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Figure 1 shows a five-cluster map collected in the proximity 
of gland crypts (15 x 15 µm2 apertures and 15 µm steps), and 
the matching H&E stained tissue section. The clusters of blue 
pixels correspond to a set of spectral features which appear 
to be characteristic of BE tissue. The cluster was completely 
absent from portions of normal esophageal squamous 
epithelium. The figure also shows the average spectra (plotted 
as second derivatives of absorbance to reduce baseline 
variations) corresponding to each pixel cluster. The principal 
spectral feature unique to BE appeared to be a complex 
multiplet of absorption bands between 1000 cm-1 and  
1300 cm-1. The multiplet was characterized by components 
peaking at 1080 cm-1, 1124 cm-1, and 1171 cm-1.  It was 
concluded that these spectral features are characteristic of BE 
tissue histology, and match the absorption of the glycoprotein 
mucin. [6] By comparison with the matched H&E stained 
section, these spectral features correlate with crypts rich in 
goblet cells.

To explore the association between goblet cells and 
glycoprotein absorption bands we recorded IR maps and 
high s/n single spectra of goblet cells. We resorted to high 
brightness synchrotron IR light to perform spectromicroscopy 
with diffraction limited spatial resolution and high s/n ratio.  
Representative maps are shown in Figure 2. 

Figure 2: A) Visible light image of the sample region studied by FTIR mapping 
and spectromicroscopy with synchrotron radiation. The image was collected in 
reflection from a paraffin embedded sample mounted on a MirrIR slide. The lower 
side of the maps is the crypt side. The white frame indicates the region of the 
sample which was mapped in figure 2C. The square marks indicate the positions 
for single point measurements. B) 2nd derivative of the spectra measured in point 
1, 2 and 3. C) Infrared maps of a single goblet cell. Images constructed by plotting 
the intensity at a given wavenumber of second derivative spectra. One pixel 
corresponds to 2 µm (4 µm aperture).Blue corresponds to maximum absorbance 
(minimum 2nd derivative value) and pink corresponds to minimum absorbance 
(maximum 2nd derivative value).

Figure 2 shows some of the resulting IR maps (Figure 2C), 
individual spectra recorded in specific positions of the  
sample (Figure 2B), and their location relative to the 
mapped area (Figure 2A). Mapping of the 1650 cm-1 band, 
corresponding to peptide Amide I absorption, highlights the 
distribution of proteins within the goblet cell. Mapping of 
the 1171 cm-1 band, corresponding to a peak of the glycosidic 

group of mucin, highlights the distribution of mucin itself. 
The maps indicate that, although the goblet appears to be 
rich in proteins and polypeptides, the strong glycoprotein 
absorption between 1000-1200 cm-1 , which is responsible 
for the BE characteristic spectrum, is not localized within 
the goblet, but on the periphery of the goblet cell itself. To 
confirm this observation, we recorded individual spectra on 
the cell itself and in the surrounding area (Figure 2). Spectrum 
1 was recorded away from the goblet cell and the crypt, 
and showed only weak bands in the range 1000-1200 cm-1. 
Spectrum 2 was recorded inside the goblet cell and showed 
increasing absorption within this range. However, it was only 
in spectrum 3 that the multiplet at 1080 cm-1, 1124 cm-1 and 
1171 cm-1, appears as strong as in the spectrum in Figure 
1 (light blue cluster). Comparison of the spectra in Figure 
2B and the maps in Figure 2C indicates that glycoproteins, 
although present in the goblet cell, mostly accumulate outside 
of the cell towards the crypt side, presumably in the form of a 
secretion.

Conclusion
We have demonstrated the technical feasibility of using 
FTIR to characterize human esophageal tissues. FTIR 
mapping would appear to be a useful technique to identify 
premalignant BE tissues, characterized by an accumulation 
of glycoproteins. The incorporation of synchrotron light 
to improve resolution of individual cells has demonstrated 
that these glycoproteins are associated with goblet cells, the 
characteristic cell type defining BE. This work has recently 
been accepted for publication. [7]
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