In vivo lactate T1 and T2 relaxation measurements in breast tumors using SS1-SeIMQC editing sequence
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Introduction: Multiple quantum (MQ) editing techniques have been developed for lactate (Lac) detection with complete suppression of water and lipid resonances in a
single scan (1). Recent studies on prostate cancer and breast tumor have shown changes in Lac level in tumor tissues (2-3). The presence of fat and water in high
concentration makes it difficult in observing and quantifying Lac. The measurement of T, and T, is essential for absolute quantification of Lac to differentiate benign
and malignant tumor. We measured Lac with improved lipid and water suppression using 1331 binomial composite Spectral-Selective Pulses in Selective MQ
Coherence (SS1-SeIMQC) compared to the original SS-SeIMQC(1) sequence and T; and T, of Lac been determined by incorporating T; and T, variables in SS1-
SeIMQC (T;-SS1-SeIMQC and T,-SS1-SeIMQC). Here we report T;-SS1-SeIMQC and T,-SS1-SeIMQC sequence to measure in-vivo Lac T; and T,. We have
standardized our pulse sequences with phantom studies and demonstrated in nude mice implanted with MCF-7, BT-474, MDA-MB-231 and MDA-MB-435 breast
tumors. Invivo T, of Lac was found to be significantly different in prognostic molecular markers.

Materials and Methods: All MR imaging and spectroscopy experiments were performed on a 4.7 Tesla Bruker Biospin spectrometer. Animal studies were conducted
in compliance with protocols approved by the Institutional Animal Care and Use Committee. MCF-7, BT-474, MDA-MB-231and MDA-MB-435 cancer cells were
purchased from ATCC. Cells were grown in DME F12, DME HG for MCF-7, BT-474 respectively
and RPMI for MDA-MB-231 and MDA-MB-435, and media were supplemented with 10% FBS, .
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the length, breadth and depth of the tumor respectively. Phantom studies were performed with Gerl Al &
three Lac concentrations viz., 5, 15 and 30 mM.
NMR Experiments Mice were anesthetized using a mixture of isoflurane (1.5 - 2.5%) air (10%)  [oerwhr — T T
and placed inside a custom-designed MR probe. The magnet was shimmed to a half height line
width of less than 50 Hz for the 'H water signal. The non-localized spectra were acquired using Figl: T,-SS1-SeIMQC pulse sequence to measure T2 of Lactate
T;-SS1-SeIMQC to measure T, of Lac and T,-SS1-SeIMQC to measure T, of Lac. The SS1-SeIMQC sequence combines selective radio frequency pulses with gradient
filtering to achieve Lac editing and efficient lipid and water suppression in a ‘single-shot’. Frequency-selective pulses were employed to prepare MQ coherences for the
Lac methyl signal. Single-quantum lipid and water resonances were then eliminated by multiple-quantum selection gradients. To ensure complete lipid suppression and
a high signal-to-noise ratio for the Lac methyl signal, a two-step phase cycling (0°/180°) was applied for the selective 90° pulse at the Lac CH resonance frequency. In
the T1-SS1-SeIMQC, T measurement of Lac was performed with insertion of inversion ‘mao4’ shaped pulse with 2ms pulse width, similar to (4) and varied the
inversion time before applying the SS1-SeIMQC. In T2>-SS1-SeIMQC, Lac T2 relaxation was measured by Incorporating CHs selective 15ms single lobe ‘sinc’ pulse,
during the MQ-preparation period of SS1-SeIMQC (Figl). This allows inserting a variable delay time TE’ to measure Lac T2 decay. The T: measurement was done by
subtraction method (5). 1D-spectra were processed using Xwin-NMR, Bruker software. Statistical analysis was performed using SPSS software. Differences in T, and
T, in molecular prognostic markers were analyzed using non-parametric Mann-Whitney U test.

Results and Discussion: T,-SS1-SeIMQC and T»-SS1-SeIMQC pulse sequences were used to measure T; and T, of Lac in phantom and in-vivo tumors. Representative
spectra of MCF-7 of tumor volume 300mm?® as a function of inversion time (T1) and its curve fit and echo time TE and its curve fit is shown in Fig 2(A&B). The in-
vitro Lac T; for 5, 15 and 30mM was found to be 1.34st 0.05, 1.21s£0.002 and 1.13s+0.03 respectively. The T, of 5, 15 and 30 mM was 0.6s£0.02, 0.51s+0.03 and
0.50s%0.03 respectively. The measured T, and T, relaxation times of Lac in breast tumors are shown in Table 1. The T, of Lac was significantly different in ER PR+ Vs
—, Her2+ Vs — and TN+Vs — (Table 1). The T, was not significantly different in these three prognostic markers. Our experimental measured T, and T, are in the range
of reported T, and T, (4).

Conclusion: The reported T;-SS1-SeIMQC and T,-SS1-SeIMQC pulse sequences are effective to measure Ty and T, of Lac in various tumor types. Measurement of T,
could be used to differentiate different tumor types.
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‘ in molecular prognostic factors.
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Fig 2: In vivo (MCF-7 tumor) Lac signal recovery of (A) T;-SS1-SeIMQC with variable recovery delay
0.1 to 10s. Lac signal decay (B) T,-SS1-SeIMQC with 2*TE “(0.08 to 0.42s) with 0.02 s increments. And
their respective curve fits.
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