
Speciality Area: Molecular Imaging, Cancer Course Educational Weekend Session  
 
Speaker Name: Angelique Louie, Professor, Department of Biomedical Engineering, University of 
California, Davis, CA 95616 aylouie@ucdavis.edu 

Highlights: 

• MRI agents can be designed to sense specific biomarkers 
• Two major approaches to sensing are 1) Targeting and 2) Switching 
• While targeting methods are straightforward in principle and almost uniformly similar in 

approach, agents that can switch assume a variety of forms.  We will provide several examples to 
illustrate mechanisms for switching that have been explored in the literature. 

Talk Title: Switching and Sensing 

Target Audience: Researchers and clinicians interested in noninvasive methods to identify molecules in 
living systems. 

Outcome/Objectives: 

• Describe mechanisms by which an MRI contrast agent can be made into a sensor 
o T1 agents 
o T2 agents 

• List examples of biomarkers and molecular function that can be detected by MRI sensors 
• Discuss the benefit of multimodal approaches to improve the utility of MRI sensors 
• Spur creative ideation to speculate on untapped potential for sensors in cancer 

Brief Overview:  

This is a brief tutorial on the design of MRI contrast agents that facilitate noninvasive “sensing”.  
“Sensing” refers to the identification of a target of interest by its location or function and MRI sensors are 
key components for molecular imaging.  Historical examples are given to provide a context of evolution 
of the field, with a focus on agents with a potential for utility in cancer applications. 

Sensing by targeting is a simple concept—contrast agents are designed to bind to a molecule of interest 
and detection is afforded by increased concentration of agent at sites where the molecule localizes.  The 
success of this method for detection of disease is dependent upon the uniqueness of the molecule of 
interest to the abnormal cells or tissues, and the sensitivity of the agent in context of the abundance of the 
molecule of interest. 

Sensing by switching is a more complex construct.  It depends on the molecule of interest acting upon the 
contrast agent in some way that changes its ability to affect image intensity. The mechanism for 
modulating contrast depends upon the type of MRI agent under consideration. 

T2 agents affect nearby water protons through a local magnetic field effect. To alter a T2 agent’s ability 
to affect nearby protons, one needs to modify the strength of the local field it produces. The most 
comment method for achieving this is a controllable aggregation of the agents, such as iron oxide 
nanoparticles. Another approach is to genetically program cells or interest to produce “natural” contrast 
agents, such as iron carrying molecules and magnetosomes, in response to specific cues. We will discuss 
a few of the most recent examples of agents that utilize these mechanisms and their biological efficiency. 

T1 agents, on the contrary, require direct interaction with water protons.  There are a number of routes to 
affect a T1 agent’s ability to interact with water protons, these include modulating the degree of hydration, 
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the rate of water exchange, and the tumbling rate for the agent. An additional challenge compared to 
targeted agents is that one must be able to distinguish a difference in concentration of the agents from a 
difference in activation of the agents. We will look at examples in the recent literature that use different 
mechanisms to achieve switching. 

Targeting and switching methods both rely on identification of an appropriate biological marker whose 
location or function can be used to identify or stage disease. This is one of the major challenges for the 
success of sensing and switching agents as tools for research and clinic practice. 

There is a very rich library of review articles dealing with activatable agents available in journals ranging 
from the perspective of chemical synthesis or biological application.  A partial list is provided here for the 
student’s reference. 
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