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Absence of the RET+3:T allele in the MTC patients
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Abstract

The mutations of the RET proto-oncogene contributes to the development of MTC by increasing the activity of the
receptor encoded by this gene. Variant T of polymorphism rs2435357 located in the enhancer of the RET gene
reduces the enhancer’s activity. The opposite effects of rs2435357 and the mutations causing medullary thyroid
carcinoma resulted in the investigation of the status of this polymorphism in patients with MTC. In our study, we
compared the frequency of polymorphism rs2435357 in the group of 48 MTC patients with its frequency in Polish
population. The frequency of heterozygotes C/T at rs2435357 reached almost 12% (18/152) for the Polish
population, in contrast to the group of MTC patients where not even a single T allele was found. The frequency
difference is statistically significant. This observation might indicate that the presence of the heterozygous T allele at
rs2435357 may be associated with the inhibition of medullary thyroid carcinoma development.
Background
The RET proto-oncogene (MIM 164 761), located on
10q11.21, encodes a receptor tyrosine kinase. At the
end of the 90s, the association of RET gene mutations
with the occurrence of medullary thyroid carcinoma
(MTC) and Multiple endocrine neoplasia type 2A
(MEN 2A) was described [1,2]. Mutations in the RET
proto-oncogene, leading to the development of MTC,
increase the activity of the receptor encoded by this
gene. These mutations occur in the part of gene
encompassing exons from 11 to 16, and 75–80% of all
cases of hereditary MTC carry a mutation in codon
634 located in exon 11 [3].
The common polymorphism rs2435357 (previously

termed RET+3:C/T, with an ancestral allele C and a
derived mutation allele T) in the noncoding enhancer
element MCS+9.7 (Multispecies Conserved Sequence
located 9.7 kb from the ATG codon) in intron 1 of
the RET gene is a HSCR (Hirschsprung Disease) sus-
ceptibility allele [4,5]. A single mutation allele T is
associated with 6-fold decrease in activity of the RET
gene enhancer. The homozygous variant T/T
increases the risk of Hirschprung disease 20-fold [5].
Variation in the frequency of allele T is observed in
the world. Scientific data shows that it is virtually
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absent within Africa, and has an intermediate fre-
quency in Europe (0.25), however it reaches high fre-
quency (0.45) in Asia [4,5].
The RET gene mutations, leading to the occurrence of

MTC, increasing the protein activity and variant T at
rs2435357 acts, in a sense, antagonistically to the RET
gene mutations, therefore it was interesting to investi-
gate the prevalence of this allele in our 48-person group
of patients with medullary thyroid carcinoma.

Methods
The group of 48 patients (37 men and 11 women)
with medullary thyroid carcinoma participating in the
study was not screened for mutations in the RET gene
and was selected on the basis of clinical symptoms. In
4 cases, a family history of medullary thyroid carcin-
oma (FMTC) was reported. The control group con-
sisted of 152 anonymous individuals (76 men and 76
women) randomly selected from the Polish population.
The analysis of alleles frequency at rs2435357 was per-
formed by using the PCR-RFLP method. In the first
stage, the RET gene fragment containing rs2435357
was amplified using forward primer 50gagtgcatgggga
cagtt30 and reverse primer 50ggaaactgccaattaggttat30.
Subsequently, the PCR product was subjected to re-
striction digestion with endonuclease Hin1II. The T allele
creates a restriction site for the enzyme. The digestion pro-
ducts were separated on 6% polyacrylamide gel and after-
wards DNA products were visualized with silver staining
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Figure 1 Restriction analysis of the fragment of RET gene for
the control group. Arrows indicates the digested RET+3:T allele.
The separation was performed on 6% polyacrylamide gel.

Table 1 Frequency of the rs2435357 polymorphism in the
studied group

Woman Man

rs2435357
C/C

rs2435357
C/T

rs2435357
C/C

rs2435357
C/T

MTC patients 37 0 11 0

Control 68 8 66 10
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(Figure 1). The occurrence of the T alleles detected in the
analysis was confirmed by sequencing (Figure 2). The stud-
ies was approved the local Ethics Committee at the Poznań
University of Medical Science, resolution No. 629/07.
Written informed consent was obtained from the patient
for publication of this report and any accompanying
images.

Results and discussion
For the Polish population, the incidence of heterozygous
variant rs2435357 reached almost 12% (18/152), while in
Figure 2 Sequence analysis of the fragment of the RET gene encomp
Direct sequencing of PCR product performed using DYEnamic ET dye term
analyzed on MEGABACE 500 DNA sequencer (GE Healthcare).
the study group of patients with MTC not even a single
T allele was found (Table 1). Frequency difference is
statistically significant and according to the Fisher’s
Exact Test the two-sided P value is 0.0080.
Mutation allele T is associated with reducing the

activity of the RET gene enhancer. The consequences
of this reduction have a negative impact on homozy-
gotes by increasing the risk of Hirschprung disease
several dozen times. The obtained results led to the
conclusion that possibly the presence of heterozygous
mutant allele T at rs2435357 can inhibit the develop-
ment of medullary thyroid carcinoma. This may be
related to the antagonistic effects of this polymorph-
ism in relation to the mutations that increase the
activity of the protein causing MTC. This conclusion
was drawn based only on a study of a small group of
patients with MTC and should be confirmed in a
larger cohort.
Taking our observation into consideration, it would be

interesting to investigate the possible role of the
rs2435357 in modifying the course of MEN2A.
assing C/T polymorphism. Arrow indicates the polymorphic site.
inator (GE Healthcare). The sequencing reaction products were



Borun et al. Hereditary Cancer in Clinical Practice 2012, 10:14 Page 3 of 3
http://www.hccpjournal.com/content/10/1/14
Acknowledgements
The studies were partially financed by Ministry Of Science and Higher
Education, project no NN402287436. Proofreading by Anna Ciechanowska.

Author details
1Institute of Human Genetics Polish Academy Sciences, ul. Strzeszyńska 32
60-479, Poznan, Poland. 2University of Medical Sciences, Poznan, Poland.

Received: 29 May 2012 Accepted: 17 October 2012
Published: 22 October 2012

References
1. Donis-Keller H, et al: Mutations in the RET proto-oncogene are associated

with MEN 2A and FMTC. Hum Mol Genet 1993, 2(7):851–856.
2. Hofstra RM, et al: A mutation in the RET proto-oncogene associated with

multiple endocrine neoplasia type 2B and sporadic medullary thyroid
carcinoma. Nature 1994, 367(6461):375–376.

3. Cebrian A, et al: Polymorphisms in the initiators of RET (rearranged during
transfection) signaling pathway and susceptibility to sporadic medullary
thyroid carcinoma. J Clin Endocrinol Metab 2005, 90(11):6268–6274.

4. Emison ES, et al: Differential contributions of rare and common, coding
and noncoding Ret mutations to multifactorial Hirschsprung disease
liability. Am J Hum Genet 2010, 87(1):60–74.

5. Emison ES, et al: A common sex-dependent mutation in a RET enhancer
underlies Hirschsprung disease risk. Nature 2005, 434(7035):857–863.

doi:10.1186/1897-4287-10-14
Cite this article as: Borun et al.: Absence of the RET+3:T allele in the
MTC patients. Hereditary Cancer in Clinical Practice 2012 10:14.
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


	Abstract
	Background
	Methods
	Results and discussion
	Acknowledgements
	Author details
	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


