to pGL4.10, is illustrated fo
The experiment was repeated independently three
times with triplicate samples. A two-tailed t-test was used
to compare the values of the test samples and the control
samples. A p value of p < 0.05 was considered statistically
significant. The data are expressed as fold change and as
mean ± SEM.

Results and conclusion
The two constructs MC3R-G and MC3R-T were com-
pared to each other by luciferase assay. The results
showed no significant differences in protein expression
between the two SNP allele variants (MC3R-G 0.35 ±
0.05; MC3R-T 0.38 ± 0.09; p = 0.816) (Figure 1). Thus,
our findings do not support the previously reported hy-
pothesis that the major allele G of SNP rs6127698 cre-
ates an alternative transcription binding site [7]. At least
in our experimental setting, rs6127698 did not show any
significant impact with regard to MC3R promoter func-
tion. However, we cannot rule out the possibility that
that the predicted transcription factor binding site cre-
ated by the major allele G only becomes functional in
certain cell types. Such a phenomenon has been reported
in the literature before, e.g. for a transcription site in the
human glutathione transferase kappa promoter [8]. Cell-
specific transcription factors or other non-ubiquitously
expressed proteins might be possible reasons for such a
selective mechanism. Furthermore, we cannot exclude
the possibility that the major allele G of SNP rs6127698
initiates a different, yet unknown, biological mechanism
not detectable by the methods used here. Such an un-
known mechanism could account for the reported asso-
ciation. A third possibility would be that the SNP allele
itself might be non-functional but linked to a nearby
g the two alleles of SNP rs6127698 in the promoter region of
r the three different constructs; 1, pGL4.10; 2, MC3R-G; 3, MC3R-T.
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polymorphic site that itself affects protein expression or
function. Further research is needed to elucidate the pre-
cise role of MC3R and its variants in terms of tubercu-
losis susceptibility.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
ME designed the study, carried out the experiments, analyzed the data and
drafted the manuscript. MP helped to perform the experiments, to acquire
the data and to draft the manuscript. OS designed the study, interpreted the
data and critically revised the manuscript. All authors have given their final
approval of the submitted version.

Acknowledgments
We thank Eva Hermann and Franz Jansen for excellent technical assistance.
This work was supported by the Deutsche Forschungsgemeinschaft
[STE16511-2].

Received: 5 February 2013 Accepted: 12 March 2013
Published: 15 March 2013

References
1. Global Tuberculosis Report. 2012. http://apps.who.int/iris/bitstream/10665/

75938/1/9789241564502_eng.pdf.
2. Cooke GS, Campbell SJ, Bennett S, Lienhardt C, McAdam KP, Sirugo G, Sow O,

Gustafson P, Mwangulu F, van Helden P, Fine P, Hoal EG, Hill AV: Mapping of a
novel susceptibility locus suggests a role for MC3R and CTSZ in human
tuberculosis. Am J Respir Crit Care Med 2008, 178(2):203–207.

3. Cervino AC, Lakiss S, Sow O, Bellamy R, Beyers N, Hoal-van Helden E, van
Helden P, McAdam KP, Hill AV: Fine mapping of a putative tuberculosis-
susceptibility locus on chromosome 15q11-13 in African families. Hum
Mol Genet 2002, 11(14):1599–1603.

4. Miller EN, Jamieson SE, Joberty C, Fakiola M, Hudson D, Peacock CS,
Cordell HJ, Shaw MA, Lins-Lainson Z, Shaw JJ, Ramos F, Silveira F,
Blackwell JM: Genome-wide scans for leprosy and tuberculosis
susceptibility genes in Brazilians. Genes Immun 2004, 5(1):63–67.

5. Hruby VJ, Cai M, Cain JP, Mayorov AV, Dedek MM, Trivedi D: Design,
synthesis and biological evaluation of ligands selective for the
melanocortin-3 receptor. Curr Top Med Chem 2007, 7(11):1107–1119.

6. Tao YX: Mutations in the melanocortin-3 receptor (MC3R) gene:
impact on human obesity or adiposity. Curr Opin Investig Drugs 2010,
11(10):1092–1096.

7. Adams LA, Moller M, Nebel A, Schreiber S, van der Merwe L, van Helden PD,
Hoal EG: Polymorphisms in MC3R promoter and CTSZ 30UTR are
associated with tuberculosis susceptibility. Eur J Hum Genet 2011, 19(6):
676–681.

8. Shield AJ, Murray TP, Cappello JY, Coggan M, Board PG: Polymorphisms in
the human glutathione transferase Kappa (GSTK1) promoter alter gene
expression. Genomics 2010, 95(5):299–305.

doi:10.1186/1756-0500-6-99
Cite this article as: Eggert et al.: Melanocortin-3-receptor promoter
polymorphism associated with tuberculosis susceptibility does not
influence protein expression. BMC Research Notes 2013 6:99.
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

http://apps.who.int/iris/bitstream/10665/75938/1/9789241564502_eng.pdf
http://apps.who.int/iris/bitstream/10665/75938/1/9789241564502_eng.pdf

	Abstract
	Background
	Findings
	Conclusions

	Findings
	Introduction
	Material and methods
	Results and conclusion

	Competing interests
	Authors’ contributions
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /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 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


