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EXPERIMENTAL METHODS Routine endoscopy was performed to obtain an oesophageal biopsy which was mounted on acetate paper and snap frozen in liquid nitrogen. Ethical approval was provided by Gloucestershire Local Research Ethics Committee. The tissue was then cryosectioned to a 7 m thickness, mounted on a calcium fluoride substrate and stored in a freezer at –80°C before use in the microscopic analysis. Two oesophageal sections were analyzed. Micro-transmission FTIR images were collected with an imaging system consisting of an Agilent 670 spectrometer coupled to an Agilent 620 FTIR microscope and a 15⨉ Cassegrain objective (numerical aperture 0.62), and a liquid nitrogen-cooled FPA detector. The detector had 16384 pixels, each 5.5⨉5.5 µm in size and arranged in a 128⨉128 array, corresponding to a 704⨉704 m2 area of the specimen.
The spatial resolution varied across 5-10 m in the fingerprint part of the infrared spectrum. Resolutions Pro v. 5.3 software was used for acquisition of the data. An IR absorption spectrum was obtained for each detector pixel by co-adding 64 interferograms. Spectra were measured over the range 3800–1000 cm–1 at a spectral resolution of 4 cm–1. Prior to all image measurement, a background obtained from a tissue-free region of the substrate was measured.
FTIR imaging data are three-dimensional datasets, with two spatial dimensions and a third spectral dimension (wavenumber); each value in the datasets is absorbance of the sample at each combination of position and wavenumber. Absorbance is related to concentration of a molecular component through the Beer–Lambert law, thus enabling label-free compositional analysis. In this work, the fingerprint region of the infrared spectrum between 1800 and 1000 cm–1, containing characteristic absorptions of proteins and other biomolecules, was analyzed. Each dataset was pre-processed using extended multiplicative signal correction (EMSC) algorithm;1 the spectra were baseline corrected using a 4th order polynomial, outlier spectra (with low signal-to-noise ratio) were removed and the remaining spectra were normalized over the entire spectral region. To segment the FTIR imaging dataset and obtain information about distinct chemical components of the tissue, k-means clustering algorithm was employed2 using Matlab v. 2013 (MathWorks, USA) software. K-means clustering is an unsupervised iterative algorithm in which each spectrum gets assigned to a cluster with the nearest centroid based on the Euclidean distance.2 This mathematical tool allows a redistribution of the spectra to defined clusters based on similar biochemical characteristics. Each cluster can be given a unique pseudo-color and a composite image of the sample showing the distribution of all calculated clusters in the dataset is obtained. In addition, the relative spectral heterogeneity of the k-means clusters is visualized as a dendrogram, obtained by hierarchical clustering analysis based on the Ward’s linkage algorithm.
Raman maps were collected with a Renishaw inVia Raman microscope equipped with an 830 nm laser and a Leica long working distance 50⨉ objective. Backscattered light was dispersed through a 1200 grooves per mm grating onto a Renishaw CCD camera. The spectral resolution was 1 cm–1. Spectra were acquired in the range 1750–800 cm–1 using a 60 s exposure time and three accumulations to achieve a good signal-to-noise ratio. For the two-dimensional maps, a streamline acquisition mode was used with an exposure time of 30 s per pixel (one accumulation). WiRE v. 4.0 software was used for acquisition and manipulation of the data. Accurate focus adjustment of the objective was performed before each series of measurement. Cosmic rays were removed from each datasets using a nearest neighbor-based algorithm. (No baseline correction was applied.) PCA with mean centering was employed for the data processing over the measured spectral range. PCA calculates PCs that are visualized as score images, each coupled to its loading spectrum. The PCs are ranked based on the total variance explained, with the first component accounting for the highest percentage of the variance. In the present work, only the first component was retained for the comparative analysis with FTIR and Brillouin data. Attention was paid in obtaining site-matched data from Raman and Brillouin linear scan experiments, and this was achieved using patterns of tissue edges.
Brillouin maps were collected with a microfocused setup previously described3, 4 and a tandem multipass Fabry–Perot interferometer. We used a 532 nm single-mode Excelsior Diode-Pumped Solid-State (DPSS) laser with 5 mW output power measured at the sample. A Zeiss dark-field objective (numerical aperture 0.75) focuses the laser beam onto the sample and collects the backscattered light which is sent to the interferometer for frequency analysis. The lateral resolution of this setup is approximately 250 nm. The spectral resolution is 0.1 GHz. Spectra were acquired in the range –30 to 30 GHz (–23 to –12 GHz for the two-dimensional map) with 1500 scans per spectrum. Accurate stabilization of the sample position during mapping was realized using image recognition software. Approximately 10 minutes per spectrum was the time required to achieve a good signal-to-noise ratio. To extract the relevant parameters of the Brillouin peak, namely intensity, frequency and width, fit analysis with a damped harmonic oscillator5 was applied to the spectra.
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Figure SI-1. (a) Photomicrograph of a longitudinal section of epithelial tissue – Barrett’s oesophagus. The yellow line indicates a 1500 m-long segment where site-matched Brillouin and Raman linear scans were acquired using a 100m step-size. (b) Fitted intensity of the Brillouin peak (black dots and line) and PC1 map score of the Raman spectra (blue line) across the region of the epithelial tissue.
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Figure SI-2. Scattering spectra of the same section of epithelial tissue – Barrett’s oesophagus – shown in Fig. SI-1a. (a) Loading plot of the PC1 obtained from the analysis of the Raman line scan. (b) Brillouin spectra measured at selected positions along the scan.
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