
 

 

Introduction 
 
In 1985, J.A. Carney first described a constella-
tion of lesions in a group of 40 patients, which 
included cardiac myxomas, skin pigmentation, 
primary pigmented nodular adrenocortical hy-
perplasia, myxoid mammary fibroadenomas, 
testicular tumors and pituitary adenomas. The 
mean age at the time of diagnosis was 18 years 
[1]. A total of 353 patients with Carney complex 
(CNC) have been identified, with 43% male to 
57% female representation. Most patients 
(70%) were part of an affected family, while 88 
individuals were considered to be sporadic [2]. 
A majority of cases were shown to have an af-
fected parent, suggesting an autosomal domi-
nant inheritance. Since this complex is often 
correlated with large-cell calcifying Sertoli cell 
tumor (LCCSCT), this may decrease the fertility 
of affected males [3], thus affecting the ob-
served inheritance rate.  
 
In 2000, two independent groups identified mu-
tations in the PRKAR1A gene in the 17q22-24. 
The PRKAR1A is a tumor suppressor gene that 

encodes for the protein kinase A regulatory 1-
alpha subunit [4, 5]. In a study of 51 patients 
with Carney complex, 65% had mutations of 
PRKAR1A that resulted in a truncated protein 
that is not translated [6]. The majority of muta-
tions are nonsense, frameshift and splice-site 
mutations that undergo nonsense-mediated 
mRNA decay(NMD) with resultant haploinsuffi-
cency. They are primarily seen in two hotspots, 
delTG576-577 and C769T [7]. Recently, 
Bertherat and Stratakis reviewed 353 patients 
with CNC and/or PPNAD or those with a patho-
genic PRKAR1A mutation. They found 258 
(73%) patients had a defect in PRKAR1A. Of the 
80 types of defects, only 6 coded for missense 
mutations. In their correlation with phenotype, 
they found that patients with a defect in 
PRKAR1A were more likely to have myxomas in 
all locations, thyroid tumors, psammomatous 
melanotic schwannomas (PMS), and LCCSCT’s. 
Mutations found in exons were associated with 
acromegaly, cardiac myxomas, lentigines and 
PMS. Finally, patients with mutations that es-
caped NMD had an increased number of CNC 
tumors [8]. In vitro studies of missense muta-
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tions that do not undergo NMD found that the 
mutated R1α protein was associated with in-
creased PKA activity, similar to what is seen in 
complete loss of R1α protein [9].  
 
Case Presentation 
 
Clinical history 
 
A 57 year-old man presented with multiple skin 
lesions of the eyebrow, flank and mid-back in 
January 2004. At this time, the clinical differen-
tial diagnosis included neurofibromata, dysplas-
tic nevi, and malignant melanoma. His previous 
surgical history was significant for prior removal 
of two atrial polyps in 1996 and 2003. The le-
sion from skin showed lentigenous melanocytic 
hyperplasia (Figure 1A). The histology of the 
atrial lesions showed a myxomatous polyp 
(Figure 1C). The patient was diagnosed at that 
time with Carney complex. The patient denied 
any family history of cutaneous, cardiac or endo-
crine lesions. In March of 2004, a 2.3-cm nod-

ule was identified on the right buttock. Histology 
revealed a cutaneous myxoma (Figure 1B). In 
May of 2004, a 0.5-cm, right areolar lesion was 
identified as another myxoma (Figure 1D).  
 
Novel PRKAR1A gene mutation 
 
Paraffin sections from the atrial myxoma, breast 
myxoma, skin myxoma, and pigmented skin 
lesions were selected, also including appropri-
ate normal controls. Genomic DNA was ex-
tracted from macro-dissected paraffin sections. 
The area of interest was identified by patholo-
gist. The tissue of interest was isolated by direct 
visualization and was excised with a scalpel. 
The sections were de-paraffinized. DNA was 
isolated with Qiagen kit, according to the manu-
facture’s instructions. Primers of PRKAR1A ex-
ons 1-10 were designed according to the study 
by Stratakis CA2. PCR amplification was per-
formed in a total volume of 10 μl, containing 20 
ng of DNA and a reaction mixture of 1.5 mM 
MgCl2, 5mM dNTP, 0.1 μl Taq DNA polymerase, 

Figure 1. Features of Carney complex: Lentigenous melanocytic hyperplasia (A), multiple myxomas in the skin (B), 
heart (C) and breast  (D). B inset: Alcian blue stain.  
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and 3 μM corresponding primer. PCR products 
were then sequenced using ABI Big Dye Termi-
nator Chemistry (Version 3.1) and analyzed on 
an ABI 3730 Capillary Sequencer (Memorial 
Sloan-Kettering Cancer Center, New York, NY). 
The results were analyzed using NCBI alignment 
algorithm (National Center for Biotechnology 
Information, http://www.ncbi.nlm.nih.gov, Be-
thesda, M.D.). 
 
Analysis revealed a novel point mutation at exon 
1A of the PRKAR1A gene. The mutation of GCG 
to GAG results in a change from alanine to glu-
tamic acid (Table 1). This mutation was identi-
fied in both the lesional tissue and the normal 
controls, thus consistent with a germline muta-
tion. 
 

Discussion 
 
In the literature, one prior case of Carney com-
plex was associated with a missense mutation 
at C307T. Here we report a novel mutation of 
PRKAR1A. In the knockout mice study by 
Veugelers et al., the missense mutation re-
sulted in the coding of a mutant R1α protein, 
where the majority of mutations led to a stop 
codon and nonsense mediated decay of the 
mRNA. However, neither mutation had any af-
fect on the expressed R1α’s inhibition of protein 
kinase A activity. They hypothesized that the 
missense mutation may affect the ultrastructure 
of the R1 α protein, ultimately altering its inter-
action with partner proteins other than those of 
the protein kinase tetramer. Although the major-
ity of patients with Carney complex are associ-
ated with a noncoding mutation and haploinsuf-
ficiency, the fact that a significant fraction, ap-
proximately 30%, of patients without identifiable 
mutations along with the increasing but small 
number of reported missense mutations, further 
strengthens the argument that there are addi-
tional mechanisms of tumorigenesis in this dis-
ease. Additional studies of these missense mu-
tations may help to further characterize these 
mechanisms. 
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 Table 1. Mutation in amino acid 29 of PKA 

  Wild type PKA Mutant  PKA 

Nucleotide GCG GAG 

Amino acid Alanine Glutamic Acid 



PRKAR1A mutation in Carney Complex  

 
 
548                                                                                                       Int J Clin Exp Pathol 2010;3(5):545-548 

2009;94:2085-2091. 
[9] Greene EL, Horvath AD, Nesterova M, Giatzakis 

C, Bossis I, Stratakis CA. In vitro functional stud-
ies of naturally occurring pathogenic PRKAR1A 

mutations that are not subject to nonsense 
mRNA decay. Hum Mutat 2008;29:633-639.  

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /CMYK
  /DoThumbnails false
  /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 true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


