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An Adult Moyamoya Disease Confirmed by Ring Finger Protein 213

Gene Test and Radiological Studies

Soonwook Kwon, MD, Yun Kyung Park, MD, Joon-gyu Moon, MD, Woo Kyo Jeong, MD, Dongyeop Kim, MD,
Jonghwa Shin, MD, Jihoon Cha, MD? Chang-Seok Ki, MD®, Oh Young Bang, MD, Suk Jae Kim, MD

Department of Neurology, Radiology and Center for Imaging Science” and Laboratory Medicine & Genetics’, Samsung
Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

A 63-year-old female complained of transient dysarthria. MRA was conducted to evaluate this symptom, revealing distal
internal carotid artery occlusion with collateral vessel development, suggesting Moyamoya disease, which had not been
detected in MRA performed 5 years previously. Vascular risk factors and laboratory findings suggested no cardiac or
autoimmune diseases. The diameter of stenosis of the middle cerebral artery on high-resolution MRI was 2.11 mm, and
genetic evaluation revealed mutation of the gene encoding ring finger protein 213 (RNF213). High-resolution MRI and
gene studies are useful for distinguishing between Moyamoya disease and atherosclerosis.
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Figure 1. Initial and follow-up MR angiography.
(A) First MR angiography which was taken
when the patient had presented with peripheral
dizziness 5 years ago shows no significant steno-
occlusion in the intracranial arteries. (B) Second
MR angiography reveals occlusion of right distal
internal carotid artery (arrow).

Figure 2. Conventional cerebral angiography.
Right internal carotid angiograms (A: antero-
posterior view, B: lateral view) shows occlusion
of right distal internal carotid artery with initiation
of moyamoya vessels (Suzuki grade 2, arrow).
Left internal carotid angiogram (C) and left
vertebral angiogram (D) illustrates prominent
leptomeningeal collateral flow through anterior

communicating artery and posterior cir- culation.
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Figure 3. High resolution MRI. The right middle cerebral artery (MCA) is collapsed and occluded without atherosclerotic plaque. The outer

diameter of MCA is 2.11 mm without positive remodeling. The outer diameter of vessel wall was measured on cross-sectional images of the

most smallest lumen on proton density-weighted image. The boundary of the vessel was defined as the surface between the vessel wall and

meninges (or cerebrospinal fluid).* (A) Proton density-weighted image (B) T1-weighted fluid attenuation inversion recovery (FLAIR) image

(C) T2-weighted image.

=32 Bl @EF vt Edlggo] o|Fo|R]aL qISlT)
SPFEA T E B olA= o] 7P Al F919] ThHo|
Al Hgah 2 WHgdof Yl 5915 A= sto] A7

7P 2 7918 59 27 (outer diameter)’ 02 A3 Z7
A= 2.11 mm=E S =Gt k3L 43 R5olA &8] Ueht
L Fuhel w4 Zeta's Holx| (gtalFig 3) 7HEEERY
T1gANA LEF Skl ol Zulgh b xego] Bt
Hokmopollx 7P &3] FhRIE= SA™OI] HAA] 179
2]2]3} Ring finger protein 213 (RNF213) 8-AL] p.Argd810Lys
(A4810K, EZA|ENP 001243000.1 712)& &15}17] 9J3te] &
ML A FIZE 3 RNF213 7A710] 60 Al (exon)S kA A2t
St Z%}o] (primer, forward, 5’-GCTGCATCACAGGAAATGAC-3’,
reverse, 5’-AAGGAGTGAGCCGAGTTTGA-3)E o|&3lo] &
FALANTGE AT & A7IHEEAE okich 1 A
1442997 A7]AE Q1 FLoPd(Guanine, G)©] o}tl\d(Adenine, A)
O & v .14429G>A SR o(EEAENM 001256071.1)2]
o]P F & A(heterozygote) 7} HAE It} EAH= ofAm YR Z-
FEEAGAE AR & Eldstglon o] 67Y 52t 5

o] ApRe gl Aefolr

o]

El
[l

2 FEe 7430 AT S QL odellA oA
Bxjo] Ea1) ot Ftol 5 wo) ANE AT, ek
YT QAT RVF2I3 2074 E¥lo]} Bhelsle] mof
mopgoz Tltk TAHEUTAEIN 8% Agly
s wal W) eio] IRl mokmopahy
28 U 4 9l ThE Aske Q) wlEel, Weklo] o
2} F ok ol (probable moyamoya disease)]| B33

U] B FQslrh T RNF213 {37 EAHO|7T Hopk
opy o] A AR A A, 2ol 2

ot SEuEtel Y&, F9] Hopropy RS e
Aol A] BRF2] 74.5% (187/251)0ll4] RNF213 8-7%1212] R4810K
EARoI7E llem txFtollA= 2.5% (18/707)014 &gt
M7} e EAH0] §4A7L Qs A HofRop o
et HwF =Tt 1128) =8kt RNF213 34 A ol7t
SRlE HokmopE 71zl BA} At Atell A 94.1% (176/187)
oA ol FHFAE EHaL, Atel 23 307(16.0%) ] 92
Ut gl e SHATATE YL 3 RNF213 54
ER0]9] Aol whebA HopmopH o] RAPE thE 4= QL
o} Zefu Y& Aol oJstH S HERSA S oF 20%e]
Al FUE EdA¥ol7F Yeldths Hart Qo] AR AR

o

%
2
o

A} sjAol| Fo)7h Basjct’
Hopiopd g Aehsh= o] v & 4 Qe Laiidest
715494 ol gl A}t Frista ekt T wopmopya}
AUs7s 5ol ot da A&t HMS s =75

o

d-7-ol=
A4 (eccentric) F2FTF SEpA7E Holal Wt ool & ¥
9] oFA A& A(positive remodeling)o] EAJo|u} Hofr ok

3
7% A S 7o) 231 414 concentric) HAY F-&
%
A
-

i)

o & A

P BT @ S Aol st FrielE o
39 mmE 7|E0 8, TRt} @] FS AL Hofropy
o] Wz 90%, 5ol 83.3%Aonf ol FEe) A 917
| 2.11 mmE Eopmopyo] 7p7kg Aiks Wk

ARk o Hopropy2: iR Aofy]el x1eYste] AJelo]
7] Aol ezt A o] ZIgYo] Bkt Alofal= %19

e

¢

o

J Korean Neurol Assoc Volume 32 No. 2, 2014 119



344 ok A

A
Qlutopropy

o
it

orelA] ick. shAu 2 el ofsh 4
AR, B2Fe] 23.8%004] Ayt
ofmopo] 213 9lo] waleh” et

1
oo

QA obr Ag]le] =ofA Af

REFERENCES

1. Houkin K, Yoshimoto T, Kuroda S, Ishikawa T, Takahashi A, Abe H.
Angiographic analysis of moyamoya disease--how does moyamoya
disease progress? Neurol Med Chir (Tokyo) 1996;36:783-787; dis-
cussion 788.

Shimoda Y, Fujimura M, Inoue T, Shimizu H, Tominaga T. Temporal
profile of de novo development of moyamoya vasculopathy in an
adult: case report. Neurol Med Chir (Tokyo) 2012;52:339-342.

3. Fukaya R, Yoshida K, Akiyama T, Kawase T. De novo development of

120 CHSHMEMOIRIN NI327 NI22, 2014

10.

moyamoya disease in an adult female. Case report. J Neurosurg
2009;111:943-946.

. Kim Y], Lee DH, Kwon JY, Kang DW, Suh DC, Kim JS, et al. High reso-

lution MRI difference between moyamoya disease and intracranial
atherosclerosis. Eur ] Neurol 2013;20:1311-1318.

. Swartz RH, Bhuta SS, Farb RI, Agid R, Willinsky RA, Terbrugge KG, et

al. Intracranial arterial wall imaging using high-resolution 3-tesla con-
trast-enhanced MRI. Neurology 2009;72:627-634.

. Fukui M. Guidelines for the diagnosis and treatment of spontaneous

occlusion of the circle of Willis ('moyamoya' disease). Research Committee
on Spontaneous Occlusion of the Circle of Willis (Moyamoya
Disease) of the Ministry of Health and Welfare, Japan. Clin Neurol
Neurosurg 1997;99 Suppl 2:5238-240.

. Liu W, Morito D, Takashima S, Mineharu Y, Kobayashi H, Hitomi T, et

al. Identification of RNF213 as a susceptibility gene for moyamoya dis-
ease and its possible role in vascular development. PLoS One 2011;6:
€22542.

Miyatake S, Miyake N, Touho H, Nishimura-Tadaki A, Kondo Y,
Okada 1, et al. Homozygous ¢.14576G>A variant of RNF213 predicts
early-onset and severe form of moyamoya disease. Neurology 2012;78:
803-810.

Kim JM, Jung KH, Sohn CH, Park J, Moon J, Han MH, et al. High-res-
olution MR technique can distinguish moyamoya disease from athe-
rosclerotic occlusion. Neurology 2013;80:775-776.

Kuroda S, Ishikawa T, Houkin K, Nanba R, Hokari M, Iwasaki Y.
Incidence and clinical features of disease progression in adult moya-
moya disease. Stroke 2005;36:2148-2153.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [612.000 792.000]
>> setpagedevice


