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FTIR spectroscopy is a widely used technique that provides insights into disease processes at the 

molecular level. Due to its numerous advantages it is becoming an increasingly powerful tool for the study 

of biological materials and has the potential to become an excellent diagnostic method, especially 

considering the low cost of transflection substrates. However, questions about the usefulness of the 

transflection measurement mode due to the complicated nature of physical processes occurring during the 

measurement and in particular the Electric Field Standing Wave (EFSW) effect have been raised. In this 

paper we present a comparison of the two most common FT–IR measurement modes: transmission and 

transfection using healthy and pathologically altered tissue (histiocytic sarcoma). We found the major 

differences between normal and cancerous tissue were associated with changes DNA and carbohydrate 

content. In particular we identified a band at 964 cm-1 assigned to a nucleic acid phosphodiester backbone 

mode, which appeared more pronounced in cancerous tissue irrespective of the substrate. We applied 

Principal Component Analysis, Unsupervised Hierarchical Cluster Analysis and k-means clustering  to 

transmission and transflection substrates and found that both measurement modes were equally capable of 

discrimination normal form cancerous tissue. Moreover, the differences between spectra from cancerous 

and normal tissue were significantly more important than the ones arising from the measurement modes. 

Introduction 

FTIR spectroscopy is becoming a widely used technique that 

provides insights into disease processes at the molecular level. 

It has been applied in numerous studies of various disease 

mechanisms including atherosclerosis1-2, diabetes3-4, 

Alzheimer's disease5-6, Parkinson disease and Huntington’s 

disease6. However, by far the greatest potential of this 

technology lies in the study of cancer7-19 and numerous 

neoplastic entities in various organs including lungs7, stomach8, 

cervix9-11, breast12-13, prostate14-15 and liver16-18 have previously 

been investigated. 

 Histopathology has been the gold standard to diagnose and 

prognosticate most animal and human cancers. While the 

morphologic phenotype allows for standardisation of 

nomenclature and accurate prognosis of disease progression 

within a population, morphologic assessment alone is often 

insufficient to accurately determine the biological behavior for 

an individual patient and/or to predict individual therapeutic 

response. Since most biological molecules have IR fingerprint 

spectral characteristics, this technology can be utilised to 

identify chemical changes at a molecular level that are unique 

for a disease process in an individual patient. 

 The ability to identify chemical changes at the molecular 

level in formalin fixed, paraffin embedded tissue opens new 

opportunities for clinical studies and biomarker discovery using 

archival biopsy material. While formalin fixation of tissues 

results in rapid preservation of histological detail by creating 

cross-links between amino acid residues, the insoluble cross-

links also interfere with efficient biomolecule analysis. 

Furthermore, formalin fixation fragments including nucleic 

acids at approximately 400 base pairs significantly limit 

classical RNA or DNA analysis tools20. FTIR spectroscopy can 

be used to simultaneously detect a variety of macro-molecules 

in formalin fixed sections and measurements can be acquired 

within seconds11. Due to its numerous advantages, such as the 

non-destructivity of the measurement, lack of any complicated 

sample preparation, and the possibility to obtain complex 

information it is becoming increasingly popular for the study of 

biological materials. When combined with histochemical 

methods, FITR may provide a rapid and relatively simple tool 

for the diagnosis and prognosis of neoplastic diseases. 
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 Whilst the FTIR technique has numerous advantages for 

studying biological materials there are some considerations that 

need to be addressed before it can become a routine clinical 

tool. In this context, the choice of substrate on which to mount 

the tissue has become a hot topic in recent years, whilst there is 

also debate over whether to deparaffinise tissue sections prior 

to spectroscopy. The two most common FTIR spectroscopy 

measurement modes are transmission and transflection – the 

latter makes use of low cost Mirr-IR substrates (Kevley 

Technologies, Ohio), while the former generally requires more 

expensive infrared transparent crystalline window materials 

including CaF2, ZnSe, BaCl2 and KRS-5. For diagnostic 

applications the lower costs of transflection substrates, which 

are the same length and width as conventional microscope 

slides, and so can be prepared easily in a standard biomedical 

environment have become the substrates of choice for FTIR 

analysis of tissue sections. 

  In transflection mode the light beam passes though the 

sample twice. In theory, this should result in the doubling of the 

optical path length in comparison to a transmission 

measurement. However, non-linearity can arise in the 

measurement though a physical phenomenon, the electric-field 

standing wave (EFSW)21-23, that results from interference 

between the incident and reflected wave. It has been suggested, 

that due to the inhomogeneity of the electric field created by 

a multilayer system (representing a model of a realistic sample), 

the spectral intensities measured in transflection mode are 

distorted non-linearly to such an extent, that their usefulness for 

disease diagnosis has become highly questionable23. However, 

in a more recent study24 it has been shown, that for samples of 

certain thickness (~ 5 µm) the sample inhomogeneity along 

with factors such as source incoherence and range of angles of 

incidence have an averaging effect on EFSW phenomenon, 

significantly reducing its influence on the spectrum, especially 

in the finger-print region of the FTIR spectrum.24 Since the 

phenomena is thought to be most problematic when there are 

differences in the thickness of compared samples and reduced 

when using 2nd derivative spectra, the first strategy is to ensure 

consistent thickness for all samples as done in the recent work 

of Cao et. al where cell deposit thicknesses were checked using 

AFM and 2nd derivatives were used for analysis.25  

 Here, we present a comparison between the two most 

common FTIR measurement modes: transmission and 

transfection using Mirr-IR slides and CaF2 windows, 

respectively. In order to minimise the impact of EFSW 

phenomena on the outcomes of analysis we have ensured a 

consistent thickness by using the same sectioning process and 

operator to section the material. We demonstrate that in the 

case of a canine liver cancer (histiocytic sarcoma) for both: 

paraffin embedded and paraffin removed tissue the diagnostic 

utility of FTIR is not compromised by using Mirr-IR 

transflection substrates.  

 

 

 

Experimental  

FTIR images were obtained from the livers of 7 canines with 

identified advanced histiocytic sarcoma. From each liver three 

samples were prepared from adjacent tissue sections: for FTIR 

measurements in (1) transmission and (2) transflection mode, as 

well as for (3) H&E staining. Adjacent sections of paraffin 

embedded liver sections were cut into slices of 4 µm and 8 µm 

thicknesses and placed on Mirr-IR substrates (Kevley 

Technologies, Ohio) and CaF2 slides, respectively. The 

diseased areas were identified on the basis of H&E staining, 

performed on the third, neighboring section. Particular attention 

was paid to the imaging of the same (corresponding) fragments 

of the same sample on adjacent tissue sections prepared for 

transmission and transflection mode. FTIR images were 

collected using an Agilent FTIR microscope (model 600 UMA, 

Agilent), equipped with a 64 × 64 pixel HgCdTe Focal Plane 

Array (FPA) liquid nitrogen cooled detector and 

a 15× Cassegrain objective. Maps were collected with a pixel 

binning of 4. Spectra were collected in the range from 4000 – 

900 cm-1 with spectral resolution 8 cm-1 and with 64 

interferograms co-added. The size of the imaged area differed 

between samples due to different size of the tumours, covering 

a range from relatively small (4×4) to large mosaics (10×15). 

All spectra were collected from samples at room temperature. 

Additionally, in order to verify the results, the paraffin was 

removed by washing three times in clean xylene (3×5 min) and 

the measurements were performed again on the deparaffined 

sections, with particular attention paid to image the areas 

corresponding to those obtained prior to removal of the 

paraffin. 

 Cytospec (Version 2.0) and The Unscrambler (Version 

10.3) software packages were used for the data analysis. K-

means cluster (KMC) analysis was performed on single maps, 

after removing bad pixels and inadequate S/N spectra using 

a quality test (based on the intensity of amide I band). The  2nd 

derivatives were calculated using the Savitzky–Golay algorithm 

with 9 smoothing points and normalised to the amide I mode. 

To investigate inter-sample variability several spectra 

corresponding to areas of healthy and cancer regions, from each 

of the 7 different canines were obtained according to the 

following procedure. Approximately 1000 unmodified spectra 

were extracted from each map from samples from different 

animals, from areas corresponding to tumour and normal tissue. 

The selection of areas was determined by comparing the results 

with staining and only areas unambiguously defined as 

cancerous and normal were analyzed. To improve the quality of 

spectra and thereby minimise the preprocessing procedure, each 

of the spectra subjected for further analysis was obtained by 

averaging 50 single spectra extracted directly from the FTIR 

map. Therefore, approximately 20 spectra from each liver: 10 

corresponding to normal and 10 corresponding to cancerous 

tissue were obtained. From these spectral averages three data 

sets for paraffin embedded section as well as three for 

deparaffined sections were created. Three data sets, each 

containing spectra corresponding to normal and tumour tissue, 
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were analyzed separately: first one included only spectra 

measured in transmission; second, only in transflection; and 

third, in both modes. Data preprocessing was performed for all 

spectra simultaneously and included baseline correction, 

normalisation, calculation of 2nd derivatives (Savitzky – Golay 

algorithm, 9 smoothing points) and Extended Multiplicative 

Scatter Correction (EMSC). Unsupervised Hierarchical Cluster 

Analysis (UHCA) and Principal Component Analysis (PCA) 

were performed in different spectral ranges, including: 1350-

900 cm-1 and 1680-1530 cm-1 for paraffin embedded sections 

and 1700-900 cm-1 as well as reduced regions including 1680-

1530 cm-1 and 1350-900 cm-1 for deparaffined  sections.  

 The ratios of intensities of amide I to amide A were 

calculated based on the integrated area under the bands using 

Opus Software (Version 7.0) for all spectra before paraffin 

removal.  

 

Results and discussion  

Transmission and transflection for cancer detection: paraffin 

embedded sections. 

For all FTIR images recorded in both transmission and 

transflection modes efforts were made to ensure the same 

regions of tissue in adjacent sections were measured. 

Appropriate areas of tumour and normal tissue were chosen by 

comparing the H&E stained sections with the FTIR images. k – 

means cluster (KMC) analysis was performed on the 2nd 

derivatives (Fig 1.).  

 Because of the presence of strong paraffin bands at ~1450 

cm-1, two spectral ranges were considered: 1350-900 cm-1 and 

1680-1530 cm-1. Since the signals from the paraffin are present 

in both, tumour and normal tissue areas, which result from the 

sample preparation rather than from the natural composition of 

the tissue, they are not useful to draw conclusions about the 

biochemical differences. KMC analysis was performed using 

both ranges, respectively, and each of them separately. It was 

found that for the paraffin containing tissue sections the range 

1350-900 cm-1 was more useful in identifying tumourous 

regions. 

 As shown in Fig. 1 areas corresponding to tumours are 

clearly distinguished (red class). The observed bands along 

with their assignments are tabulated in Table 1. The blue class 

corresponds to spectra near the border of the tissue, which is 

characterised by weak absorbance and light dispersion and 

consequently these spectra have been excluded from the 

ensuing analysis and are not presented in Fig.1D. The red class 

delineates areas with clearly visible and advanced tumour. The 

grey class, on the other hand, corresponds to normal tissue.  

The green class – not obviously distinguishable using H&E 

staining – exhibits spectra that bear a striking similarity to the 

cancerous tissue (red) class.  

 In comparison to normal liver tissue, spectra corresponding 

to tumour areas (red class) can be characterised by clearly 

smaller intensity of bands at 930, 997,1026, 1049, 1082, 1155 

cm-1. Those bands correspond to C-O stretching modes from 

carbohydrates (i.a. at 930, 997, 1049 cm-1), particularly 

glycogen (1026, 1082, 1155 cm-1). It should be noted that 

 

 

 

 

  

 

 

Fig. 1. An example of liver tissue section with histiocytic sarcoma measured in transflection: (A) adjacent section stained with H&E clearly 

showing the lighter stained cancer region, (B) map of the distribution of proteins based on the integration in the range 1680-1620 cm-1 for the 

measured area and (C), (D) results of KMC analysis in the range 1350-900 cm-1: (C) distribution of classes along with (D) corresponding spectra. 

Colour scale bars for the distribution map based on band integration are presented on the left side (MAX = 51.68, MIN = 0.64). More examples of 

cancer area identification along with examples of correlation of the measured areas in transmission and transflection are presented in supplementary 

(Fig. S1).  
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glycogen concentration varies extensively over a section of 

liver tissue and is not considered a clear marker for cancer. The 

other major difference is the higher intensity of the band at 

964 cm-1 in tumour spectra assigned to the ν(P-O-C) vibration 

Table 1. Position of the most important bands observed in the IR spectra of 
the liver, along with their assignment.  

from the phosphodiester backbone of nucleic acids. 

Interestingly, this is the only nucleic acid band that seems to be 

more intense for tumour spectra. It is, however, important to 

note at this point, the complex nature of other bands 

corresponding to DNA and RNA. The band at 1083 cm-1 has 

contributions from both glycogen and nucleic acids because of 

the significantly higher glycogen content in normal tissue 

obscuring the nucleic acid vibrations. Similarly, in the case of 

the band at 1237 cm-1, which in addition to nucleic acid bands, 

includes a contribution from phospholipids and proteins. 

Moreover, there were no trends in specific changes in the 

location of amide bands in the case of this type of cancer for 

paraffin embedded tissue. The amide I band for both normal 

and cancerous spectra was located ~1650 cm-1, which generally 

corresponds to the α-helical structure of proteins. 

 All of the differences observed between the red (cancerous 

tissue) and the gray (normal tissue) class are also found in the 

comparison between green and gray classes. Only minor 

differences exist between the band intensities in the green and 

red classes. This suggests that the green class corresponds to an 

area already pathologically altered, although these changes are 

less distinguishable with H&E staining. 

 Figure 1 shows an example analysis of a single map 

measured in transflection mode. However, similar results were 

obtained in the analysis of all measured maps regardless of the 

measurement mode. Moreover, in the case of imaging of 

corresponding areas in transmission and transflection from 

samples originating from the same individual, the distribution 

of classes and their spectral characteristics were consistent. 

An example of this correlation for the KMC analysis along with 

comparisons of spectra from the corresponding classes in the 

two different modes of measurement are shown in the 

Supplementary Information   (Fig.S2 and S3).  

 To investigate inter-sample variability spectra from 

7 different canines were analyzed with UHCA and PCA. 

Spectra were grouped in three data sets (each containing normal 

and tumour spectra, measured only in transmission, only in 

transflection and in both modes jointly). For all of the data sets 

processed with UHCA two ranges 1350-900 cm-1 and 1680-

1530 cm-1 were analyzed both separately and also combined. It 

was found that the range 1680-1530 cm-1 along with the 

combined ranges (1350-900 cm-1 and 1680-1530 cm-1) could 

not be used to classify spectra as cancerous or normal from the 

three data sets (see supplementary, Fig. S4 – S6). However, the 

range 1350-900 cm-1 enabled the unambiguous separation of 

normal and cancerous spectra for all three data sets (Fig.2). 

 

 

Transmission Transflection 

 Mixed spectra: 

transmission 

&transflection 

 

 

 

 

 

 

 

Fig.2. Unsupervised hierarchical cluster analysis (UHCA) in the range 1350-900 

cm-1 showing the distinction between normal and cancerous spectra in three data 

sets: transmission (including normal and cancerous spectra measured in 

transmission), transflection (including normal and cancerous spectra measured 

in transflection) and mixed spectra (including normal and cancerous spectra 

measured in transmission and transflection) for paraffin embedded sections of 

liver tissue. Colour code for each dendrogram is provided below.  

 Similar results were achieved using PCA for transmission 

and transflection data sets (Fig.3) as well as for the mixed 

Band position [cm-1] Assignment Chemical compounds 

930 ν(C-O) Polysaccharides 

964 ν(P-O-C) nucleic acids; DNA&RNA 

997 ν(C-O) Polysaccharides 

1026 ν(C-O) Glycogen 

1049 νs (CO–O–C) 
Carbohydrates 

 

1082 
ν(C-O) 

νs(PO2-); 

Glycogen 

 
nucleic acids; DNA&RNA 

1155 ν(C-O) Glycogen 

1235 νas(PO2
-) nucleic acids; DNA&RNA 

1304 δ(CH2) Proteins 
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dataset (Fig.4). PCA, performed in the range 1350-900 cm-1, 

allowed for a clear separation between cancerous and normal 

spectra. In both measurement modes (transmission and 

transflection – Fig.3) the separation occurred along PC1, and 

the corresponding loadings confirmed the previous findings. 

The normal areas of liver tissue can be characterised by higher 

content of carbohydrates (933, 995, 1049 cm-1), in particular 

glycogen (1026, 1084, 1153 cm-1), whereas tumour areas have 

more intense signals from nucleic acids (976 – 980, 1065 – 

1068 cm-1). Interestingly, in both measurement modes, the 

differences between tumour and normal spectra are clear and 

the spectral characteristics (expressed by loadings) determining 

the division are very similar.  

 In order to verify the impact of the measurement mode on 

the potential for the distinction of spectra, PCA in the range 

1350-900 cm-1 was performed on all spectra simultaneously, 

including cancerous and normal ones, measured in both 

transmission and transflection. The differences between the 

spectra in transmission and transflection in general can be 

easily seen, considering the whole measured spectral range 

(4000-900 cm-1) by comparing the ratio of bands in the high 

wavenumber range (3100-2800 cm-1) to the bands in fingerprint 

region (1350-900 cm-1) (Fig.4D). For example, the ratio of 

amide I to amide A for the spectra measured in transmission 

mode is 0.35 (± 0.05), whereas for the spectra in transflection 

mode 0.21 (± 0.03). The mentioned ranges are separated from 

each other by at least 2500 cm-1 and consequently it shows the 

EFSW effect to be large when considering both ends of the 

spectrum together but minimal over a short wavenumber range 

although the high wavenumber signals are mainly paraffin 

based. Hence any effects are also minimised when performing 

classification restricted to small spectral regions (~500 cm-1) 

such as the region expanded in the figure. 

 

Fig.3. PCA results for spectra from healthy (marked as NORMAL in red) and cancer (marked as CANCER in blue) liver tissue, obtained in (A) transmission and 

(B) transflection mode: scores plot (PC1 vs PC2) and loading corresponding to PC1, in the range 1350-900 cm-1. The black eclipses highlight the grouping effect (on all 

scores plots presented in this paper). 
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Fig.4. (A) PCA results based on spectra from healthy (marked as NORMAL) and cancer (marked as CANCER) liver tissue, obtained in transmission and 

transflection mode: scores plot (PC1 vs PC2) and loadings corresponding to PC1, in the range 1350-900 cm-1; (B) PCA results from the same sample set with 

applied grouping between measurement modes (CANCER transflection, CANCER transmission, NORMAL transflection and NORMAL transmission):  

scores plot (PC1 vs PC2) and loadings corresponding to PC2; all spectra from data set grouped according to: (C) area of the tissue from which they originate 

(CANCER and NORMAL) and (D) measurement mode (Transmission and Transflection), with highlighted area of differences.  
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 As can be seen from the PCA results (Fig.4A, B), despite 

the differences in measurement modes the division between 

normal and cancerous spectra continues to be very clear and 

still occurs along PC1, explaining around 99 % of the variance. 

This indicates that the spectral features that change for cancer 

in this study are much more significant than the impact of 

physical effects such as EFSW related to transflection 

(Fig.4C,D). Just as important is the fact that the features that 

lead to separation remain the same, regardless of the 

measurement mode. Thus, both techniques are equally suitable 

for the detection of neoplastic change, when only a small 

spectral region is utilised. 

 However, this does not mean that the differences between 

measurement modes are invisible or entirely irrelevant. 

Although the main differentiating features (included in PC1) 

apply to the division between tumour and normal tissue, the 

subsequent ones – contained in PC2 – separate spectra 

according to the measuring mode. Especially the bands at 922, 

1234 and 1304 cm-1 appear to be enhanced in the transflection 

mode. Similarly, in the UHCA results: although the main 

division occurs between classes: tumour and normal, within 

each of these classes spectra measured in transmission and 

transflection tend to be grouped together. This grouping is not 

perfect, but mixing of the spectra measured in the different 

modes occurs only to a small extent (Fig.2). 

 

Transmission and transflection for cancer detection: sections 

after paraffin removal. 

All of the measurements performed for the sections embedded 

in paraffin were repeated after paraffin removal. Once again the 

same regions on adjacent sections were analyzed from the 

different substrates. An example of a measured map 

corresponding to the one presented in Fig.1 along with KMC 

results, is shown in Fig.5.  

  As can be seen, KMC analysis allowed for a clear 

separation of tumour areas after paraffin removal. Moreover, 

the obtained distribution of classes corresponded to a large 

extent with the distribution of classes for maps measured before 

removing paraffin (supplementary, Fig 7S.). However, in this 

case, the spectral differences between cancer and non-

cancerous tissue could be observed by simply integrating 

underneath the area of the amide I band. This reflects 

a different structure of the tumourous areas of the tissue, which 

could result from different tissue density. This change was not 

as visible for the paraffin embedded sections.  

 The same procedure of extracting and averaging spectra 

from cancerous and normal tissue was used to prepare sets of 

spectra obtained in the transmission and transflection as well as 

a set of combined spectra. UHCA and PCA in the range 1700-

900 cm-1 as well as 1350-900 cm-1, were performed on each of 

those sets. Again, the best discrimination was achieved for the 

1350-900 cm-1 region. The results are presented on Fig. 6 and 

Fig.7. 

 

 

 

 

 

Fig. 5. An example of liver tissue section with histiocytic sarcoma, measured in transflection, after paraffin removal: (A) map of distribution of proteins 

based on the integrating the range 1680 – 1620 cm-1 (B) results of KMC in the range 1700 –  900 cm-1 showing the distribution of classes within the 

marked area measured before paraffin removal along with (C) corresponding spectra. An adjacent section stained with H&E showing a clearly 

distinguishable cancerous region is presented in Fig.1A. Colour scale bare for the map of distribution based on band integration is presented in Fig.1 

(MAX = 77.42, MIN = 1.11)  A direct comparison of two maps: before and after the removal of paraffin is presented in supplementary (Fig.7S). 
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 The UHCA performed in the range 1350-900 cm-1 allowed 

for 100% accurate discrimination of cancerous and normal 

spectra from all data sets. The spectral range (1700-900 cm-1) 

failed in the case of transflection and mixed spectra, however, it 

still allowed for distinction between transmission and 

transflection recorded spectra (supplementary, Fig. 8S). This 

difference between the measurement modes would seem to be 

a result of a clear difference in the intensity of bands from the 

range 1400-900 cm-1 relative to the bands in the range 1700-

1500 cm-1. For transmission measurements, the relative 

intensity (to amide I) of the bands in the range 1400-900 cm-1 

is considerably higher than for transflection (supplementary, 

Fig. 8S). Therefore, those bands would have a greater influence 

on the analysis in the range 1700-900 cm-1 for transmission 

spectra most likely form the influence of the ESFW effect.  

 Moreover, in the case of samples after paraffin removal, 

a shift in the amide I position in the spectra of cancerous tissue 

towards lower wavenumber is clearly visible. This shift 

occurred in both measurement modes (supplementary, Fig. 9S), 

from 1655 cm-1 (normal tissue) to 1651 cm-1 (cancerous tissue) 

in transmission, and from 1651 cm-1 to 1643 cm-1, for 

transflection. For the transmission mode the shift was smaller, 

however, a pronounced shoulder band appeared at 1639 cm-1. 

In the past such differences have often been attributed to 

changes in β-sheet structure but an alternative and more likely 

explanation is that the differences are the result of variation in 

the amount of bound water. Water has a band at ~1644 cm-1 

which is largely obscured by the intense amide I band. Bound 

water can never be totally removed from proteins and would 

likely vary between cancerous and normal tissue and certainly 

would change after deparaffinisation. The differences in the 

bound water content between normal and cancerous tissue can 

be seen even more clearly in the O –  H stretching region (3600 

– 3500 cm-1) (see Supporting Information).  

 PCA results (Fig. 7,8) confirm the previous findings for 

paraffin embedded sections (Fig.4). The separation between the 

spectra of normal and tumour tissue always occurs along PC1, 

in both measurement modes analyzed separately and in 

combination. The discriminatory spectral characteristics remain 

the same. In the case of the combined spectral regions the 

differentiation with respect to the measurement mode occurs 

along PC2, however, when compared to the samples in paraffin 

the separation is based on the band at 1036 cm-1, which is 

a glycogen marker band, which is not an ideal marker band for 

cancer detection due to variation in glycogen content in liver 

tissue. 

 

. 

 

  

 

Transmission Transflection 

Mixed spectra: 

transmission 

&transflection 

 

 

 

 
 

 

Fig.6. Unsupervised hierarchical cluster analysis (UHCA) in the range 1350-900 

cm-1 showing the distinction between normal and cancerous spectra in three data 

sets: transmission (including normal and cancerous spectra measured in 

transmission), transflection (including normal and cancerous spectra measured in 

transflection) and combined spectra (including normal and cancerous spectra 

measured in transmission and transflection) after paraffin removal.  Colour code 

for each dendrogram is provided below. 
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Fig.7. PCA results for spectra from healthy (marked as NORMAL in red) and cancer (marked as CANCER in blue) liver tissue, obtained for the (A) transmission 

and (B) transflection spectra: scores plot (PC1 vs PC2) and loading corresponding to PC1, i n the range 1350-900 cm-1. 
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Fig.8. (A) PCA results for spectra from healthy (marked as “NORMAL” in red) and cancer (marked as “CANCER” in blue) liver tissue, obtained for the mixed 

spectra in the range 1350-900 cm-1 and (B) PCA results from the same sample showing the grouping between measurement modes (CANCER transflection, 

CANCER transmission, NORMAL transflection and NORMAL transmission):  scores plot (PC1 vs PC2) and loading corresponding to PC2 plot (PC1 vs PC2) in 

the range 1350-900 cm-1. 

Conclusions 

The results demonstrate that the diagnostic capability of FTIR 

imaging is not affected by the substrate, at least in the case of 

liver histiocytic sarcoma, when using the spectral region (1350-

900 cm-1) for multivariate analysis. In this case the chemical 

differences between normal and cancerous tissue are much 

greater that the contribution from the EFSW effect. Besides the 

differences in glycogen content between normal and cancerous 

tissue, which can also be attributed to nonspecific diseases, 

a marker band for liver sarcoma was identified at 964 cm-1 and 

assigned to a nucleic acid phosphodiester backbone mode, 

which appeared pronounced in cancerous tissue irrespective of 

the substrate. This band also appeared in regions next to the 

tumour albeit not as intense and thus could serve as a potential 

marker band to determine the tumour boundary. These 

differences could be observed before and after the removal of 

paraffin. Interestingly after deparaffinisation an improvement in 

distinguishing cancer from non-cancer was achieved using 

solely the amide I mode. It is hypothesised that this difference 

relates to the amount of bound water still present in the protein 

after the xylene washes but this requires further experiments to 

verify. For liver sarcoma the best routine method to distinguish 

cancer from healthy tissue is to use Mirr-IR substrates with 

paraffin embedded tissue and do the multivariate analysis on 

a restricted spectral region. More work is required to ascertain 

whether this approach will work for other types of cancers 

where the spectral changes are not so large or for dysplasia 

where changes are usually very small but FTIR spectroscopy 

certainly still shows potential as a method to determine the 

extent of tumour penetration and possibly identify tumour 

boundaries not seen in conventional H&E staining using 

a routine clinical preparation.  
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