A self-calibrating PARACEST MRI contrast agent that detects esterase enzyme activity
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Abstract: We have developed a PARACEST MRI contrast agent, Yb-DO3A-0oAA-TML-ester, that detects esterase enzyme
activity. Esterase caused the agent to spontaneously disassemble to create a PARACEST agent with two detectable CEST effects.
The ratio of the two CEST effects was independent of concentration and T, relaxation, so that this agent was self-calibrating with
respect to these factors. This ratiometric method was dependent on temperature, although a more detailed analysis could account for
this effect. Therefore, a self-calibrating PARACEST MRI contrast agent can more accurately detect a molecular biomarker such as
esterase enzyme activity.

Introduction: Many MRI contrast agents change in response to a molecular biomarker, but other molecular biomarkers or
environmental factors can influence the agent, so that a MRI signal change is not necessarily conclusive proof for detecting a
biomarker."” To overcome this problem, a second control CEST effect may be included in the same PARACEST agent, which is
responsive to all factors that alter the first CEST effect except for the biomarker to be measured. To investigate this approach, a
PARACEST MRI contrast agent was developed with one CEST effect that is responsive to esterase enzyme activity and a second
control CEST effect (Figure 1A).
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aeruginosa, a bacterium known to secrete esterases.” As further proof that
the agent detected esterase activity, no reaction was detected when the media was autoclaved before adding the agent.

The ratio of the two CEST effects of the product after the enzyme reaction, Yb-DO3A-0AA, was independent of concentration
and T, and therefore the agent is self-calibrating with respect to these factors (Figure 2). Although the ratio of the CEST effects was
dependent on temperature, this dependence followed the Arrhenius Equation so that this self-calibrating, ratiometric approach is still
feasable as long as temperature is stable during the CEST MR study. The ratio of the CEST effects was dependent on pH, so that
knowing the pH is a prerequisite for this method. A concentration-dependent Hanes method and the Ty,-dependent Hanes method
were used to measure the chemical exchange rates of the amide and amine.” These Hanes methods showed that the agent was
incompletely saturated, although the incomplete saturation did not affect the comparison of CEST effects of the single agent.

Discussion: These results demonstrated that Yb-DO3A-0AA-TML-ester was responsive to esterase activity. Furthermore, the
ratio of the CEST effects can more conclusively report on enzyme activity because the ratio is independent of concentration and T,
relaxation times and can also account for the effects of temperature.
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