Imaging Cancer Metabolism with Hyperpolarized Substances
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A better understanding of the molecular signature of cancer has allowed the development of a new
generation of anti-cancer drugs that target specific molecular entities, such as receptors, genes, or
signalling pathways. However, DNA sequencing and microarray-based disease profiling, together with
the results of clinical trials using targeted therapies, have clearly demonstrated the intrinsic
heterogeneity of human tumours, both genetically and phenotypically. Patients with similar tumour
types frequently have markedly different responses to the same therapy. The development of these
novel targeted cancer therapies could benefit significantly, therefore, from the introduction of imaging
methods that allow an early assessment of treatment response in individual patients. These would allow
an oncologist to rapidly assess the effectiveness of a new therapy. Ineffective treatments could be
abandoned at an early stage and more effective treatments selected, with attendant welfare benefits for
the patient and cost benefits for the health care system (1).

The aberrant metabolism displayed by tumor cells offers numerous opportunities for early detection of
treatment response using metabolic imaging. The recent introduction of dissolution dynamic nuclear
polarization (DNP), which can increase sensitivity in the MR experiment by more than 10,000x, has
allowed a new approach to metabolic imaging using MRS (2). In this experiment a solution of the
material to be polarized, typically a >C-labelled cell metabolite, is mixed with a stable radical and
rapidly frozen to form a glass. The electron spin on the radical is polarized (to unity polarization) by
cooling the sample to a very low temperature (~1.3 °K) in a magnetic field. The polarization is then
transferred to the nuclear spin by exciting the electron spin resonance and currently nuclear spin
polarizations, in favorable cases, of up to 50% are possible. The polarized compound is then brought
rapidly to room temperature, without significant loss of this polarization, and injected into the
biological system. The massive gain in sensitivity means that we can now image the location of the
hyperpolarized '*C-labeled molecule in the body and, more importantly, the rate of its metabolic
interconversion with other metabolites, in the absence of any background signal.

Since the first publication of the method in 2003 there have been numerous studies in vivo using a
variety of different hyperpolarized *C-labelled cell substrates (reviewed in (3)). For example, °C
MRSI measurements of the conversion of hyperpolarized [1-">C]pyruvate into lactate have been used
to image tumor LDH activity and decreases in its activity due to chemotherapy-dependent decreases in
NAD(H) concentration (4) and decreases in enzyme concentration due to inhibition of the PI3K-Akt
pathway (5). Tissue pH has been imaged from the ratio of the signal intensities of hyperpolarized
H"CO; and *CO, following intravenous injection of hyperpolarized HCO3 (6). Tumour cell
glutaminase activity, a potential measure of cell proliferation, has been determined using
hyperpolarized [5-"°C]glutamine (7) and treatment-induced tumour cell necrosis has been imaged in
vivo from measurements of the conversion of hyperpolarized [1,4-C,]fumarate to malate (8-10). °C
has been the most popular nucleus since the lifetime of the polarization for non-protonated carbons is
relatively long, although other nuclei have been polarized using the technique (3).
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The main limitation is the very short lifetime of the hyperpolarization, which for the '*C-labelled
molecules that have been polarised to date is typically between 10 and 40 s in vivo. This limits the
metabolites that will be useful to polarise to those that are rapidly transported into the cell and undergo
fast metabolism, such that there is significant metabolism of the substrate within the lifetime of the
polarization. In general, therefore, it seems likely that the technique will be useful for studying the
metabolism of those substrates involved in catabolism rather than anabolism. Nevertheless, despite
these limitations, the technique promises new insights into tissue metabolism in vivo and, since it uses
endogenous molecules, should readily be translatable to the clinic. The initial results of a clinical trial
with hyperpolarized [1-">C]pyruvate have been reported recently (http:/news.ucsf.edu/releases/new-
prostate-cancer-imaging-shows-real-time-tumor-metabolism/).
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