Atherosclerosis is a chronic inflammatory disease in blood vessels. Cardiovascular disease (CVD)
is the leading cause of death in the western world. 70% of the mortality on a global scale is due to
CVD complication. The inflammatory process involves accumulation of fats, cholesterol and foam
cells which derived from macrophages, this inflammatory lesion in the arterial walls, called a
plaque. The growing plaque leads to the obstruction and contraction of the arteries and
narrowing of the arterial lumen which cause the artery to occlude (Fig 3). This process is
dangerous due to abnormal blood flow through the body which may lead to a heart attack, stroke
and life-threatening events. Obesity, diabetes, age, smoking and gender are all risk factors for
CVD complications. [1] We hypotheses that there is a genetic marker that serve as a risk factor
independently for micro and macro vascular complication. Haptoglobin (Hp) is an antioxidant
protein which role is to bind free hemoglobin and neutralize the pro-oxidative effect of heme iron
in the blood stream. [2] [3] Hp has three phenotype due to a mutation in the Hp gene results in
Hp 1-1, Hp 2-1 and Hp 2-2. Hp 1-1 protein is linear, compared to Hp 2-2, which is circular (Fig 1
/ 2). The circular form is more vulnerable to oxidation reactions leading to oxidative- stress due its
structure, hence Hp 2-2 is a less affective anti- oxidant. In nature the mutation of Hp does not
occur therefore there is a need for transgenic mice to evaluate the effect of Hp on the
atherosclerotic plaque. In this research we used a non invasive, in-vivo technique by microultrasound (MUS). Eventually, we concluded that there is a genetic component to determine a
population in high risk for CVD which carries the Hp 2-2genotype.
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For this research project, we, under the supervision of Hilla Lee, used transgenic mice. A murine Hp 2 allele was engineered
and introduced into the murine Hp locus by homologous recombination. Hp 2 and wild type (Hp 1) mice were backcrossed
into an ApoE -/- background in order to form plaques. [4]
A non-invasive method, Micro- Ultrasound (MUS) Imaging (Vevo-2100, Visualsonics) (Figure 6), was primarily used to
monitor the atherosclerotic plaque in different age and Hp genotype groups. Plaque parameters were assessed using MUS
high resolution in the brachiocephalic artery in 2D and 3D fashion. [5] Plaque Inter- Median – Thickness (IMT), Lumen
Diameter, Area and Volume (3D) were measured in long axis (LAX) and short axis (SAX) manner. MUS images were save in
a cine loop and were analyzed off line. In order to verify plaque existence, we preformed micro- dissection at the aortic arch
and branches.
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Fig 5: Aortic arch with the three brunches (BC,
CC, SC) in 3D; Blue color shows plaque
occludes the brachiocephalic artery in the aortic
arch in green.

Fig 6: It shows the Micro-Ultrasound Fig 4: Anesthetized mouse on a
(MUS Vevo 2100)
heated lead II platform .
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Fig 7. analyzed plaque characteristic measured by MUS. (A) 4 month –old mice ; although in no change
in lumen for both Hp genotype ,Hp 2-2 exhibit bigger plaque occlusion IMT , area and volume. (B) 5
months -old mice ; although in no change in lumen for both Hp genotype ,Hp 2-2 exhibit bigger plaque
occlusion IMT , area and volume (C) 8 months -old mice; with the exception of plaque area, Hp 2-2
characteristics compare to Hp 1-1 mice.exhibit bigger plaque

Fig 9: It presents the plaque IMT according to the mouse age from
both genotypes.
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Fig 8: It presents the plaque volume according to the mouse
age from both genotypes.
Fig 10: Plaque IMT for different ages mice from both Hp 1-1 and Hp 2-2 Apo E –/- mioe. There is
a decrease of plaque IMT from 4 months group to 5 months group but almost double in plaque
IMT from 4 to 8 month,
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Benefits of Micro Ultrasound Scanning (MUS):
Non-invasive technique.
Mice are not being sacrificed at each time point; instead, they are monitored under
anesthesia and recover fast at the end of the procedure.
Normal Ultrasound detects plaque formation/occlusion at 40% or more, whereas, the
Micro Ultrasound can detect at an earlier stage (18 %), thus, providing an
opportunity for a faster diagnosis.
This technique makes a good model for further development with drug intervention
in an earlier stage which could be beneficial and life prolonging
Differences between Haptoglobin genotypes:
We used genetically engineered murine, since the mutation for Hp 2-2 occur only
in human.
1-1 Hp genotype has linear protein structure whereas Hp 2-2 has circular structure
and thus, attaches to more hemoglobin molecules
We found difference in all plaque parameters between the different Hp genotypes.
With Hp 2-2 exhibits bigger plaques than aged matched Hp 1-1 mice
Effects of Age on Plaque of Formation:
Data show that age effects plaque formation. Plaque increases for both genotypes (11 and 2-2).
Moreover, through the results of the experiments it can be observed that the mice
with the most plaque are the oldest (8 months old), but also the mice of 2-2 Hp
genotype.
Data reaffirms that atherosclerosis is a long and chronic process.
With the increase in age, mice body fat increases as which leads to more cholesterol
build ups, and the plaque growth.
Future Direction with This Type of Project:
Drugs and different types of medicaments
Results of the changes the mice encountered during the experiment
The project should be more concentrated on the genetic factor for development of
Atherosclerosis because the information about the genetic factor is not as
prominent as the one about the physiological factors.
Gives perspectives for new non-invasive techniques.
Link between Diabetes Mellitus and Atherosclerosis can be made because 70% of
the people with Diabetes die from Cardiovascular Diseases (CVDs).
The protein (Haptoglobin) could be improved so that it can be applied to people as
well.

We proved the benefit of a non-invasive method in an animal model by innovative
technology.
We discovered a more accurate technique using 3D analysis for plaque volume.
Through series of measurements we observed the relationship between age and Hp
genotype to the development of atherosclerosis in mice:
With the increase in age, the formation of plaque (the main cause for
atherosclerosis) increases. Individuals with Haptoglobin genotype 1-1 have smaller
plaque occlusion in their blood vessels compared to individuals with Haptoglobin
genotype 2-2 that have significantly more substantial plaque occlusion. Through our
measurements, we can conclude that plaque burden (IMT, Lumen, Area, Volume
and Occlusion) for individuals with Hp 2-2 genotype are bigger than it is for
individuals with Hp 1-1 genotype. Therefore, Hp polymorphism acts as an
independent risk factor for cardiovascular disease (CVD).
We conclude that for conducting a more accurate experiment, we should use mice
at the same age and monitor plaque growth throughout time in order to make more
precise comparison which will show real plaque evolution, copare to use mice in
different ages.
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