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Summary

Background and Objectives: Autofluorescence spectroscopy and Raman spectroscopy
have been suggested for lesion diagnostics. We will investigate the information contai-
ned in autofluorescence and Raman spectra recorded from oral tissue slices of various
lesion types.
Study Design/Materials and Methods: Thirty-seven lesions of the human oral mucosa
were biopsied and freeze-dried. Complete autofluorescence images and spectra at a
number of positions were recorded under 20 m sections of these tissue specimens.
Raman spectra were acquired from the same positions for 12 of the sections. Cluster
analysis was applied to find any relations between spectral shape and lesion type or
cell layer.
Results: Autofluorescence images showed high intensities for keratin layers and con-
nective tissue, but hardly any intensity for the epithelium. Autofluorescence spectra
were centered around 520 nm and did not show specific spectral features. No cluste-
ring with regard to lesion type or cell layer was observed. Raman spectra allow for reli-
able classification into cell layers, but differences between lesion types were not signifi-
cant in this study.
Conclusions: Autofluorescence spectra of freeze-dried oral mucosa sections appear not
to contain useful information. For Raman spectra, a larger study is required.

6.1 Introduction
Autofluorescence spectroscopy and Raman spectroscopy have been applied in vivo and ex vivo for

the detection of early cancers in many organs [1-7]. The principles on which the techniques rely
are very different, and therefore both of them are sensitive to different tissue alterations that are
possibly related to disease. In the present study, we want to perform autofluorescence and Raman
microspectroscopy on the same oral tissue sections to investigate the information provided by the
two methods. The tissue sections from which the spectra were recorded, were also measured in vivo

before performing the biopsy.
Autofluorescence in tissue has been attributed to many fluorophores, such as collagen, elastin,

NADH, keratin and flavins. In vivo autofluorescence spectra are influenced not only by concentra-
tions of these fluorophores, but also by tissue morphology and light absorption, mainly by blood.
However, ex vivo autofluorescence spectra can be measured from different tissue layers separately,
so that morphological influences are avoided. Moreover, the mucosal sections generally do not
contain blood, and therefore the spectra recorded from these sections will contain only the pure
fluorophore spectra without scattering or absorption artifacts. Therefore, we could imagine that
spectra that are recorded in vivo can partly be understood in terms of ex vivo autofluorescence spec-
tra recorded from tissue specimens obtained from the same anatomical location. However, some of
the fluorophores and in particular NAD(P)H have been reported to loose their fluorescent proper-
ties after resection[8]. The oxygenation of ex vivo tissue leads to a shift from NAD(P)H to its oxidi-
zed form NAD(P), which does not fluoresce. Also, changes in oxygen concentration and pH will
influence the fluorescent properties of the tissue. Therefore, the spectra measured in vivo cannot 
be modeled reliably by using autofluorescence spectra measured from frozen-thawed tissue speci-
mens. 

When monochromatic light enters tissue, about one in a million of the (otherwise elastically)
scattered photons have a shifted wavelength. This phenomenon is called Raman scattering, and it

_PROEF_H6_P081_092  23-03-2005  14:10  Pagina 82
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is caused by the transition of molecules to virtual vibrational states. In order not to be sensitive to
fluorescence, which is many times more effective than Raman scattering, excitation wavelengths
are usually in the infrared region of the spectrum, for which fluorescence is less frequently evoked.
The wavelengths of the frequency-shifted Raman photons contain information about the type of
molecules in the sample. When applied to tissue, this information may assist in the identification
of disease. Raman spectroscopy has obtained much success in classifying tissue samples of various
organs ex vivo and in vitro [9-14]. More recently, some progress has been made for in vivo diagnos-
tics as well[1;5;15;16]. 

Raman spectroscopy is suitable for small tissue sample sizes, and provides very accurate informa-
tion on the molecules present in the tissue by showing sharp spectral features. However, control-
ling the measurement equipment is still very difficult. For the oral cavity, only one explorative ex
vivo study incorporating Raman measurements has been performed[17]. Only differences in fat
composition were detected.

The effects of freezing and storing tissue samples are expected to be smaller on Raman spectra
[18].  No Raman spectra recorded in vivo were available for our study, so that no modelling could
be applied. 

For both autofluorescence and Raman spectra, we will test whether it is possible to spectrally
identify the different cell layers, and whether 1) different cell layers and 2) benign, dysplastic and
malignant samples can be distinguished. We will describe the general impression of captured
autofluorescence images.

6.2 Materials and methods
Thirty-seven oral lesions from 35 patients were biopsied over a period of two and a half years. 

A part of the tissue samples was used for regular pathology evaluation, while the other part was
available for our study. These tissue specimens were snap-frozen in liquid nitrogen and then stored
at -80° C for five months to two years until they were cut in 20 µm tissue slices with a cryotome
and positioned on quartz slides using Tissue-Tek. Tissue sections alternately underwent regular
HE staining and no staining for autofluorescence measurements. Before performing the measure-
ments, the slides were thawed to room temperature. Original histopathological diagnoses obtained
from the sample parts that underwent regular diagnostics were compared with diagnostics on our
own HE staining tissue section by an experienced oral histopathologist. In the case of discrepancy,
we used the diagnosis of our own HE staining sections.

In vivo autofluorescence measurements
In vivo spectra were recorded from four locations for each lesion: the center, the border, the sur-

rounding tissue and contralateral (healthy) tissue. For each location, spectra were acquired using
seven excitation wavelengths between 350 and 450 nm, among which the wavelengths used for
microscopy (405 and 435 nm). Although we cannot apply modeling by means of ex vivo spectra,
we will include example spectra recorded in vivo to demonstrate the main differences.

Autofluorescence microscopy measurements
A fluorescence microscope had been adjusted to measure autofluorescence images and spectra as

shown in Figure 6.1 (Leica Microsystems B.V., Rijswijk, The Netherlands). First, a white light sur-
vey image of each slice was recorded under 10x magnification using the halogen light source of
the microscope. The integration time was 100 ms and the image was saved to a computer. Then
two 10x magnification autofluorescence images (405 and 435 nm excitation) were recorded using
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a mercury lamp for excitation, while the halogen light was blocked completely. A 460 nm longpass
filter was used to prevent excitation light of higher wavelengths from reaching the tissue, while a
460 nm shortpass filter was placed in front of the microscope’s camera to block the reflected mer-
cury light. We used 405 and 435 nm bandpass filters to obtain the corresponding excitation wave-
lengths.

Figure 6.1. Scheme of the autofluorescence microscopy set-up. Tissue samples were exposed from above.

The spectra were recorded through a 100 µm optical fiber using a specially designed fiber adap-
ter. The magnification used for recording spectra was 20X, in which case the sampling area dia-
meter was equal to 7.7 µm. The standard integration time, used to achieve a sufficient signal to
noise ratio, was 15 seconds. However, in the case of very high fluorescence intensity at the measu-
rement location, this integration time was manually changed to 10, 5 or 3 seconds to prevent
CCD saturation. All spectra were recorded using a spectrograph (USB2000, Ocean Optics,
Duiven, The Netherlands, www.oceanoptics.nl). Each location at which microspectroscopy was
performed, was documented by recording a 20X magnified white light image of the surrounding
area while a white-light source was attached to the spectrograph-end of the fiber. This produced a
small white spot at the exact position of spectral probing. The digital images with the spot were
saved to acquire Raman spectra from the same positions at a later time. Background images
recorded for the appropriate integration time were automatically subtracted from the recorded
autofluorescence images.

Raman measurements
Raman spectra of the tissue sections were obtained by a near-infrared multichannel Raman

microspectrometer built in-house. Briefly, the setup consists of a microscope (DM-RXE, Leica,
Cambridge, UK) coupled to a Raman spectrometer (System 100, Renishaw, Wotton under Edge,
UK). Laser light of 847 nm is focused on the sample by an 80x NIR optimized objective
(Olympus, Japan). The objective also collects light that is scattered by the sample, which is then
analyzed by the spectrometer. Raman signal was collected in the spectral interval from 400 to
1800 cm-1, with a spectral resolution of 8 cm-1. This system has been described in detail 
before[19]. 

The tissue sections were placed on an xyz-motorized, computer controlled sample stage (Leica
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DM STC, Cambridge, UK), which enabled automatic scanning of the sample. The laser light was
focused below the surface of the tissue at such a depth that the signal intensity was maximized.
The area to be scanned and the scanning step size were chosen therefore dividing up the area of
interest into small square areas (here termed Raman pixel). Spectra were obtained consecutively
from the tissue in each of these Raman pixels, the size of which varied between 0.25 and 400
µm2, for different measurements. The 80x microscope objective focused the laser light to a spot of
less than 1 µm2. Therefore, in order to obtain a spectrum that is representative for the tissue in a
Raman pixel, the area of the Raman pixel was scanned during each spectral measurement.
Acquisition of Raman spectra and microscopic stage movement was controlled by the WiRE 1.2
software (Renishaw) running under Grams/32 Spectral Notebase Software (Galactic Industries
Corp., Salem, NH, USA). Raman mapping software was implemented in Array Basic (the inter-
nal software platform of Grams) and controlled the Leica microscope unit and the microscope
stage. Tissue samples were excited with 90–110 mW of laser power during Raman experiments.
Spectra were usually obtained using 10-20 seconds of signal collection time per Raman-pixel.

Data analysis
Autofluorescence images were studied visually to describe the general features of the tissue secti-

ons. Autofluorescence spectra were analyzed using multivariate techniques. First, a k-means cluste-
ring algorithm was applied to find any clusters that could possibly be related to information con-
tained in the autofluorescence features (cell layer or type of lesion). Afterwards, we applied k-
means clustering to the scores on the first 10 principal components with the same purpose.
Raman spectra were analysed by hierarchical cluster analysis using the scores on the first 20 prin-
cipal components. 

6.3 Results
Lesion characteristics of the original histopathological reports obtained from regular diagnostics

are summarized in Table 6.1. Our tissue section of one lesion that was classified as benign by the
pathologist turned out to contain only healthy mucosa. Two dysplastic lesions showed only benign
tissue alterations in our sections, and one cancerous lesion contained only benign alterations in
our section. The diagnoses of these tissue sections were corrected accordingly. For Raman spec-
troscopy, only 12 tissue slices were measured because of limited availability of the experimental
setup and because of spectral artifacts (like high fluorescence and local burning, which occurs
when highly absorbing tissue inclusions are hit with the laser). 
A total of 237 autofluorescence and 57 Raman spectra could be measured, see Table 6.2 for furt-
her details. 
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Table 6.1. Characteristics of all oral lesions included in autofluorescence microscopy and microspectroscopy.

a.

b.

Table 6.2. Numbers of recorded a) autofluorescence and b) Raman spectra. Benign lesions were oral lichen planus, 
hyperkeratosis, hyperplasia, inflammation. Malignant lesions were squamous cell carcinomas.

Anatomical location Total 

Benign (lichen planus, Gingiva (1) 25
inflammation, hyperkeratosis, Lip mucosa (1)
hyperplasia) Mandible (1)

Floor of mouth (1)
Hard palate (2)
Oropharynx (1)
Ventral side of the tongue (3)
Lateral border of the tongue (6)
Trigonum retromolare (1)
Cheek mucosa (8)

Dysplasia Soft palate (1) 4
Free mucosa of the mandible (1)
Free mucosa of the maxilla (1)
Lateral border of the tongue (1)

Squamous cell carcinoma Floor of mouth (2) 8
Free mucosa of the mandible (1)
Gingiva (1)
Ventral side of the tongue (1)
Lateral border of tongue (1)
Vermillion border of the lip (1)
Lip mucosa (1)

Cell layer PP Keratin Epithelial Connective tissue Total
Lesion type SS

Benign 15 114 69 198

Dysplastic 0 6 3 9

Malignant 1 18 11 30

Total 16 138 83 237

Cell layer PP Keratin Epithelial Connective tissue Total
Lesion type SS

Benign 7 21 11 39

Dysplastic 0 4 2 6

Malignant 0 4 8 12

Total 7 29 21 57
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Autofluorescence images
There were no observable differences between autofluorescence images recorded under 405 or

435 nm excitation, except for the fluorescence intensity which was higher for 435 nm excitation
due to a higher output of the lamp at this wavelength. Therefore, after studying the first 20 secti-
ons we decided not to record 405 nm excitation autofluorescence images anymore. The freezing
and thawing of sections that had already been frozen did not seem to influence the intensity or
shape of autofluorescence images. Unfortunately, we did not have the possibility to compare the
frozen-thawed sections with fresh tissue sections. A representative autofluorescence image under
435 nm excitation and the corresponding phase contrast image of a section are shown in Figure
6.2. The autofluorescence images did not show cell-like features, but resembled the general outline
of the white light image. It is clear that most of the autofluorescence intensity is produced by the
keratin layer and the connective tissue, while the epithelium is much less fluorescent.      

Hyperkeratotic lesions were identifiable by a strong fluorescence from the keratin layer. No diffe-
rences were observed between autofluorescence images of dysplastic and benign lesions. Tumours
were characterized by irregular shapes of the different cell layers, which could be noticed more
clearly in the familiar white light images. 

Figure 6.2. White lesion of the lateral border of the tongue, histological conclusions: benign hyperplastic and hyperkeratotic
lesion. 
a) Phase contrast image, magnified 10X
b) Autofluorescence image (405 nm excitation, >460 nm detection), magnified 10X, 15 seconds integration time

Autofluorescence spectra
All recorded autofluorescence spectra appeared to consist of a broad peak around 510-520 nm,

which is consistent with our in vivo findings[20], but no specific features like blood absorption dips
or porphyrin-like peaks were observed. Example spectra from one and the same lesion for micros-
copic as well as in vivo measurements are shown in Figure 6.3. It is clear that the fluorescence
maxima are at similar wavelengths, but the differences are striking as well. In vivo measurements
show the influence of blood absorption, with absorption maxima round 540 and 575 nm, and in
some cases porphyrin-like peaks centered around 630-640 nm. Also, the fluorescence intensity for
especially the center and the border of the lesion is greatly reduced because of blood absorption.
None of these features are reflected in the microscopically recorded autofluorescence spectra.

a. b.
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Please note that the small irregularities seen in these spectra are an artifact caused by a lower sig-
nal-to-noise ratio.

Figure 6.3. Example autofluorescence spectra from a benign lesion (squamous hyperplasia with hyperparakeratosis and
inflammation), recorded under 435 nm excitation a) in vivo and b) ex vivo. 

Median autofluorescence spectra with standard deviations from the mean are plotted for the epi-
thelial, keratin and connective tissue layer in Figure 6.4a, and for benign, dysplastic and malignant
lesions in Figure 6.4b. For the autofluorescence spectra, we chose to plot median spectra instead of
the more common mean spectra to avoid the noise (especially large “spikes”) from disturbing the
general picture. In general, standard deviations were much larger than differences between different
spectra, as can be seen from the figure. The difference between fluorescence intensities of the diffe-
rent tissue layers may therefore not seem very impressive. However, for each separate tissue section,
fluorescence intensity was higher for the connective tissue layer than for the other cell layers.

Figure 6.4. Median autofluorescence spectra under 435 nm excitation for a) the three types of cell layers and b) benign
(lichen planus, inflammation, hyperkeratosis, hyperplasia), dysplastic and malignant (squamous cell carcinoma) tissue.
Vertical bars indicate standard deviations. 

a. b.

a. b.
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Performing the k-means clustering of autofluorescence spectra under 435 nm excitation or their
first 10 principal components did not produce any clusters. No relation to lesion type or cell layer
could be observed. We repeated the clustering for the different tissue layers (epithelial, connective,
and keratin layer) separately. This did not change the results.

Raman spectra
Mean spectra for the two groups showing the most spectral differences, i.e. connective tissue

layer and epithelial/keratin layer, are plotted in Figure 6.5. The spectra from connective tissue lay-
ers show higher contributions of collagen whereas the spectra of the epithelium show higher con-
tributions of keratin (peaks between 1200 and 1350 cm-1). No spectral dependency on lesion type
was observed. 

Figure 6.5. Mean Raman spectra of oral tissue sections for different tissue layers.

Hierarchical Cluster Analysis shows a clear distinction between different tissue layers. The den-
drogram showed that most spectra were automatically arranged in two major branches correspon-
ding with spectra recorded from 1) the connective tissue layer and 2) the epithelial or keratin layer
(Figure 6.6). The branch containing the connective tissue layer spectra did not contain any epithe-
lial/keratin layer spectra. However, the branch containing the  epithelial spectra contained 4 spec-
tra recorded from the connective tissue layer. All these misclassifications could be explained by
wrong positioning of the Raman microscope , since these spectra were all located at the basal cell
layer or right next to that. No further groups for lesion type or further layer information could be
distinguished. We repeated the clustering in spectra recorded from the collagen and epithelium
separately, in order to find any clustering related to lesion type. This was not successful.
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Figure 6.6. Dendrogram for Raman spectra according to cell layer.

6.4 Discussion
We have observed that autofluorescence spectra recorded from oral tissue sections that have been

freeze-dried do not show specific spectral features like blood absorption or porphyrin-like peaks,
unlike spectra recorded from the same lesions in vivo. The spectral shape was very similar for both
different cell layers and different lesion types, but variations in autofluorescence intensity were
large. By looking at the autofluorescence images, we conclude that the main attributors to auto-
fluorescence of freeze-dried oral tissue sections are keratin and the connective tissue fluorophores,
probably elastin and collagen. The epithelium showed very low autofluorescence intensity.
Possibly, this is caused by the effects of freezing and thawing on the epithelial fluorophores. 
No clustering of spectra was observed. 
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For Raman spectra, we could distinguish clear differences between the different cell layers (kera-
tin/epithelium vs. connective tissue layer). These were probably associated with the different spec-
tral properties of collagen and keratin. However, any possible spectral differences associated with
lesion type were much smaller than those related to type of cell layer. When looking within mea-
surements from the epithelium or the connective tissue separately, some differences can be obser-
ved, but they are not significant in this study. 

We can conclude that autofluorescence spectromicroscopy was not able to separate benign from
dysplastic and malignant lesions, as was the case in our in vivo study[20]. We believe that the suc-
cessful in vivo classification of lesions vs. healthy oral mucosa is explained by hyperkeratosis, blood
absorption artifacts and porphyrin-like peaks, which are all nonspecific for malignancy. Since the
present autofluorescence microscopy study was performed on frozen sections, which might sub-
stantially influence the fluorescent properties of the tissue, the results cannot be used to support
the findings of our in vivo study. However, they do not contradict the results of the in vivo study
either.

Raman spectroscopy was more successful than autofluorescence spectroscopy, since it was very
well possible to separate the different cell layers. However, only non-significant differences between
spectra of different lesion types could be observed. Unfortunately, we did not have enough spectra
available to study the differences within cell layers. Since the Raman spectral differences between
cell layers are so large, it is well possible that these overshadow any differences between benign,
dysplastic and malignant lesions. We therefore propose to perform a larger Raman microspectros-
copy on oral mucosa sections.  In such a study, it will be sensible to measure maps of complete
sections or large parts of these instead of point measurements. In this way, it will be easier to
search for the largest differences. Also, the risks of mispositioning of the microscope will then be
avoided. 
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