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ABSTRACT   

The ability of diagnostics of melanoma and nevus based on spectral analysis of paraffin-embedded tissues in the 0.3-1.5 

terahertz (THz) range has been carried out. The principal component analysis was applied to reduce the dimension of the 

feature space. A comparison of these spectra shows evident differences between samples. 

The possibility of applying the optical clearing to paraffin-embedded tissue for improving the visualization of the 

internal structure of tissue for diagnostic and research purposes is shown. In the studies, a sufficiently strong effect of 

optical clearing of paraffin-embedded muscle was obtained (63%).   

Keywords: paraffin-embedded tissue biopsy, cancer, MPM microscopy, THz spectroscopy, optical coherence 
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INTRODUCTION 

Annually, 2 million cases of non-melanoma skin cancer and more than 100 thousand cases of malignant skin melanoma 

are diagnosed in the world. Melanoma is a skin tumor characterized by a high degree of malignancy, a high level of 

metastasis and relapse, poor prognosis and high mortality. Correct and rapid diagnosis of melanoma is one of the 

decisive factors for the successful treatment of the patient and helps to reduce the likelihood of death significantly. The 

gold standard for cancer diagnosis is a histological analysis of tissue biopsy. Typically, pathologists visually assess 

histopathology slides using conventional microscopes, camera-equipped microscopes, etc. But similar estimation is time-

consuming and may be biased. Recently, there is a fast development of computer-aided detection systems, based on the 

applications of artificial intelligence and computer vision, for interpretation of medical images.  

There are restrictions on the direct computer vision analysis of histological slides. Thus, information about the spatial 

distribution of various molecular biomarkers (often called by chemical biopsy) is very important for more detail 

evaluation of pathology. 

Methods based on IR and THz spectroscopy do not affect on tissue samples when the radiation incident on the sample 

has low power.
[1],[2]

 IR spectroscopy is based on the absorption of infrared light by vibrational transitions in covalent 

bonds; the characteristic spectral features correlate with the biological properties of the sample. Thus, useful diagnostic 

information can be extracted from IR spectra for various pathologies.
[1]

 IR spectroscopy allows obtaining spatially 

resolved chemical and structural information of a tissue sample; therefore, there is no need to stain samples and add 

chemical reagents.  

Multiphoton microscopy is a kind of IR spectroscopy and imaging. This method is one of the options for laser scanning 

microscopy in which fluorochromes are excited by laser radiation in the IR or short-wavelength range.  

*yuk@iao.ru; phone +7-913-828-6720 

Invited Paper

Tissue Optics and Photonics, edited by Valery V. Tuchin, Walter C. P. M. Blondel, 
Zeev Zalevsky, Proc. of SPIE Vol. 11363, 113630J · © 2020 SPIE 

CCC code: 0277-786X/20/$21 · doi: 10.1117/12.2555632

Proc. of SPIE Vol. 11363  113630J-1
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 13 Aug 2020
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 
 

 

 

 

The multiphoton microscopy is useful for three-dimensional visualization of subcellular structures and their changes with 

a high spatial and temporal resolution.
[3]

 The structure of collagen and elastin, which well describe the condition of the 

skin, can be detected using the FLIM methods, second harmonic generation, and autofluorescence.
[3]

  

Cell type identification can be achieved on formalin-fixed paraffin tissues, which gives access to a large bank of tumor 

tissue and allows direct comparison with gold standard histopathological procedures. Shown the ability of IR 

microspectroscopy to distinguish nevus from melanomas using sections of paraffinized tissue without prior dewaxing.
[4]

 

THz spectroscopy, along with IR spectroscopy, is a promising method for the study of cancer tissues. THz waves have 

very low ionization possibility on cells, but strong absorption by water that limits their penetration in tissue. The content 

of various chemical compounds changes, such as tryptophan amino acids, and also structural changes in the affected 

areas of the skin were analyzed in the THz range.
[2],[5]

 Skin cancer cells absorb more THz wave energy than healthy cells, 

which have a higher refractive index, absorption coefficient, and permittivity in the THz range, thereby demonstrating 

that the THz imaging can be useful for distinguishing cancer and healthy tissues, including those embedded in 

paraffin.
[5],[6],[7]

 Due to the use of the THz time-domain system, the opportunity was realized not only to distinguish 

pathological tissue from healthy tissue clearly but also to identify differences between tumor tissues damaged by various 

degrees of adenocarcinoma.
[8],[9]

 

The possibility of THz imaging of dehydrated tissue of malignant melanoma of the skin based on multiscale, multi-

azimuthal and multi-structural mathematical morphology of elements is shown to reduce the effect of noise on edge 

detection and provide a relatively accurate definition of areas of normal and cancerous tissue.
[10]

 A significant difference 

was found between sub-THz uptake in melanoma and nevus tissue embedded in paraffin.
[11]

 

Typically, the penetration depth of IR and THz radiation into biological tissue does not exceed a couple of millimeters; 

therefore, increasing the penetration depth of radiation is an urgent task when conducting such studies. 

One of the simple and effective methods for solving the problem of increasing the depth and quality of visualization of 

the interstitial structure, as well as improving the accuracy of spectroscopic information from the deep layers of the 

tissue, is a temporary decrease in light scattering by the tissue.
[12],[13]

 

Most methods that reduce tissue scattering are based on aligning the values of the refractive index of tissue components 

due to the diffusion of the immersion agent with a specially selected value of the refractive index.
[14],[15]

 

The tissue optical clearing method was proposed to increase the depth and resolution of optical diagnostic methods, such 

as optical coherence tomography, fluorescence and THz imaging.
[15],[16]

 

The use of optical clearing agents can be especially important for improving two-photon imaging
[17]

, since it was shown 

that the effect of light scattering greatly reduces the depth of light penetration to values smaller than the depth of 

fluorescence of a single photon, while the resolution usually remains unchanged.
[18]

 Improving the depth of two-photon 

imaging using the tissue optical clearing method using hyperosmotic agents, such as glycerin, occurs mainly due to the 

combined effect of reducing scattering in the surface layers of a tissue sample, which reduces attenuation of the incident 

and detected radiation.
[14]

 

We plan to discuss the abilities of automatic differential classification of the paraffin-embedded tissue samples using a 

combination of IR-THz molecular imaging, samples optical clearing, and machine learning. 

MATERIALS AND METHODS 

Paraffin-embedded, both melanoma (n=15) and nevus (n=13) tissue biopsy we analyzed in work were from the biobank 

of the Tomsk Cancer Research Institute. THz absorption spectra of paraffin-embedded tissue skin samples were 

measured using of Time-domain THz spectrometer (EKSPLA, Estonia) with tuning range 0.3-1.5 THz. Spatial 2D 

scanning of each paraffin-embedded tissue sample was performed with a step of 0.1 mm in vertical and horizontal 

directions. This step value is much smaller than THz beam diameter (about 4.2 mm) that ensures the ability to average 

random spatial fluctuations of the THz signal.  The averaging over 128 spectrum scans in every spatial point also was 

used to improve the signal to noise ratio. The data obtained contain information on both the structure and spectroscopic 

characteristics of the sample.  

The optical properties of paraffin sections of biological tissues were studied using an MPTflex two-photon tomography 

from JenLab (Germany) with a tunable titanium-sapphire femtosecond near-infrared laser (760 nm). Images 90 × 90 μm 
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in size are recorded with a 512 × 512 pixel detector array. The measurements were carried out in two stages: without an 

optical clearing agent and with the use of glycerin. At each stage, the paraffin block was scanned at 10 different spatial 

points; depth scanning was performed at each point (10 scans with a step of 5 μm). 

Optical coherence tomography (Thorlabs Inc., USA) at a wavelength of 930 nm with the spectral band of 100 nm at 2 

mW, scanning depth (in the air) - 1.6 mm, in-depth spatial resolution - 6.2 μm (on the air) was used as the reference 

method for estimation of the efficiency of optical clearing. The recording of OCT tomograms from the studied area of 

the sample was carried out before applying optical clearing agent to the surface of the sample, and then during the 

action of the agent (every 5 min) within 70 min. In these studies, propylene glycol  (99.9%, Reactive, Russia) was used 

as an optical clearing agent.
[19],[20],[21]

 The refractive index of the solution was measured using a multi-wave Abbe 

refractometer (Atago, Japan) at a wavelength of 930 nm as 1.4244 with the accuracy of ± 0.0002.  The recorded OCT 

tomograms were used to calculate the kinetics of the light attenuation coefficient in the paraffin-embedded muscle in a 

region of 0.75 mm deep from the surface of the sample. 

The time dependences of the light attenuation coefficient in the muscle were used to estimate the degree (A) of the 

optical clearing of the muscle under the action of propylene glycol on it, the kinetic curves were approximated by the 

equation
[22]

: 

μnorm(t) =
μ(t)

μ(t=0)
= A ∙ exp (-

t

τ
) + y0,    (1) 

where μ(𝑡 = 0) и μ(𝑡)  – the light attenuation coefficients in the sample at times t = 0 and t respectively; 𝑦0 – residual 

value of μnorm(𝑡), which can be achieved. 

The efficiency of the muscle optical clearing was estimated as the ratio of the difference between the minimum and 

initial values of the light attenuation coefficient in the tissue to the initial value of it: 

OCeff =
μt0−μt𝑚𝑖𝑛

μt0
∙ 100%.  

We used the Principal Component Analysis (PCA) to estimate the spatial distribution of the paraffin-embedded samples 

under investigation, where the THz absorption spectra of paraffin blocks serve as feature vectors.
[23],[24]

  

RESULTS 

Fourier transform was used for each time signal (Figure 1a) to obtain the absorption spectrum (Figure 1b). The latter is 

represented in the range from 0.3 to 1.5 THz since signal-noise ratio was large enough in this range 

 

a       b 

Figure 1. The example of the time signal (a) and corresponding absorption spectrum (b) for the paraffin block with nevus and 

melanoma tissues. 
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Preliminarily, the THz absorption spectra of the samples were smoothed using the Savitsky-Golay filter. For a set of 

spectra of each paraffin block, the procedure for selecting informative regions was carried out.
[8]

 The PCA was used to 

reduce the dimension of the feature space. Figure 2 shows the projection of the objects understudy on the subspace of the 

first and fifth principal components. There is a good enough spatial separation of samples into two groups corresponding 

to melanoma and nevus tissues. 

 

Figure 2. Projection of the studied absorption spectra of tissues with melanoma and nevus on the subspace of the first and fifth 
principal components.  

 

Figure 3 shows fluorescence images for a paraffin block with tissues without an optical clearing agent and after applying 

glycerin, to the surface of the block. From figure 3a, in the case of measuring a paraffin block without the use of an 

optical clearing agent, one can see the glow of individual tissue components; however, the structure of the tissue is 

poorly distinguishable. Figure 3b shows that after the action of glycerol on the surface of the paraffin block, the 

penetration depth of the laser beam increased and, as a result, the characteristic spatial structures of the biological tissue 

became visible. 

 

   
a     b 

Figure 3. An example of a fluorescence image of a paraffin block with melanoma a) without an optical clearing agent, b) after glycerol 

is used. 
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Figure 4 shows typical OCT tomograms of muscle before and during exposure to propylene glycol. It can be seen an 

increase in the probing depth of the sample within the measured area during the impact of the solution on the tissue 

surface. The heterogeneity of the muscle structure that was not initially visible becomes more visible.  

    

a   b   c   d 

Figure 4. OCT tomograms of paraffin-embedded muscle before the impact of propylene glycol (a), during 10 (b), 20 (c), 30 

(d) min of exposure. 

 

Figure 5 shows the dependence of the light attenuation coefficient in muscle tissue on the time of optical clearing by 

propylene glycol, which shows a fast decrease of the light attenuation coefficient in the tissue under the agent impact. 

 

Figure 5. The dependence of the light attenuation coefficient in paraffin-embedded muscle tissue on the time of optical clearing by 

propylene glycol. 

 

The characteristic efficiency of optical muscle cleaning under the influence of propylene glycol, obtained from the time 

dependence of the coefficient of light attenuation in muscles, is 63%. The decrease of the light attenuation coefficient in 

the tissue indicates the decrease of the light scattering. In tissues in vitro, ex vivo, in vivo, this is explained by an 

increase in the optical homogeneity of the tissue due to decrease in the difference between the refractive indices of the 

tissue components by partial dehydration of the tissue and the penetration of the optical clearing agent into the tissue.
[22]

 

The preparation of a paraffin-embedded tissue sample includes dehydration and fixation of the tissue, which implies a 

certain limitation of the optical clearing of the sample. Nevertheless, in the conducted studies a sufficiently strong effect 

of optical clearing of paraffin-embedded muscle was obtained (63%). The effect is probably caused by the outflow of 

residuary water from the tissue. 

Thus, the ability of diagnostics of melanoma and nevus based on spectral analysis of paraffin-embedded tissues in the 

THz spectral range has been carried out. The principal component analysis was applied to reduce the dimension of the 

feature space. A comparison of these spectra shows evident differences between samples. 

The possibility of applying the optical clearing to paraffin-embedded tissue for improving the visualization of the 

internal structure of tissue for diagnostic and research purposes is shown. 
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