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My research profile

Imaging Atherosclerosis
ldentification of new imaging probes
Radiation Protection

Upper limb functional imaging related
to daily activities




A Microscopic view

C Transverse macroscopic view
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Clinical detection of plaque and stenosis
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Lindsay and Choudhury, Nature Rev Drug: Disc 7: 517 2008



Pre-clinical and sub-clinical detection of atherosclerosis
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Impaired Endothelial cells encourage the secretion of various molecules

A glycoprotein involved in Markers of Inflammations Upregulated adhesion
haemOStaSiS e C-reactive protein mO|ECU|ES aﬂd Selectil'l
e Von willebrand factor (Mannucci PM | ® Cytokines e Intracellular adhesion molecule-1
et al, 1998) (ICAM-1)
e Vascular cell adhesion molecule-1
(VCAM-1)
e E- or P- Selectin
Cell adhesion molecules Scavenger receptors
Ig superfamily members INtaGHtS
: on endothelial cells and :
on endothelial cells S o ath s ale calle on endothelial cells,
Facilitate firm attachment of : smooth muscle cells and
leukocytes to endothelium, Mediate cell-extracellular macrophages
Selectins upregulated during matrix attachment, '
inflammation overexpressed on anglogenic Recognize and bind
on endothelial endothelium to modified forms of
cells LDL, cause
Mediate atherogenesis due to
leukocyte

unregulated lipid
uptake

recruitment
from circulation
during
Inflammation



|  Vascular endothelium

In response to various

insults (oxidative stress)

promote endothelial dysfunction




Forearm blood flow

(Strain-gauge plethysmography)

* 1990: Panza and co-workers

Resistance vessel reactivity in response to
pharmacological or physiological stimuli

-BF is measured by temporarily occluding

the venous return (by a cuff inflated to 40
mmHg) and

of the distal portion of the limb due to
pharmacological or physiological stimuli




Forearm blood flow

(Strain-gauge plethysmography)

Benefits

e good sensitivity and specificity
e reproducible and less observer
dependent

Drawback

e relatively invasive

e cannot examine large vessel
physiology which is more
relevant to vascular disease




mFlow Mediated Dilation

1989: Anderson and co-workers

a validated non-invasive measure
of endothelial function

Surrogate Marker for CHD

measurement of changes up to
o.1mm in arterial diameter

subjects with overt vascular
disease

subjects with cardiovascular risk
factors even in asymptomatic
subjects

diabetic patients




The Setup

= Fatty streaks
Intimal thickening



Healthy endothelium mediated vasodilation

Normal flow conditions

Increased flow conditions

Impaired endothelium mediated vasodilation

Normal flow conditions

Increased flow conditions

endothelium



I Reactive Hyperemia
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From Clifford et al. FASEB J. 24: 804.12, 2010.



The Examination

*Placement of Cuff at forearm

Locate the brachial artery by color flow
and pulsed Doppler

*Inflate and then deflate the cuff
*Hyperemic flow generated

*Monitor the lumen diameter continuously
*Offline measurement with computer aids



Factors influence the resultant vessel dilatation

-..Shear Stress
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Courtesy: Tousoulis D, et al, Heart 2005;91:353-358




ml Factors induce vascular
dilatation impairment

Dysfunction in NO production
in the endothelial cells (e.g.
deficiency of NOS co-factor)

Over production of endogenous
inhibitors of NOS

Reduced NO bioavailability

VSMC insensitivity to NO

Dysfunction of VSMC

FMD (%)
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m Aging
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Faulx, etal Amercan Heart Journs! 145563.951 2003

Kyama, et al. Amarcan Hesrt Journal 132 779.782, 1995

Hashimoto, et al infernations’ Jouwna/ of Obesty: Feiar Melad Disotd 22477455, 1965
Caballero, AE., Obesfy Research 1111278-1289, 2003,
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Research / clinical
Application
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& 2006 International Society of Nephrology

Vascular defect beyond the endothelium in type Il
diabetic patients with overt nephropathy

and moderate renal insufficiency
WB Chan', NN Chan'| CWK Lai®| WY So', MKW Lo', KF Lee', CC Chow', C Metreweli* and JCN Chan'
"Departrment of Medicine and Therapeutics, The Chinese University of Hong Kong, Frince of Wales Hospital, Shatin, Hong Kong;

E[-'-'E‘,DLTFETI’?ET?!’ of Radiology., United Christian Hospital, Kowloon, Hong Kong and '?E?Epar?rr?enr of Diagnostic Radiology
and Organ Imaging, The Chinese University of Hong Kong, Prince of Wales Hospital, Shatin, Hong Kong

= |nChinese subjects with type 2 diabetes, hyperglycaemia,
hypertriglyceridemia, smoking and albuminuria were independent predictors
for endothelial dysfunction

= Type 2 diabetic subjects with overt nephropathy had impaired endothelium-
dependent and endothelium-independent dilatation, suggesting vascular
dysfunction beyond the endothelium.

= |nagreement with studies from Caucasians, smoking was the most important
determinant for vascular dysfunction in Chinese type 2 diabetic patients with
overt nephropathy.

= Furthermore, FMD was predictive of new onset of cardiovascular events and
related death in Chinese type 2 diabetic patients with overt nephropathy.




My study...e.

e Invite those relatives of diabetes patients whom follow
up at the diabetic mellitus and endocrine clinic at the
Prince of Wales Hospital

e at least 40 years old (middle-aged Chinese)
e No previous diagnosis for diabetes
e No previous diagnosis for any cardiovascular disease

e Not taking any kind of long-term medications except
hypertensive drugs
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Demographic N=52
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Intima-media

Thickness (IMT)

Timed-averaged velocity
(TAV)

* % change in brahcial
blood flow velocit

% change in brachial blood
flow volume (Q)

o Q=TAV(mr?)

FMD

e % change in Lumen
diameter



Carotid IMT (mm) 0.7410.23

% change in Brachial blood flow Volume (%) 5541195

Flow Mediated Dilation 4_54i2_26
(FMD%) (endothelium dependant)

Glycerin Tri-nitrate Induced Dilation (GTND%) 14.313.77
(endothelium independent)

FMD/GTND ratio 0.3210.15
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*=p<0.05, **=p<0.01

SpPEaRNanSIEoEl ationicoeticientsavitigEVID

,‘—\_CJ:—J - 0‘343*
Walst circumierence -0_363*

BIVI -0.313%
garotiailivig -0.349*
-0.233
-0.143
-0.290
-0.290
0.206

-0.127

-0, 529**




Available online at www.sciencedirect.com
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ELSEVIE Diabetes Research and Clinacal Pracnuce 64 (2004) 93-98
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Increased leptin concentrations and lack of gender difference

mm Iype 2 diabetic patients with nephropathy

W.B. Chan, R.C.'W. Ma., N.N. Chan*. M.C.Y. Ng.
P.C.Y. Tong, W.Y. So. JJC.N. Chan
Dapartmeant of AMdadicine and Thorapeoutics, The Prince of Wales Hospital, The Chinaese University of FHong: Kong, Shatin,

Accepted 28 Octobier 2003

= Leptin plays animportant role in the requlation of body weight and
energy balance

women have higher circulating leptin level than men.

= However, the present study demonstrate that:

Serum leptin concentrations were higher in Type 2 diabetic
patients with nephropathy than normoalbuminuric diabetic
patients and controls.

= Finding:
Diabetic men with nephropathy had proportionally higher serum

leptin such that the gender difference in leptin observed in non-
nephropathic individuals was abolished.




Further study using MRI

Table 15.1 Types of nanoparticles that have been used for MRI molecular imaging of atherosclerosis

Class of agent Nanoparticle type ~ Diameter Targeting moiety Target
[ron oxide nanoparticle =~ USPIO ~20 nm None Macrophage [5]
(superparamagnetic) CLIO ~40 nm Peptide VCAM (activated endothelium) [4]
SPIO ~100 nm None Macrophage
MPIO ~5 um Antibody Platelets [6]
Lipid-based HDL mimic ~15 nm None Areas of HDL trafficking [7]

nanostructure Micelle ~20 nm Peptide, antibody, hydrophobic a -
(paramagnetic) tyrosine residues ipid-ri

Liposome 80-500 nm
PFEC emulsion ~200 nm Peptide, antibody

1. MR imaging of lipid-rich plaques
*Gadofluorine : Macrocyclic Gd chelate (diameter 5 nm)
*T1W MR imaging in atl5sT
*Successful targeting of
*Successful differentiation between early and advanced plaques
2. MR imaging of fibrin
*EP-1873 : fibrin-binding peptide coupled to 4 Gd chelates
*T1W MR imaging of in
*Successful targeting of thrombus in ruptured atherosclerotic plaques




Table 3. Molecular targets utilized in in vivo studies for stage-specific visualization of plaque progression.

AHA  Characteristic Molecular target Ligand NP Imaging modality
stage (location)
I Activated VCAM-1 (luminal) Peptide sequence 123 07 "Tc Nuclear
endothelium (not specified)
VCAM-1 (luminal) Antibodies - Magneto-optical - Optical
1 nanoparticles
- Microbubbles - Ultrasound
- Iron oxide particles - MRI
VCAM-1 (luminal) Peptide sequence Magnetofluorescent NPs Optical and MRI
VHSPNKK
VCAM-1 (luminal) Peptide sequence Magnetofluorescent NP Optical and MRI
VHPKQHR
P-selectin (luminal) Antibodies - Iron oxide NPs - MRI
- Microbubbles - Ultrasound
/Il | Macrophages/| MMPs (sub-endothelial) Peptide sequence Near infrared probe Optical
Inflammation GGPRQITAG
Cathepsin K Peptide sequence Near infrared probe Optical
(sub-endothelial) GHPGGPQKC
Macrophage Scavenger Antibodies Immunomicelles Optical and MRI
2 Receptor (CD204) Ultrasound
‘ (sub-endothelial)
P2 receptors or adenosine  Adenosine 5 Nuclear
nucleotide receptors nucleotides
(sub-endothelial)
Glucose transporters FDG 18¢ Nuclear

(sub-endothelial)
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numper=—August 2 Efficacy of Contrast-enhanced
US and Magnetic Microbubbles
Targeted to Vascular Cell
Adhesion Molecule—1 for
Molecular Imaging of
Atherosclerosis'

Juefel Wu, MD
Howard Leong-Poi, MD
Jianping Bin, MD, PhD
Li Yang, MD

Yulin Liag, MD, PhD

Ying Liu, MD Materials and
Jingjing Cai, MD Methods:
Jiajia Xie, MD

Yili Liu, MD

To evaluate whether microbubbles targeted to vascular cell
adhesion molecule-1 (VCAM-1) (CD106) coupled with a mag-
netic guidance system could improve the efficacy of contrast-
enhanced molecular ultrasonography (US) of atherosclerosis
in the aorta.

Conclusion:

Use of a magnetic targeted microbubble system
results in greater attachment to endothelial VCAM-
1 in atherosclerotic aorta in conditions of high
shear stress and improved detection of early
inflammatory changes of atherosclerosis.

The animal research committee at Southern Medical Uni-
versity approved all experiments. Adherence of magnetic
VCAM-1-targeted microbubbles, control mactive magnetic
microbubbles, and nonmagnetic VCAM-1-targeted microbub-
bles to VCAM-1-Fc was determined in vitro by using a flow
chamber at variable shear stress (1-24 dyne/cm®) under
magnetic field guidance. Attachment of microbubbles under
magnetic field guidance was determmed mn vivo with fluores-
cent microscopy and contrast-enhanced US of the abdominal
aorta in wild-type (C57BL/6) or apolipoprotein E (APOE)-
deficient mice on a regular or hypercholesterolemic diet.
General factorial analysis of variance was used to compare
the targeted effect of the microbubbles among different am-
mal groups to identify significant differences.




Plagque neo-vascularisation detected by contrast-
|| enhanced molecular ultrasound.

Common ultrasound molecular
imaging probes:
microbubbles

microparticles
nanoparticles

Characteristic:

These particles are targeted to
specific molecular structures
present on the cell surface in the
tissue of interest.

The concept of ultrasound
molecular imaging is that, after
intravenous injection,

v'A and B : showing microbubles with the plague
v C: immunohistological staining of the fibrous these probes bind to disease-
cap of the lesion imaged showing positive staining specific epitopes and can then
for CD31 corresponding to a large first-order

neovessel (asterisk) and a smaller second-order :
neovessel (arrowhead) time.

be imaged noninvasively in real

Reproduced from Coli et al, Elsevier.



1. Plague composition
2. Arterial wall biomechanics

3. Plague neo-vasuclarisation
4. Molecular imaging of vascular phenotype changes on
a sub-cellular level

Ultrasound molecular imaging of atherosclerosis

Beat A. Kaufmann*

Division of Cardiology, University Hospital Basel, Petersgraben 4, 4031 Basel, Switzerland
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KEYWORDS Recent advances in our understanding of the pathophysiological mechanisms of atherosclerosis have
Atherosclerosis; created the need for better non-invasive imaging of vascular phenotype. Ultrasound is widely available,
Ultrasound; inexpensive, and well suited for high-throughput screening in populations that are at risk for athero-
Contrast; sclerosis. Novel ultrasonic approaches for the diagnosis of vascular changes in atherosclerosis include
Molecular imaging (1) assessment of plaque composition by evaluation of the backscattering properties of tissue, (2)

assessment of the changes in arterial wall biomechanics, (3) assessment of plaque neovascularization,
and (4) molecular imaging of vascular phenotype changes on a subcellular level. It is thought that such
new imaging methodologies will lead to earlier detection of atherosclerosis, and better assessment of
the risk for aggressive disease progression. Novel therapies for atherosclerosis will undoubtedly
become available within the next decades, and non-invasive imaging techniques will be needed for
cost-efficient application of existing and new drugs.
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