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Visualization of tumor angiogenesis and cellularity and

Prediction of therapeurtic response using functional MR in
ovarian cancer model
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Project Summary

Visualization of tumor angiogenesis and cellularity and Prediction of

Title of Project therapeurtic response using functional MR in ovarian cancer model

MRI, molecular image, perfusion, diffusion weighted image,

Key Words )
v spectroscopy, MRS, ovarian cancer

Project Leader Dae Chul Jung

Associated Company

Objective;

1. To assess the relationship between the parameters on diffusion weighted magnetic
resonance imaging and pathologic measures of tumor using a cancer Xenograft model.

2. To determine if functional MR imaging can provide information about an early therapeutic
response (cellular change) of a tumor that is not readily available from the use of
conventional MR imaging but only after a pathological examination of tumor specimens.

Methods;

1. Athymic nude mice with human cancer cell induced tumors

1) heterotopic / othotopic model

2) metastasis / therapy model
2. Functional MR imaging in order to compare the findings on MRI and pathological
specimens.

1) Using a high-field small-animal MR scanner

2) Diffusion/ Perfusion/ MR Spectroscppy
3. Preparation of pathologic specimen

1) H & E staining to evaluate tumor cellularity, intratumoral necrosis

2) Immunostained using antibodies directed against CD31 and VEGF

to determine the levels of microvessel density (MVD).

4. Comparison variable MR parameters that were measured on each tumor and (volume,
cellularity, degree of necrosis, VEGF expression and MVD) in the corresponding section of the
pathological specimen.
5. Develop orthotopic/ metastatic modt]

1) subcapsular injection and intraperitoneal injection

2) MR imaging and Contrast enhanced US imaging and correlation with pathologic slides
6. Evaluate therapeutic response of xenograft model

1) TAXOL- intraperitoneal/intratumoral inj.

2) Detect microstructural change or volume etc.

In the xenografted models, the ADC values(DWI), AUC(DCE-MR), Ktrans, Ve of solid portion
within the tumors were significantly correlated with tumor necrosis and MVD of the
pathologic specimens. The Functional MR parameters may be utilized as surrogate marker
for noninvasive assessment of change of microstructure of in cancer.

Result;
No. of SCI paper ; 2
Sum of Impact factors ; 7.4
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Figure. implantation techniques: intracapsular injection of cancer cells (LEFT) T2 weighted

MR images of the axial (RIGHT) planes show bilateal ovarian mass lesion of mice.
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(1) MR scanner (Bruker BioSpin, Rheinstetten, Germany).

(2) Anesthetized animals (with the use of isofluoran gas anesthesia)

- Prone position in the animal bed

- continous supply of 296 isoflurane in air

- monitoring of animal respiration rates and core-body temp.

via a feedback system providing warm air to the bore of the magnet

R.R maintained at 40/min,

core-body temp. was maintained between 35 °C and 37 °C.

(3) Insertion of the radiofrequency coil (38 mm i.d.) inside the magnet.

(4) Scout transverse images for correct positioning of the mouse pelvic region.

(5) Different MR sequences

; to optimize tumor visualization and signal contrast.

Bruker RARE sequence

@ T1-weighted sequences

@ T2-weighted sequences

field of view—FOV

3 x 25 cm

matrix

206 x 256

spatial resolution

117

x 98 um/pixel
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@ Twenty adjacent 0.4-mm thick coronal slices

; to cover the entire mass and to calculate tumor volume.

@ The entire acquisition time; about 12 minutes per animal.

® 15 - 20 coronal slices to cover the two tumors on both flanks.
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@ Diffusion-weighted sequences
FOV 3 x 25 cm
matrix 256 x 256
spatial resolution 117 x 98 um/pixel
slice thickness 1.0 mm
TR 2500 ms
TEeff 26.0 ms
flip angle 90°
excitations 3
b-values 0, 200, 500, 1000, and 2000 sec./mm2

(3) The corresponding b-values for the diffusion-sensitizing gradient
; 0, 200, 500, 1000, and 2000 sec./mma2.

(4) Construction of ADC map ; on a pixel-by-pixel basis for quantitative analysis

Figure. T2 weighted MR images of the axial (LEFT) planes show bilateral subcutaneous
tumors on the flank of the backs of mice. A rectangular ROI was placed within the
right tumor lateral region on the plane and for a heavily T2 weighted MR image on the
axial plane (RIGHT). The console program shows the process of the calculation of the
ADC value of the pixel area of the ROL..
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; AnAs dAAES E3 cut-down procedureE Al 3ste] EFAZE mA JHHEHES
o] 2%

- Femoral vein ; f<fo] &olstal Alo] g Wi dyz o] FAgsta fAo of

de 99 FE F 28 AE s

- Jugular vein ; fFX#&g e} AAHo] FTES FHo] Aoy, A& HolETt =5 YF

28] AH87hs.

- IVC inferior vena cava ; Al&o] @3 o] TEIAT FA7F ofdar, 2l o] A

2 SR AP E 13 ARS.
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; Modified Toft model

a) K (transfer constant, volume transfer

constant between blood plasma and extravascular extracellular space)

b) Ve (volume of extravascular extracellular space per unit volume of tissue)
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Figure. shows representative photographs of prepared pathologic specimens and measurement

of perfusion parameters.
LEFT 2: Dynamic contrast enhanced imaging and Immuno Histochemistry stating with CD31

RIGHT1: measurement of ADC and necrotic component,
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control

Figure MR spectroscopy in both flank xenograft mass and control, showing increased lactate

peak and choline p



III. o]Fo|Aute2A A T o]AH F=,
1) CO2 euthanasia immediately
; Gross findings 713

2) Method for maintaining proper orientation using korean letter

Figure. (LEFT) Nude mouse placed on a plastic holder in the prone position. The Korean
character ‘?’ marks the tumor in the proper orientation. Marking for orientation
according to line of the MR section is shown. (RIGHT) Excision of the tumor including

the overlying skin.

3) dEARE A Z2EF
- 24 hours after the last MRI
fixation ; 10% formalin for a minimum of one day & paraffin-embedded sections.
(1) Bisection along the lower horizontal line (—) on the overlying skin.
(2) serial section; parallel to the sectional face.
(3) the same plane as the axial MR images
; to permit correlation of the histological findings and MR images
(4) Consecutive 5-um sections & mounting on glass slides.
(5) Hematolylin and Eosin (H & E staining).
(6) VEGF expression

; IHC with an anti-VEGF mouse monoclonal antibody (1:80, sc-7269; Santa Cruz
Biotechnology, Fremont, CA USA) with the use of the streptavidin-peroxidase technique
with an SPtm kit (Zymed Laboratories, South San Francisco, CA USA).

(7) CD-31; THC with polyclonal antibody (sc-1506r; Santa Cruz Biotechnology) against



PECAMI1 (CD31) for microvessel staining using the LSAB method (LSAB kit; Dako,

Glostrup, Denmark).
4) 2ANMAEEE, @A d At s, T A -, AxEsEdse H7t
— Microscope ( x40 ~ %400 ) by a board-certificated pathologist
(1) Tumor cellularity
; 4 HPFs (x400 magnification) of average cellularity in each case
; Count the number of cells of lesions
- the mean number of cells after repeated measurement.
(2) Angiogenesis
; MVD within a designated hot spot on a x200 HPF
; Microvessels stained with CD-31 were counted in five adjacent HPF
; 4 different areas of the slides & The average score
(3) Degree of tumor necrosis
; photography at a magnification of x10
; Image] (National Institutes of Health, Bethesda, Md)

- estimate the percentage of necrosis within the tumo

- decision of the pathologist and recorded as percentage (%)

Figure. shows representative photographs of prepared pathologic specimens.
LEFT: H&E staing, RIGHT: ImmunoHistochemistry stating with CD31
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)

2. REIEWAFE GRA AR, Avdd vABEEssd duys ng

(correlation coefficient R = 0.8347, p < 0.000lin PC-3, R = 0.7417, p=.0001 in CFPAC-1).
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(0.81£0.21x10-3 mm2/s) in control mice, the paclitaxel treated mice (0.90+0.13x10-3
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Figure. The mean ADC value (0.81+0.21x10-3 mm2/s) in control mice, the paclitaxel treated
mice (0.90£0.13x10-3 mm2/s
L W9t Tao]2He] vlaiEA]
1. SKOV3 oA o] 2774 Bt} ¥ ARV EASFE e,
2. ARVIEMAFE XA YA Ee A S B A (correlation coefficient R = 0.811, p
< 0.0001 in SKOV3, R = 0.782, p=.0001 in 2774)
3 AN/ FAATE 240 AZWES ABYS W,
4 AW AR MAERAEERE 484 ABAL wolx 2
IV. A8z2 T 24 vufd: 5x7] A7 Fde FTEAA, T2A 34 Zd = Wl B
o] A gtoy BRIGAAFE Y AA F7F. The mean ADC value (0.81+0.21x10-3
mm?2/s) in control mice, the paclitaxel treated mice (0.90£0.13x10-3 mm2/s)
ADC ( x10-3 mm2/s) T2SI (x104 au)
Cell count
0.159 (p=0.50) 0.691 (p=0.0004) *
MVD
0.208 (p=0.352) 0.246 (p=0.270)
Necrosis
0.8347 (p<0.0001) * 0.3001 (p=0.1748)
Volume

0.777 (p=0.724)

- 0.1507 (p=0.4924)
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