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Heavy-ion (56Fe) irradiation leads to impaired aortic relaxation
prior to atherosclerotic plaque formation in ApoE−/− mice
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Terrestrial radiation exposure is a well-established risk factor for cardiovascular disease. For example, coron-
ary artery disease and stroke are both well-established adverse effects of therapeutic radiation, especially for
breast and head-and-neck cancers [1]. Similarly, atomic bomb survivors were significantly more likely to
die of cardiovascular disease than their countrymen [2]. Even radiation technologists, prior to 1950 (when
regulations governing shielding and occupational exposure were less rigorous), had an increased risk of clin-
ically significant atherosclerosis [3]. Although the character of the radiation in interplanetary space is very
different from that encountered on Earth, there is concern that exposure to this cosmic radiation might pose
a similar risk for astronauts. Decreased endothelium-dependent vasodilation is thought to predispose
humans to the development of structural vascular changes that precede development of atherosclerosis.
Therefore, in this study, we examined the effect of 56Fe, an important component of cosmic radiation, on
vascular relaxation. At the NASA Space Radiation Laboratory at Brookhaven National Laboratory,
10-week-old apoE−/− mice (an age at which there is little atherosclerotic plaque in the descending aorta)
were exposed to 2.6 Gy 56Fe, a dose in the range that was shown previously to accelerate the development
of atherosclerotic plaques in this mouse model at 13 weeks post-exposure [4]. The mice were then trans-
ferred to the University of Alabama at Birmingham, where they were housed under standard conditions and
fed a normal diet. At 4–5 weeks post-irradiation, aortic rings were isolated and endothelial-dependent relax-
ation in irradiated mice was compared with that of age-matched controls from un-irradiated apoE mice and
from un-irradiated wild-type mice of the same C57BL/6 genetic background. Aortic relaxation was not sig-
nificantly different between un-irradiated apoE−/− mice and un-irradiated wild-type C57BL/6 mice, consist-
ent with previous studies. 56Fe radiation, however, resulted in significantly impaired relaxation in response
to acetylcholine. This suggests that heavy-ion radiation exposure leads to impairment of normal vascular re-
activity prior to the appearance of atherosclerotic plaques, suggesting that it may be a driving force, rather
than a consequence, of radiation-induced accelerated atherosclerosis.

Keywords: cardiovascular; atherosclerosis; 56Fe; mouse; aorta; heavy ions

FUNDING

This work was supported by the National Aeronautics and
Space Administration (grant number NNX11AC61G).

REFERENCES

1. Scott AS, Parr LA, Johnstone PA. Risk of cerebrovascular
events after neck and supraclavicular radiotherapy: a systematic
review. Radiother Oncol 2009;90:163–5.

Journal of Radiation Research, 2014, 55, i42–i43 Supplement
doi: 10.1093/jrr/rrt190

© The Author 2014. Published by Oxford University Press on behalf of The Japan Radiation Research Society and Japanese Society for Therapeutic
Radiology and Oncology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0/), which
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.



2. Shimizu Y, Pierce DA, Preston DL et al. Studies of the mortality
of atomic bomb survivors. Report 12, part II. Noncancer mortal-
ity: 1950–1990. Radiat Res 1999;152:374–89.

3. Hauptmann M, Mohan AK, Doody MM et al. Mortality
from diseases of the circulatory system in radiologic

technologists in the United States. Am J Epidemiol 2003;157:
239–48.

4. Yu T, Parks BW, Yu SR et al. Iron-ion radiation accelerates ath-
erosclerosis in apolipoprotein E-deficient mice. Radiat Res
2011;175:766–73.

Supplement i43



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /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 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


