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ABSTRACT 

The study of exosomes of saliva and blood plasma by THz laser spectroscopy was carried out. Exosomes were sampled 
from patients with colorectal cancer (n = 6) and healthy volunteers (n = 5). A substantive examination of the samples 
absorption spectra was performed using the method of canonical correlation analysis. The presence of Glycine, L-
Alanine, Mannose was revealed everywhere. The Mannose content was less in exosomes samples corresponding to 
colorectal cancer in comparison with exosomes samples from healthy volunteers. 
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1 INTRODUCTION 
In spite of progress in the diagnosis and treatment of cancer it is still one of the main problems for public health.1 For 
early diagnostics it is necessary to find more specific cancer biomarkers. Exosomes play a significant role in intercellular 
communication. They derive from multivesicular bodies, special sorting complexes provide selective accumulation of 
extracellular vesicle proteins, lipids and RNA. Proteins are one of the main cargos in exosomes and they are associated 
with biological activities of exosomes such as cell-to-cell communication, biogenesis and so on. These particles of the 
size of 40-100 nm involved in various physiological pathways in normal and abnormal cells. 

Recently it was shown that exosomes released from cancer cells can effect on development of cancer at different stages.2 
These important mediators could regulate, for example, tumor growth, metastasis, immune system response. Dissimilar 
kinds of extracellular vesicles including exosomes are released from various cell types but from cancer cells exosomes 
are secreted in substantially higher concentrations. It was showed that exosomes act in this case as a mediator in the 
transformation of normal cells to cancer cells. Exosomes extracted from serum of patients with breast cancer induced 
tumor formation in mouse models.  

During recent research it was appeared that exosomes released from colorectal cancer cells carry cell cycle-related 
mRNAs.3 Last ones can induce proliferation of endothelial cells. A systematic approach to the colorectal cancer cell-
derived microvesicles using transcriptome analysis of the microvesicles derived from SW480 cells, a human CRC cell 
line, and the donor CRC cells was conducted.  Such method helps to understand  the potential role of cell-derived 
microvesicles in colorectal cancer-related processes. Namely, microvesicles reflect the physiology of the donor 
colorectal cancer cells, stimulated proliferation of endothelial cells. It was suggested that colorectal cancer-derived 
microvesicles can be involved in tumor growth and metastasis by means of stimulating angiogenesis-related processes.  

Thus, exosomes can be used as diagnostic and therapeutic biomarkers in different types of cancers. Exosomes are 
attractive tools for this goal, because they can be isolated fast and easily from body fluids such as saliva, blood plasma, 
urine.4 

Colorectal  cancer  is  very  frequent  malignant  tumor  with  a  still  increasing  coverage both in Europe and United 
States.5 In terms of mortality  colorectal cancer is the second most common cancer in Europe. Metastasis is the most 
lethal attribute of colorectal cancer because about 90% of all cancer deaths arise from  the  metastatic  dissemination  of  
primary  tumors. Here, metastasis is the result of early changes  during  tumor  progression. Today much  is  known 
about molecules contributing to the pathways  metastasis  control.  However, patient prognosis is mainly depended on 
extent of tumor spread within a surgical sample. Molecular determinants for  metastasis of colorectal  cancer  potential  
markers for metastasis prognosis and as the result the metastasis prevention.  

The aim of the paper was spectral analysis of paired samples of exosomes of saliva and plasma of patients with locally 
advanced forms of colorectal cancer and healthy volunteers using laser THz spectroscopy. 
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The spectra of biological samples are complex so for data mining methods, Principal Component Analysis, Support  
Vector Machine, Canonical Correlation Analysis (CCA) are useful for content sample analysis.6-9  

2 MATERIALS AND METHODS 

The study was approved by the Local Ethics Committee of the Cancer Research Institute of Tomsk National Research 
Medical Center. The blood samples were obtained from 6 patients with Stage T2-4N0-2M0 colorectal cancer and 5 
healthy donors. All patients were fully informed of the purpose and nature of the treatment and provided an informed 
written consent.  

The exosomes from the blood plasma were isolated by ultra-filtration in combination with a double ultra-
centrifugation.10 In particular, to remove cellular debris, blood plasma samples were centrifuged at 17,000 g at 4°C for 
20 minutes. The supernatants were diluted 5 times with phosphate buffer (PB, 10 mM phosphate buffer, 0.15 M NaCl, 
pH 7.5) and filtered through a filter with a pore diameter of 100 nm (Sartorius, USA). The filtrate was ultra-centrifuged 
(100,000 g, 90 min, 4°C), the precipitate was washed with PB. The exosomes were resuspended in 200 μl PB, frozen in 
liquid nitrogen and stored at -80°C. The samples were examined by means of transmission electron microscopy (TEM). 
Training included sorption of the exosomes sample onto a copper grid covered film for 1 minute and contrast of a 2% 
phosphotungstic acid-set 10. The grids were studied by transmission electron microscope Jem1400 (Jeol), images 
obtained with the Veleta digital camera. 

Then the obtained exosomes were characterized using flow cytometry on the content of the most common exosomal 
membrane protein: CD9, CD63, CD81 and CD24.11 Unconjugated antibodies against tetraspanins or CD24 (Abcam, UK) 
were adsorbed to latex beads (Invitrogen, USA) at the rate of 1 mg protein / 106 particles in MES-buffer at room 
temperature for 10 hours. Washed PB antibody coated beads were incubated with 30 μlexosomes that were obtained 
from 2.7 ml blood / 3.6х105 particles in PB overnight at + 4°C. Then unreacted centers were blocked with 0.2 M glycine 
for 30 min at 4° C, the particle-antibody-exosomes complexes washed twice with 2% bovine serum, and then incubated 
with a blocking immunoglobulin G (BD, USA) for 10 min. To the complexes washed twice by PB with 2% bovine 
serum were added 20 μl of FITC-labeled anti-tetraspanins antibodies (BD, USA) and 80 μl PB with 2% bovine serum 
and incubated for 40 min. Fluorescence complexes of the exosomes with antibodies were measured by flow cytometry 
FACS Canto II (USA). The analysis of the median fluorescence intensity (MFI) was carried out single exosomes isolated 
population as compared to isotype control. 

Samples of exosomes were kept in special cuvettes at a temperature of 193 K.12 The measurement of the absorption 
spectra were obtained using Time-domain THz spectrometer (EKSPLA, Estonia) with tuning range 0.3-3 THz. The 
measurements were carried out at a temperature of 255 K. For each sample 12 scans of absorption spectra were recorded. 

The component analysis of the exosome samples was carried out using the CCA. The CCA enables to identify and to 
estimate numerically associations between two sets of variables. The aim of CCA is to maximize measured by 
correlation connection between the low-dimensional projections of the two data sets, for example, between vectors of 
random quantities.13 

The mathematical problem here is to find the closest approximation of the experimental spectrum V of the 
exosomes’sample by means of linear combinations of individual molecular components U  (that can be contained in a 
sample) spectra set iX  

∑=
i

iiXU α . 

Here iα  are the unknown coefficients characterizing the percentage of the components iX in U .One can find maximum 
association between U and V vectors for the components set iX  (see Table 1) by applying CCA 

VU

VU
σσ

),cov(  
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Here cov is the covariance and σ is quality of standard deviation.The used set of individual molecular components 
characterized by absorption spectra iX was generated expertly and is presented in Table 1. The absorption spectra iX
were taken from THz database 2.0.  Note, that the set of substances in Table 1 is not complete. 

Table 1. List of substances that can be present in exosomes of saliva and blood plasma. 

2-Deoxy-D-glucose Glycine 
Acetylcholine Bromide Histidine 
Acetylcholine Chroride Inositol 
Acetylcholine Iodide L-Alanine 
Adenosin-5-Triphosphate(ATP) L-Asparagine monohydrate 5K 
Adenosine5Diphosphate(ADP) L-Methionine 5K 
Cysteine L-Serine 
D-Alanine Lauric Acid 
D-Mannitol Leucine 
Fructose Mannose 
Fructose 5K Mannose 5K 
Galactose Methionine 
Galactose 5K Pyridoxine Hydrochloride 
Glucose Riboflavin 
Glucose 5K Riboflavin 4K 
Glutamic Acid H2O+cuvette 

 

3 RESULTS 
Figure 1 shows the absorption spectra of saliva exosomes samples of the patient with colorectal cancer (female) and of 
the healthy volunteer (female) and also their approximation by the CCA. In the case of colorectal cancer (Figure 1 on the 
left) the correlation coefficient is 0.899 and in the case of a healthy volunteer (Figure 1 on the right) the correlation 
coefficient is 0.935. 

Table 2 shows the results of the component analysis of saliva exosomes samples (using the CCA) which correspond to 
the data presented in Figure 1. Concentrations are given in relative units. 

Figure 2 shows the absorption spectra of blood plasma exosomes samples of the patient with colorectal cancer (female) 
and of the healthy volunteer (woman), and also their  approximation by the CCA. In the case of colorectal cancer (Figure 
2 on the left) the correlation coefficient is 0.935 and in the case of the healthy volunteer (Figure 2 on the right) the 
correlation coefficient is 0.884. 

Table 3 shows the results of the component analysis of blood plasma exosomes samples (using the CCA) which 
correspond to the data presented in Figure 2. Concentrations are given in relative units. 

 
Figure 1. Absorption spectra corresponding to the saliva exosomes samples of the patient with colorectal cancer (female) on the left 

and of the healthy volunteer (female) on the right. 
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Table 2. Results of the component analysis of saliva exosomes samples by CCA. 

Substance Healthy volunteer (female) Colorectal cancer (female) 

H2O+cuvette 0.3492 0.3848 
2-Deoxy-D-glucose 0.1074 0 
Acetylcholine Chroride 0.1167 0 
Cysteine 0.0416 0 
Galactose 5K 0.0393 0 
Glucose 5K 0 0.0083 
Glycine 0.0278 0.0006 
L-Alanine 0.0656 0.0589 
L-Methionine 5K 0.2402 0.0331 
Mannose 5K 0.4709 0.1311 
Methionine 0.0261 0.0681 

 
Figure 2. Absorption spectra corresponding to the blood plasma exosomes samples of the patient with colorectal cancer (female) on 

the left and of the healthy volunteer (female) on the right. 

 
Table 3. Results of the component analysis of blood plasma exosomes samples by CCA 

Substance Healthy volunteer (female) Colorectal cancer (female) 

H2O+cuvette 0.5289 0.7678 
Acetylcholine Chroride 0 0.0860 
Cysteine 0 0.0164 
Galactose 5K 0.0126 0.0336 
Glucose 5K 0 0.1090 
Glycine 0.0300 0.0157 
Inositol 0.0393 0.0487 
L-Alanine 0.0591 0.0662 
L-Methionine 5K 0.0438 0 
Mannose 0.0217 0 
Mannose 5K 0.1545 0.1163 
Methionine 0.0442 0 
 

Almost all exosomes of both saliva and blood plasma were shown to contain the following substances: Glycine, L-
Alanine, Mannose. The content of Mannose in exosomes samples (of both saliva and blood plasma) corresponding to 
colorectal cancer was less than in samples with exosomes corresponding to healthy volunteers. Also Methionine is 
regularly detected in exosomes of saliva and Inositol is regularly detected in the case of blood plasma exosomes. 
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4 CONCLUSION 
In the study spectral analysis of paired exosomes samples of saliva and blood plasma of patients with locally advanced 
forms of colorectal cancer (n = 6) and healthy volunteers (n = 5) was performed. The component analysis of the samples 
was carried out using CCA method. 

A correlation coefficient between the experimental absorption spectra and their approximations was found to be no less 
than 0.87 by means of approximating of the absorption spectra of samples curves by CCA using the spectra of individual 
components which are presented in Tables 2 and 3. This value is high enough. To improve the result of approximation 
we need to complete the correspondence database with the spectra of substances that can be presented in the samples 
under study.14 
Thus exosomes can be used as potential non-invasive diagnostic biomarkers on various cancer stages.  
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