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vessels. : Induction of tumor vascular normalization by
recombinant apelin administration is difficult because
the apelin peptide is unstable. For these reasons, ‘the
design of drugs that target the apelin—APJ system, such
as more stable and potent APJ receptor agonist, is
expected to provide novel agents that by regulating the
tumor vasculature will introduce an effective new cancer
treatment.

Materials and methods

Mice .
C57BL/6 mice, KSN nude mice and BALB/c mice at 8 weeks
of age were purchased-from Japan SLC. (Shizuoka, Japan) and
were used between 8 and. 12 weeks.of age..The animals were
housed in environmentally controlled rooms of the animal
experimentation facility at Osaka University: All experiments
were performed in compliance with the laws and 1nst1tut10nal
guidelines of Osaka University.

Cells

Cell lines, mcludmg colon26 PC3 and LLC, were purchased from
RIKEN cell bank (Tsukuba, Japan). The culture medium used
was RPMI-1640 contammg 10% fetal calf serum, 50um
2—mercaptoethanol 2mmM glutamine and 10mm HEPES ‘buffer.
DCs. .were; grown from bone .marrow progenitors -in culture
medium supplemented with 20 ng/ml recombinant. murine gran-
ulocyte-macrophage. colony-stimulating - factor (eBlosmence San
Diego; CA; USA).(Fujii.et al;,; 2002). On day 6, aGalCer. (100 ng/
ml; Kyowa -Hakko, Gunma, Japan) was added to immature
BMDC:s for 40h. To induce matiiration of the DCs,-100 ng/ml
lipopolysaccharide (Wako, Osaka, Japan) was added on day 7 for
16'h: Mature ocGa]Cer—pulsed DCs were collected on’ day 8 ’

Tzssue preparatzon zmmunohzszochemzstry and ﬂow cytometry

Tissue fixation a d. ections with antibodies were
performed as descnbed prevxously (Takakura et al, 2000). An
anti-CD31 monoclonal antibody- (mAb) (BD B1osc1ences, San
Diego, CA, USA), anti-o-smooth muscle actin. mAb’(Dako,
Glostrup, “Denmark), .anti-apelin mAb :(4GS5) (Kawamata
et-al., 2001), anti-APJ polyclonal Ab (Kidoya et al.,; 2008)

and an anti-NKp46 mAb (R&D Systems, aneapohs MN,
USA) were used for stammg TUNEL (TdT—medlated dNTP

Plus kit (Mllhpore Blllenca “MA, " USA) Sectxons ‘were
observed by convéntional Il’llCIOSCOpy (DMSSOO B Lelca
1
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Real-time PCR analysis

Total RNA was extracted by using the RNeasy plus kit
(Qiagen, “Hilden, Germany): and reverse-transcribed into
cDNA using the ExScript RT-PCR kit (Takara, Otsu, Japan).
The primer pairs used for analysis are listed in Supplementary
Table 1. Real-time PCR analysis was performed by using
Platinum SYBR-Green SuperMix-UDG (Invitrogen, Carls-
bad, CA, USA). The levels of PCR products were monitored
with an Mx3000P QPCR system (Agilent, -Santa Clara, CA,
USA). Baseline and threshold were adjusted according to
the manufacturer’s instructions. The relative abundance of
transcripts was normalized to the constltutlve expressxon
level of glyceraldehyde— —phosphate dehydrogenase (GAPDH)
RNA.

Tumor. growth assay

The mouse Apelin gene was cloned into. the pCAGSIH
expression - vector- (Kidoya et al.,, 2008).- Colon26 cells ‘and
PC3 cells were stably transfected by using the Lipofectamine
Plus reagent (Invitrogen) and clones of cells showing 'stable
transfection were obtained by antibiotic ‘resistance ‘selection
using -G418 (Gibco, Grand Island; NY, USA) and hygro-
mycin-B (Sigma; St:Louis, MO, USA). The stably transfected
colon26-clones (1 x 10° cells), PC3 clones (1'x 107 cells) or LLC
cells “(3-x10° cells) were inoculated subcutaneously into 6-
to 8-week-old BALB/c mice, nude mice or C57BL/6 mice,
respecuvely' ‘and tumors were dissected at 12515 days after
n. DCs (6% 10° cells) were admmlstered by
intravenous mJectlon 4 days after tumor i nt:
measure hypoxia in tumor tissues, HypoxyProbe-l (M1H1porc
60'm /kg) was ln_]CCted mtrapentoneally 1h before killing.
Tumors. sections .were stained using an antl-HypoxyProbe
antibody. To evaluate macromolecule infiltration, mice were
intravenously injected with fluorescein 1sothlocyanate~con3u-
gated dextran (500 pg; Vector Laboratones Burlmgame CA,
USA) and dextran was cxrculated for 10-30min. .

ELISpot assay : o
IFN-y-producing cells were analyzed with a ‘mouse TFN-y
ELISpot kit (Mabtech AB, Stockholm, Sweden). Perlpheral
blood mononuclear cells (5 x 10° per well, 96-well plates) v '
stimulated by addition of lOOng/ml‘aGalCer or veh1cle
Concanavalin-A was used as a positive control. IFN—y spot-
forming cells were quanuﬁed objectively by ‘using an Im-
munoScan computer system and the ImmunoSpot software
program (CTL, Cleveland; OH, USA) o e

Statistical analysis SR A ‘
All data are presented as the means+sd For statxsncal_

v
When only two groups were compared a two- Slded Student’
t-test was used L
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1.1 troductlon

anncxpated that MRA can supplant DSA as the vascular i 1magmg of
chorce for prlrnary evaluanon of E-AVMs [8- 12} In order t ,v1su-

assessment of extracranial artenoveno .
However, the catheter angiography is mvasrve and has similar
risks of contrast-induced nephrotoxicity and radiation exposure
by. contrast-enhanced- CT. imaging [6,7]. Thus, minimally invasive

0720-048X/$ = see” front matter. Crown Copyrxght © 2011 Published by Elsevxer Ire]and Ltd. All rlghts reserved
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Table1 e
The locatmn of E-AVMs.
Locatmn of} AVMs Number of patients
T o
Overall 12
Hand 7
Forearm 2
Arm 2
‘Shoulder 2
Lower extremity Overall 9
Foot 4
Calf 0
Thigh 5
Trunk 1
Total ’ 33

Note: *One patient had a diffuse AVM extending from the arm to forearm.’

and volume coverage [16]. One means of improving the spatial
resolution is TR strategy of key-hole imaging technique, such as
time-resolved imaging of contrast kinetics (TRICKS), in which the
center of k-space is oversampled, whereas higher k-space is under-
sampled. Because of increased temporal resolution of TRICKS-MRA,
the diagnostic capability has been improved for the analysis of
intracranial AVMs [17,18] and peripheral arterial occlusive dis-
eases [19,20]. To the best of our knowledge, there has been no
report regarding the demonstration of E-AVMs using this MRA
technique. The purpose of this study was to evaluate the feasi-
bility and usefulness of TRICK-MRA imaging for the analysis of
E-AVMs.

2. Materials and methods
2.1. Patient population

Institutional review board approval waived the requirement of
written informed consent for this retrospective study. Between
February 2005 and July 2007, thirty-one patients who were
clinically suspected of having E-AVM were included in this
study. The locations of the E-AVMs were shown in Table 1.
Mean age was 36 years old (range 2-66 years). Three patients
were pediatric cases under eighteen years old. DSA was per-
formed in 16 patients 3 days to 15 months after MRA, because
endovascular treatment was considered. Of 16 patients, 8
patients subsequently underwent transcatheter or direct puncture
embolotherapy, and the rernalmng eight patients were followed
up without treatment. All patients gave their informed consent
to undergo the contrast-enhanced MRA, DSA and additional treat-
ment.

2.2. MR technique

The time-resolved contrast-enhanced 3D MRA with TRICKS
sequence was obtained usmg a 1.5T-MR scanner (Signa Excite
HD, GE Healthcare Mllwaukee WwI) equipped with surface
coxls (8ch neurovascular array coil, 12ch peripheral vascular
array coil, 3ch shoulder array coil, 8ch body array coil, 8¢h

117,21]. Wit

CTL spine array coil, GP flex coil and quadrature knee coil).

‘TRICKS-MRA acquires multiple 3D volumes during the.passage

of the contrast agent bolus by using time-resolved acquisition
ich acquisition, the repeated samplmg'of the
critical centr. k—space views is combined with temporal inter-
polatlon to produce a series of time-resolved 3D 1mages 1171
Time-resolved acqmsmons such as TRICKS-MRA obviate tim-

- ing tests [17,21,22] and the separate acquisition of precontrast

images for mask mode subtraction [23]. In our institution, par-
allel imaging technique for improvement of temporal resolution
could not be apphed to TRICKS-MRA durmg the perxod of thxs
study.

. .Because the Iocatlon and size of E- AWVIS were variable, four
different scan protoco]s (Protocol Large, Middle, Small and Tiny)
were prepared for TRICKS-MRA (Table 2). Among them, suitable
scan protocol was selected individually in each case. The minimum
temporal resolution was 1.2s for hand AVMs, and the maximum
one was 7.1s for thlgh AVMs (mean temporal resolutxon 3. 0s).
Temporal resolution with'each scan protocol was shown'in Table 2.

Image acquisition was started at the same time as the start of
the intravenous administration of contrast media. The scan time
was 180 for the lower extremity lesions and 120 s for the remain-
ing lesions. A typical injection protocol consisted of bolus injection
of 20 ml of Gd-DTPA (Magnevist; Bayer Schering Pharma, Berlin,
Germany) at 2.0 ml/s followed by flushing with 20 ml of saline at
2.0ml/s. For pediatric cases younger than 18 years old, the. dose of
Gd-DTPA was reduced to 0.3 ml/kg body weight.

Especially for cases with the head and neck lesions, the lateral
projection was preferred as the basic view, because it gave a bet-
ter separation of the external carotid artery branches (Fig. 1A-C).
To avoid overlapping of the contra-lateral side branches in the lat-
eral projection, and to reduce the slab thickness to shorten the time
frame, MRA images of the right and left half of the face were sequen-
tially acquired by injecting half the amount of contrast material
separately. The minimal overlap of the both sides of the face was
secured in the middle of the face.

3. Image assessment

Two radiologists, one with eight and the other with eighteen
years of experience in diagnosis and endovascular treatment for
vascular anomalies qualitatively analyzed TRICKS-MRA images by
consensus. The degree to which TRICKS-MRA could demonstrate
the feeding arteries, the drainage veins, and the extent of the nidus
was assessed by using a 3-point scale scores: 3 - excellent (clearly
visible), 2 - fair (moderately visible), 1 ~ poor (poorly visible). In
addition, in sixteen patients who underwent DSA, how compara-
ble the findings of TRICKS-MRA were to detect each of the feeding
arterles the drainage veins, and the extent of nidus was assessed
by using 3-point scale scores: 3 - excellent (very comparable), 2
- fair (moderately comparable), 1 - poor (poorly comparable). in
case of head and neck lesions, only i images of the affected side were
evaluated for these assessments. The score of 3 was considered as
the positive result, and the proportion of the patients scored 3 was
calculated in each assessment.

Table 2

Scan protocols of TRICKS-MRA according to the lesion size.
Protocol TR/TE (ms) Flip angle (°) Slice thickness Matrix FOV (cm) Slab thickness Temporal

(mm) (mm) resolution (s)

Large 2.2-3.5/0.7-1.2 20/35 3-10 320 x 160-320 x 224 36 x 36-48 x 34 120-192 2.2-7.1
Middle 2.3-2.9/0.8-1.1 20 6-8 288 x 160 22 x 24~36x 36 84-192 1.8-3.7
Small 3.1-3.3/0.9-1 20 5 256 x 160 18 x 18-22 x 22 90-100 22-4
Tiny 3.1-3.8/0.9-1.1 20-45 3-5 256 x 160-320 x 224 16x 12-26%x 18 50-~79 1.2-3.2

Note: TRICKS =time-resolved imaging of contrast kinetics, FOV = field of view.
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Table 3
Assessment of demonstration of E-AVMs by TRICKS-MRA.

Image score
3/2/1

21/7/3
2/4/2
2/2/0

10/0/1
7/1/0

20/7/4
6/2/0
2/2/0
6/1/4
6/2/0

18/10/3
1/5/2
211
9/2/0
6/2/0

1 cases. The several initial
sel because of the dxfference

- category per scan protocol
eeding arteries (Figs. 1A and
as excellent, and 3 of 31
o of the three patients had
srearm to the humerus, and
Jowever, the blood flow was
eries clearly, and they were
‘nidus and dilated drainage
ed by additional DSA. In the
on in the nasal root, the scan
eding artery was extremely
“veins (Fig. 1C), 20 patients
I patients (13%) were graded
1. AVMs in the medial face or
ccipital region. As the nidus
as not dilated, and difficult
extent of nidus (Fig. 1D), 18
nt, and three patients (10%)
nts had large ill-defined dif-
{(the same patients as above
in the feedmg artery) and the thxgh and the scan protocol of Large

/ 'patlents, Tespectively Asa

Table 4 754, 8‘8A,; and SSA of the patlents were graded as excellent
to show the feedmg artenes the dramage vems and the e tent
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Fig. 2. A 26-year-old woman with AVM of the left fifth finger.

(Sequence parameters of TRICKS-MRA Temporal Resolutxon 1.2s TR: 3.6/TE: 1.1, Flip Angle: 20°,

16 x 12, Slab Thickness: 42 mm, type of shown image: MIP image.)

(A) TRICKS-MRA showed the infiltrative nidus supplied by a dominant tortuous feeding artery

transcatheter embolotherapy.

as good.

(C) A small thin microcatheter was advanced selectively into the nidus, and dehydrated ethanol was carefully injected (z rrow)
(D) After embolization, opacity of the nidus was reduced while visualization of digital arteries was

5. Discussion

MR imaging is helpful for the classification of vascular anomalies
and for defining their anatomic extent [24]. However, both spa-
tial and temporal resolutions of conventional MRA have been still
limited for evaluating vascular components and hemodynamics of
each lesion [24]. Herborn et al. [25] first reported the efficacy of
time-resolved contrast-enhanced dynamic MRA for assessment of

(B) Embolization was performed, and the finding of DSA correlated well with that of TRICKS-MRA. The correlatlon of the findi Z be veen CRICKS MRA ancl DSA'was graded

peripheral vascular malformations using a three-dimensional fast
low-angle shot sequence. However, the sequence required a sep-
arate bolus test injection to determine the arrival time of contrast
media into the feeding artery, and still, the images were obtained
only at approximately every 30s interval. In contrast, the mean
temporal resolution was 51gmﬁcantly improved to approximately
3-5sin our study and also similar second-scale in other studies by
applying the novel technique like TRICKS [17,19]. In addition, there
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Fig. 3. A 60-year-old man with AVM of the right
(Sequence parameters of TRICKS-MRA: Temporal
Slab Thickness: 150 mm, type of showri image: -MIP:image.)

thAngle 35°, Slice Thickness: 3 mm SlxceSpacmg‘l 5m 1 atnx 320 % 224,FOV: 44 % 30.8,

(A) TRICKS-MRA shows AVM in the right thigh. The right- superﬁcxal femoral artery (arruw) was recogmzed asa feedmg artery overlapped w1th dramage vems (arrow head)
(B) The drainage veins (arrow head) were more prominent in the subsequent phase (6 of 30 phases): : :

Table 4
" Comparability of TRICKS-MRA to DSA.
Category Score 3/2/1
The feeding artery 12/1/3
The drainage vein 14/0/2
The extent of nidus 14/0/2

The definition of 3-point scale scores: 3 - excellent (TRICKS-MRA was very compa-
rable to DSA), 2 - fair (moderately comparable), 1 - poor (poorly comparable).

is no need for test-injection or operator-dependent triggering to
obtain pure arterial images.

In the image assessment, demonstration of the feeding arteries,
the drainage veins, and the extent of nidus were graded as excellent
in 68%, 65% and 58% of the patients, respectively. In contrast, the
visualization were poor especially in extensive AVM, in which the
feeding arteries overlapped the dilated drainage veins and diffuse
spread of the nidus in the same time frames. In such large E-
AVMs, TRICKS-MRA requires the thicker slab thickness for the wide
coverage of the lesion, however, temporal resolution is compro-
mised instead. During the study period, parallel imaging technique
to improve temporal resolution of TRICKS-MRA was not available
in our MRI equipment. If this technique were applied in TRICKS-
MRA, the demonstration of each component might be improved
especially in larger E-AVMs. In comparison with DSA, TRICKS-MRA
showed the comparable findings with DSA in 75%, 88%, and 88%
of the patients to show the feeding arteries, drainage veins, and
the extent of nidus, respectively. Thérefore, TRICKS-MRA is a feasi-
ble and useful modality prior to DSA and the further endovascular
treatments in selected patients with E-AVMs. TRICKS-MRA may
reduce the needs for routine catheter angiography of diagnostic
purpose especially in children and young adults.

Our study has several limitations. First, it was a retrospective
study with a small number of patiénts enrolled. E-AVM is an uncom-
mon disease that can occur in the entire body. As the location and
size of each lesion significantly differ among patients, the com-
prehenswe image assessment is difficult. Nevertheless this is the
first report assessing the feasibility of TRICKS-MRA to demonstrate
E-AVMs in spite of the small patient group. Second, the tempo-
ral resolution of TRICKS-MRA was still inadequate compared with
that of DSA to assess E-AVMs. Because the temporal resolution in
3D MRA inversely correlates with spatial resolution, it is difficult to
ensure a short time frame to obtain sufficient slab thickness. There-

fore, in this study, we prepared the four different scan protocols
according to the size and location of E-AVMs (Table 2). However,
the time frame could be shortened to less than 2s only in small
thin objects like a hand, whereas it increased to as long as 6-7s
in large thick lesions. Especially, in the thigh and trunk lesions
requiring large scan coverage, it was necessary to increase slab
and slice thickness to minimize the temporal resolution. At this
time, it is still early to recommend particular appropriate param-
eters through our limited experience in this study. Petkova et al.
reported the effectiveness of TRICKS-MRA combining parallel imag-
ing for the diagnosis and follow-up of intracranial AVMs [26].
The combination of parallel imaging technique and TRICKS-MRA is
promising to improve the temporal resolution and image quality in
the assessment of E-AVMs. Further investigation will be necessary
to optimize scan parameters and the method of contrast injection
according to the type and location of each anomaly.

In conclusion, although there are several limitations, TRICKS-
MRA is a feasible and useful vascular imaging technique to provide
time-resolved analysis of angioarchitecture of E-AVMs.
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Figure 1: (a) Chest CT scan showing arteriovenous fistula (arrows). (b) Pulmonary angiography showing pulmonary arteriovenous malformation located in the right
upper lobe with the short length of the feeding artery before entering the venous sac (arrow). (c) Photograph of operative field. Dilated superior pulmonary vein. -
(d) Main pulmonary artery and dilated ‘superior trunk of the right pulmonary artery. (e) Dilated superior pulmonary vein before clamping of main pulmonary
artery (yellow arrow). (f) Collapsed superior pulmonary vein after clamping of main pulmonary artery. Blocking blood flow to the right main pulmonary artery sig-
nificantly reduced the diameter of the superior pulmonary vein (yellow arrow).

the large size (8 cm in diameter) and the position near the
hilum implied that the blood flow into the PAVM was ex-
tremely high. In addition, some investigators have proposed
FiO; (%) pH pCO, (mmHg) PO, that the cause is a defect in the terminal arterial loops [7],

(mmHg) which causes enlargement of thin-walled capillary sacs, indi-
cating that the feeding vessels as well as aneurysm sac
might be fragile. Therefore, we used a muscle-sparing thora-

Preoperative (baseline) Room air 7.39 34.1 41.0
Intraoperative preresection 100 7.28 51.9 554 . > :
Intraoperative postresection 100 7.29 50.1 400 cotomy approach to achieve better hilar and vascular

Postoperative (POD 7) Room air 7.39 34.6 759 control. In addition, we considered that there was potential
for damage to the pulmonary artery or pulmonary vein
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Supplementary Video 1: A dilated superior pulmonary vein was seen at the
hilar region of the right upper lobe. To avoid damaging the weakened vessel
walls, we clamped the right main pulmonary artery and controlled the blood
flow into the PAVM. Restriction of the blood flow into the right upper lobe
significantly reduced the diameters of both superior trunks and superior vein,
which allowed for safe stapling the superior vein (V1-3) and superior trunk of
the right pulmonary artery.

during transection of those vessels, therefore we blocked
the blood flow into the PAVM before shearing off the
vessels. Using this method, a right upper lobectomy was
safely performed.

In conclusion, we report a case of a large PAVM with aneurys-
mal formation located in the pulmonary hilum. Surgical treat-
ment still plays an important role when managing such large,
high-flow PAVMs with aneurysmal formation in a central
location.

SUPPLEMENTARY MATERIAL

Supplementary material is available at ICVTS online.
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