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StMCHSIM grApMstnl) - RIQME] gatolstnl?
A 3

IR RS A IFHPFIAE ol83te] Azke] AL AEE o|F o2t FHoM FbdzINS
g53tom, T5 A3l Bzl Y5 vl A4S sto] Hal Aol APt olF o]
2 Bo] FPMES] YR 2o 3l vl HAskax) st

2 AF 13ulele] 4zt 9] S HFHo=Z o2t H, Fkel AAHo] 5~10 mmE AFFBIE ul
Pdslslalct. 7.0T 27|13 9 87d=](Bruker, BioSpin, GmbH, Rheinstetten, Germany)S AR83}e] T2
PFS A}l FARIFEAAS singleshot EPI sequence ARE3Fe] bgks 0, 200, 500, 1,000, 2,000
sec/mm’E S7FPAN IS FSslsitt. TS H&E FAT CD-319] WSS ol gafe] Eko|
Axdee} vAgd 4, 24 Ul 2R A=E 7RI & AlESol diste] &3ty dad A
= 29]ofut <=9] ZJFAlS(Spearman Rank correlation statistic) S ARS8 0 dI&H=7ke] A8 FAIA
AHE F317] $I8l regression modelS A-8-3FT

AR} AESe] PG Fat 0.7327 x10° mm’/s TAZ}F 01075 X 10° mm/sFom, 29373
ANSATE F 624,656, TFHAL 62,008 52 YERITE At METFe] 2A8HA 4o AR ujg Al
Zlo M| Tl et 12270, vNEILEE Har 1870, F%] HAREE 26.5%30h Sl
oF FRlle] Frpgeete] AFAGT) o8t IAE YERIEKR = 0.7417, p (0.01). o9} o] 1xFg 2
AL A FEPIIRE o8t AL AET olF o]2] Fo Fbdzd o ddEhATE $5 Ul
YA Ax Fo dnEF T HlE wkgehs tiERIAE AME F leS ERIskth

FM Hol: Sz, BV, AeH AET

I. M = ueba] Fol gEX 4%, HolE mizishks deid @

Fe ATAoR AT 5 Qiokd 7IE ] %4

o AEshd 540 Wit Sddd RO B gaxgy gy Hag So gdsiay w0 © 2 9

= = 1 ’

T i drlolehe 3840 A4S Ada Qlok th &7 Ao tist 7|20 o]fET 9l %2

A vAEd dies AR BRI 2

FEU(R01E 78 319), MAIY(201H 8 179), Y2011 9F 4Y) o2} ALAjo] Aeko] Q. olo vmBle] Ar|EH
- o] =& 20109 FAchta aff @7y Aol s ATEYE -

Ut - " B AFARD AEolHA YA AFollA gL WEEA

TR QB (356-706) 2 AARA] Sju]d dEe] 8604%] o7 AT 4 Sl Hiole vt & 4= Qi olF &

Gt At FEARE Z3TE TR GSS 229 Aol whet

TEL : 041-660—1056, E-mail : lchl16@hanseo, ac kr

- 239 —



Sha7)sst Vol 34, No. 3, 2011

Uolfe BA LB JEE +X3t L Gy
IoR HTAT HAY R W BF Al
o gug AFIL, A71g] A7I7E AXE Gl
A=t ABTY 7k Fox 7o) Bl AR
ow F AIFFGIE WAl Baxo) o
S 2 Aol 7.07 AEE AIFFIYRAE |
sfo] QIZke] HAGE HES CFPAC-1Z olF o]Al3t
oA A7 FHYES BASstol AT A4 Protocol &
Aol BB AN W FUSHT GRg
Akl Wl B4 SiET WAl At

BY| FF AT LR 20| Bolo] oW
NS ATY 5 YA dopaas Gk

1. AR0e

AE 20~28 go] FAIAO] gle Fi(nude) 7 A
13upe](Zk 7hA & 270e) F9F 2670 F WA gl =
9] F= Aol Bt B ARS) AFE AHEA
ot AR & 20~24TE FAAZI | 1242
YA AT7FY F7](18:00~06:00)2 SA|5t9cH =&
AP 9 AdEEe e AHEYNational
Institute of Health)?] A& &£451H, SHIANH &
= A¥ $99¥Y3](Institutional Animal Care and
Committee, TACUC)Q] 5%l 3fof] A& =St

2. gy

13uke] o] o] 26709 A AlEF CFPAC-1
(American Type Culture Collection, Manassas, VA
USA)= i AF9] % dtefoll 7dk(subcutaneous)
2 el MEFE ol @ Fol FUel 7ol 510
mm AER SIS o MRIAE HSsic) 1eln
23} BAS Sfa) COol oI5} Skt AZlow], 25 &
o]t Pl 225k AlEolA RhEolfith, MRY
2 7.0T MRAXA|(Bruker BioSpin GmbH, Rheinstetten,
Germany)E ARSI oW, AF = Isofluoran gas an-
esthesias ©o]8&3}o] ul¥|s}al, Tl-weighted(RARE se-
quence, Bruker) HARS FOV=3X25cm, Matrix=
256 X256, slice thickness=1,0mm, TR =1,300ms,
TE=9.0ms2 3JE319ct  T2-weighted(RARE  se

quence, Bruker) AL FOV=3x25cm, Matrix=
256 X256 slice thickness =1,0 mm, TR =2,500 ms, TE
- 36.0ms® FoF AS Wow daros ik

S ZGAHDWI)S  single—shot EPI sequence@®
TR = 2,500 msec, TE =26 msec, flip angle =90°, ¢}7]
314> =3, matrix size=128X962 2 b—values= O,
200, 500, 1,000, 7121 2,000 sec/mm’Z EF AAS
Fobdom Aty ADC map> AP A4
42 F9l pixelnltt AFsAoz AXLFEIE ADC gk
9] £4& ROIE YUY dFolut HrHEe A2t #
2ol 3 sliced 34 ke A5t Hit ADC P2 =
g3t h(Fig. 1).

o

FOLe HeB QN uHEUS] L2 dohis] Sio)
A4 CD-310] tigt WMelEAS AuS sho] 9] cellu
larity®} microvessel density(MVD), £ Y A} Hx=
£ B7Psth(Fig. 2, Fig. 3).

SAS 242 MRGH S0l Fg ADOGt
T2 Sl(signal intensity) %/} £oF9] A|ZZof diste] &
Sopite] dvd HAR= Spearman
staticsE ARESIR O, AEHpIe] Ay WA ofF

£ 73171 913l regression modelZ 2§33,

ol

ofX

)

correlation

R 55
e l{f
Sk

) E > e 2 ] N
B ” SRAN I T T e
e A e B S
Fg. 2. Pathologic specimen stained with H&E

— 240 —



& Al=F0| ehirgzgdat sty wA)] Et A+

NG E 5w

- .1.;4?-’

b : :33" v {;l , ‘; "'.', & ,
R R R SR N M AP T R ST

Fg. 3. Immunohistochemical stainig for CD31

AZ 5oL 95%(p €0.05)%] H-E QolAo]
Hoslg o, ©E BAH2 Window 7|WF B
@] STATA 10.0(Stata, College Station, Tx USA;
PLUS 6.2 Insightful, Seattle, WA USA)& AME-3}9]

i)
Rl ojm
B 3o

hva

|

S_
ot
. A5 Zat

1. BALTAND BY TS 2

A Az bz gire] ddshiAleet 234
oH4 240 vlmdt A ohga Ak

At HlsEF=2] ADC value:= 0.61~1,01x10 ° mm’/s
o] Wglell A Hit 0.7327x10°° mm’/s EZEHA} 0.1075
%107 nmlz/s‘ﬂi‘:q, T2AGA oA A7} ZRS 468,175
~852,6262] HoJo|A Hal 624,656 FZHA}l 62,6085
2 et

Ao MEZe] 22F Bajo] Au} mHlE AR
A EAEIM AES] ik 63~275 WS4 F
1227010, vlNEPUEE 3~1970 HLlolA 1870, 2
o] I 0~65% HNA Bt 26.5%% LERTH
(Table 1),

0% !

2. BHMLZAML FHFt NEZFO| TEEMO
ArpEE|

AEA 0] ARAE Yokt A3k ADC value?} &
W] ZAReRe] AAIS7E R=0,7417, p=0,0001%
EfL} ADC value®} FoFe] TAlete] AldAl= &

3IAqF ADC value@} 2980 AMEZU%E, MVD, tumor
volumeX}o] A= o7t A AE UehdA] eskth
(Table 2).

ADCTF FOPpe TAle] HTEAY HIATANE
(linear relationship)= ADC(mm®/s) = 0,75 x10 *+(0.56
x10° X tumor necrosis(%)® ZHEH AAYAL R =
0.697, p <0.001% UERSITHFig, 4).

T2 SI2} A AEFQ] cellularity AUAS7) R =
0.6914, p 0.001Z o3t AHHAE HERHCH, 3
A o] AFUAAS o2 2t

T2 SI=3,821x10"+(1,409 X10” X cell count)® &
Hu] AHAS R =0.478, p <0.0012 Lebdeh(Fig. 5).

0.0012 |-

0.0011

0.0010

0.0009

ADC (avg.)

0.0008 .-~

0.0007 -

0.0006 . . . 1 . 1 N 1 N 1
10 20 30 40 50 60 70

% of NECROSIS

ol

Fig. 4, Scatter plot with a regression line between tumor
necrosis(%) and mean ADC value in tumor, There
was a linear relationship between the ADC value
and tumor necrosis (R =0.697, p ¢ 0.001).
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Table 1, Tumor characteristics of DW MR and pathologic specimen

Mean value Range SD
DWW MR parameter
Meaz: AD? 0.732 0.61 ~ 1.01 0.107
{(x107° mm-/s)
Mean T28SI 624,656 468,75 ~ 852,626 62,608.5
Pathologic specimen
Long diameter{mm) 5.226 3.44 ~ 7.50
Cell count(Number) 122 63 ~ 275
MVD{Number) 18 3~ 19
Necrosis(%) 26.5 0 ~ 65
V olume(rm®) 98.18 6.18 ~ 114.26
Table 2, Correlation coefficients between DW MR parameters and pathologic findings
MR s Mean T25I

(x107% mm-/s)

Cellularity 0.159 (p=0.50) 0.691 (p=0.00004)"
MVD 0.208 (p=0.352) 0.246 (p=0.270)
Neaosis 0.741 (p<0.0001)" 0.300 (p=0.1748)
Volume 0.777 (p=0.724) -0.150(p=0.4924)
Iv. 1 & T Ay Frloleks 3 E4S AYa g
Z 42 A2zt wio] 7 Hold wjmitt A vk YAoF
Az A A FABAA S Ted] R 29 e AET 5 vk wEbA oo AER AH, Aol
28 wtolg) 2X]7] i, APl 29z st E Wiiske Ewd @4 9 S99 SAE sl
o] ZANZFS Zo|mA] AAFE 7+ GAF slAS] s @ RS AAIE 4 9l Aot E AN ¥
A 7] IS AHAAZIH, olE oggt A9 A JEHikA =2l MVD(microvessel density), £ W A
3 gkl g Al Wulo] o) wisky zzo] EAS = AEE WashlA sigleh H AR Al <l
AAXNAE AgHog BA3F 4= QA dth & 2379 e fekeAtet AYAdRAE e R 7t =R
B4 HAo] =g olgd 4 gt M= FFe cellularity2t ADCZE hofl & A=A 7} 9L
ghe AEIHY Eo] wje BUst AopolAw w  ohl HuEd ST 7.0T A AEE A1E
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+ Abstract

A Study on the DWI and Pathologic Findings of Cancer Cells

Jae-Gu Seong'® - Cheong-Hwan Lim"

Y Department of Radiological Science, Hanseo University -
2 Department of Radiology, National Cancer Center

In this study, we evaluated diffusion weighted imaging (DWI) to investigate whether the DWI parame-
ters can predict characteristic parameters on pathologic specimens of tumor or not. CFPAC-1 was injected
subcutaneously on the back flank of athymic nude mice (n=13) then two tumors were initiated on each
mouse (2X13=26 tumors), The mice were sacrificed to make specimen immediately after initial MR imag-
ing then were compared with the MR image. A dedicated high-field (7T) small-animal MR scanner was
used for image acquisitions, A T1 and T2 weighted axial image using RARE technique was acquired to
measure the T2 values and tumor size, DWI MR was performed for calculating ADC values, To evaluate
tumor cellularity and determine the levels of MVD, tumor cells were excised and processed for H-E stain-
ing and immunostaining using CD31. T2 values and ADC values were computed and analyzed for each
half of the tumors and compared to the correlated specimens slide. Median ADC within each half of mass
was compared to the cellularity and MVD in the correlated area of pathologic slide. The mean of ADC
value is 0,7327%10° mm’/s and standard deviation is 0,1075%10” mm’/s, There is a linear relationship be-
tween ADC value and tumor necrosis (R2=0.697, p{0.001). DW image parameters including the ADC val-
ues can be utilized as surrogate markers to assess intratumoral neoangiogenesis and change of the internal
structure of tumor cells,

Key Words : Diffusion weighted image, Apparent diffusion coefficient, CFPAC-1

— 244 —




<<
  /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 /Warning
  /CompatibilityLevel 1.3
  /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 true
  /PreserveOverprintSettings false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 [450.709 654.803]
>> setpagedevice


