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STUDY OF THE IR SPECTRA OF THE SALIVA OF CANCER PATIENTS
L.V. Bel'skaya,a* E. A. Sarf,? and L. A. Gundyrevb UDC 543.422;612.313.1;612.313.6;616006.6

Feasibility has been demonstrated in principle for the diagnosis of lung and breast cancer by subjecting saliva to
Fourier transform IR spectroscopy. Statistically significant differences in the saliva of lung cancer patients are seen
at 1070-1240 cm™, while significant differences are seen throughout the entire range for breast cancer patients. The
17398/1454 and 1>40/1310 ratios were determined and found to be statistically reliable for detecting cancer pathology.
Correlations were found for the intensities of the absorption bands in these IR spectra with nonspecific biochemical
saliva parameters, which generally characterize greater intoxication as well as suppression of the systems for
antioxidant protection and the immune response. A promising research trend involves the use of the IR spectroscopy
of saliva for monitoring treatment and cancer recurrence.
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Introduction. The identification of specific biomarkers for cancer detection along with the development of reliable
and simple methods are important for improving the early diagnosis of cancer and its treatment [1]. A promising method in
this area involves the use of Fourier transform IR spectroscopy [2—4]. This method has been described for the detection and
monitoring of the treatment of breast cancer [5, 6]. Differences have been shown in the absorption spectra of blood serum
from lung cancer patients and healthy individuals [7, 8]. There have been reports in the literature on the diagnosis of cancer
of the stomach [9], intestines [10, 11], liver [12], prostate [13, 14], thyroid [15], testicles [16], bladder [17], and other organs
[18-20].

Attention is now being focused on saliva as an informative biomaterial for the noninvasive diagnosis and monitoring
of the human organism [21, 22]. However, the use of the IR spectroscopy of saliva for cancer diagnosis has not been described
in the literature. In the present work, we established the feasibility of using Fourier transform IR spectroscopy of the saliva
for the diagnosis of cancer, namely, lung and breast cancer, which are the most common types of cancer for men and women,
respectively.

Materials and Methods. Two groups were studied: the major group composed of lung cancer (men) and breast
cancer patients (women) and a healthy control group. The major group contained 40 lung cancer patients (16 with squamous
cell carcinoma, 16 with adenocarcinoma, and 8 with neuroendocrine tumors) and 50 female breast cancer patients. The control
group contained individuals, for whom medical examination did not reveal either lung or breast cancer pathology (55 men
and 58 women). The groups were selected in parallel. The criteria for selection were: patient age 30—75 years, no surgical,
chemotherapeutic, or radiation treatment at the time of investigation, no sign of active infection including suppuration, oral
cavity prophylaxis. The absence of histological verification of the diagnosis was a criterion for exclusion from the study.
This research was approved by the Ethics Committee of the Public Health Budget Institution of the Omsk Oblast concerning
clinical oncological examination, July 21, 2016, Protocol No. 15.

Saliva (1 mL) was collected from all the participants prior to treatment. The saliva samples were collected in the
morning from fasting patients and placed into sterile test tubes, which were centrifuged at 7000 rpm. Then, 50-mL samples
were dried on a zinc selenide plate at constant 37°C. The IR absorption spectra were taken on a Simex FT801 Fourier
transform IR spectrometer at 500—4000 cm™.

The statistical analysis of the data was carried out using the StatSoft Statistica 10.0 program by a nonparametric
method using the Wilkinson criterion in dependent groups and the Mann—Whitney U-criterion for independent groups.
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Fig. 1. Averaged IR spectra of saliva: 1) control group, 2) lung cancer, and 3) breast
cancer.

Description of the sample selection was carried out by calculating the median (Me) and interquartile range for 25 (LQ) and
75% (UQ). The differences were considered statistically significant for p < 0.05.

Results and Discussion. For each group in this study, we calculated the averaged saliva IR spectrum (Fig. 1). The
corresponding spectral features for proteins, phospholipids, and nucleic acids can be identified in the saliva IR spectra [23].
Qualitative differences between the spectra in the groups studied were not found but band shifts were discovered (Table 1).
The same type of protein group band shifts was found for the patients with lung and breast cancer. Thus, the amide I band in
the normal group was found near 1655 cm! but was shifted in cancer patients to 1640 cm™ !, which may be related to a change
in the secondary protein structures. Concurrently, the amide II band in the normal group had a maximum at 1547 cm”!, while
it was shifted to 1549 cm™! for both major cancer patient groups. The amide III band found in the normal patient group at
1300 cm ™! is shifted to 1310 cm ™! in the case of lung cancer and 1315 cm ! in the case of breast cancer. Shifts were also
found for the bands corresponding to lipids and fatty acids (Table 1). In particular, the carbonyl group band is shifted from
1740 to 1735 cmﬁl, while the band at 1393 cm ™ is shifted to 1406 cm ™" for the cancer patients. The band as 1240 cm™! for the
phosphodiester group is shifted to 1242 cm™! for the breast cancer patients and 1244 cm”! for the lung cancer patients, while
the band at 1075 cm™! for the normal individuals is shifted to 1076-1078 cm ™! for both cancer pathologies. In the case of the
band in the vicinity of 1240 cm”!, the shift may indicate a greater fraction of hydrogen bonding in the normal individuals,
while in the case of the band in the vicinity of 1075 cm”!, the shift may indicate an interaction between the nucleic acids and
water. Since both these bands are attributed mainly to the contribution of nucleic acids, these shifts may characterize a change
in the nucleic acid structure upon carcinogenesis.

In the next step, we compared the band intensities in the IR spectra of saliva of lung cancer patients, breast cancer
patients, and normal individuals (control) (Tables 2 and 3). The lung cancer patient group includes only males. Thus, the
control group is also divided into two subgroups relative to gender for a correct evaluation of the results obtained. Statistically
reliable differences for the IR spectra of the saliva of the lung cancer patients are seen in bands in the range 10701240 cm L
The bands in this range can be assigned to nucleic acids [24].

Saliva is known to contain extracellular DNA, while genomic analysis shows that 70% of the saliva DNA originates
from blood plasma, while 30% comes from the oral microbiota [25]. The content of free (extracellular) nucleic acids in human
blood plasma and, hence, in saliva, is elevated in some pathological processes such as cancer, inflammation, and trauma [26].
Thus, DNA fragments originating from tumor cells, "tumor" mRNA, and microRNA are detected in the blood of cancer
patients [27, 28]. The presence of circulating DNA in the blood of both healthy individuals and cancer patients is attributed
to cell decomposition (apoptosis and necrosis) and cellular secretion [29]. Cell decomposition leads to the liberation of the
cell contents, fragmentation of molecules, and the phagocytosis of these molecules. Tumor cells circulating in the blood
stream may also contribute to the pool of extracellular molecules [30]. Normal cells have been shown to undergo, as a rule,
an ordered apoptosis process with the formation and entry into the blood stream of discrete fragments of predominantly
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TABLE 1. Major Absorption Bands (v, cm_l) in the IR Spectra of Saliva in the Groups Studied

Control Lung cancer Breast cancer Type of vibration
3283-3285 3282 3282 vNH
3065 3070 3070 R-NHj (v,sNH, vyNH) R-NH (VNH)
2961-2963 2963 2959 vasCH3
2934 2934-2936 2934 vasCHy
2875 2876 2876 vsCHj3
2850 2855 2855 vsCH,
2059 2060 2060 VvSCN™~
1740 1735 1736 vC=0
1655 1640 1640 vCO
1547 1549 1549 ONH, vCN
1452 1460 1460 o6CH,
1393 1406 1406 O0CHj;
1300 1310 1315 ONH, vCN
1240 1244 1242 v,sPO
1160-1165 1160 1155 vCO, vCC
1121 1120 1120 v¢PO, vCC, vCO
1075 1076-1078 1078 VvCN, vPO;
955-960 960 970 vCC, vCO, vCH,OH
925-935 929-931 929-933 vCC, vCO, vCH,OH
860 860 860 vPO (P,07), SOCN, NH
613-615 613-615 613 8CO

mononucleosome dimensions (~150 base pairs), while necrosis is more characteristic for tumor cells. The DNA formed in
this case is heterogeneous and composed of 200—400 base pairs [28]. Depending on the stage of the disease and, thus, the size
of the tumor, the fraction of "tumor" DNA varies in a broad range from 3 to 93% of the total mass of circulating DNA [31].

The differences in the spectra are much greater for the breast cancer patients (Table 3). The vibrations of the
phosphodiester groups, nucleic acids, and phospholipids found between 1300 and 800 cm™! are useful biomarkers for
cancer detection [32]. The band at 970 cm™!, which describes protein phosphorylation processes as well as the content of
cellular DNA, can be used to characterize cellular activity, for example, in cancer progression [33]. Vibrations of methyl
and methylene groups of proteins and lipids as well as of the carboxyl groups of fatty acids and amino acids can be detected
at 1500-1300 cm ™! [34]. The bands at 1700-1580 cm! may characterize DNA and RNA as well as providing information
on changes in the conformational structure of proteins [35, 36]. The bands at 1740—1710 cm ! are mainly ascribed to the
absorption of phospholipids but the band at 1714 cm”! may be assigned to the absorption of nucleic acids, which may be used
a prognosis marker, especially for leukemia [37]. The range from 3050 to 2800 cm!, which contains vibrational bands for
the methyl and methylene groups of saturated and unsaturated alkyl chains, may prove useful for evaluating the permeability
of cell membranes as well as processes involving oxidative modification of proteins [38].

We should note that in the entire spectral range, the band intensity in the case of both breast and lung cancer is lower
than for the control group (Tables 2 and 3). An exception is found for the range 2800-3050 cmﬁl, which may be related to
more pronounced peroxy oxidation of cell membrane lipids and an increase in the endogenous intoxication in the case of
cancer pathology.

These results are supported by the use of multidimensional statistical methods, in particular, discriminant analysis
(Fig. 2). The diagram for the scatter of canonical values shows that the points corresponding to the control group samples
are located to the left of the vertical 0—0 axis, while the points corresponding to the breast and lung cancer patients are on
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TABLE 2. Absorption Band Intensities in the Spectra of Healthy Males and Lung Cancer Patients

Vv, cm”! Control (M), n =55 Lung cancer, n =40 p
613-615 35.3[29.0; 41.0] 35.6 [31.6;41.7] 0.5273
860 11.5[6.4; 18.3] 11.4[6.1; 19.0] 0.8042
925-935 14.9[9.3; 22.5] 16.7 [8.0; 21.9] 0.9638
960-970 18.3[14.3; 26.1] 16.5[10.0; 23.5] 0.0972
1070-1080 57.2 [44.8; 65.6] 44.2 [35.5; 54.7] 0.0007"
1120-1130 46.4 [37.2; 53.4] 37.429.6; 49.4] 0.0060"
1155-1165 34.7[28.4;41.9] 28.7[22.8; 38.1] 0.0152"
1240 26.6 [20.8; 32.6] 21.6[16.4; 30.4] 0.0447"
1310 26.4 [21.4; 32.7] 24.1[19.1; 34.2] 0.2564
1400 52.9 [45.3; 67.5] 58.4 [47.6; 69.3] 0.8150
1460 36.2 [29.4;47.2] 33.0 [25.4; 43.8] 0.1153
1550 70.5 [56.7; 79.9] 62.7 [55.0; 76.1] 0.1678
1640 93.9[78.2;97.2] 83.5[63.5;98.9] 0.2653
1735 17.5[10.3; 22.3] 13.2[9.8;19.4] 0.1834
2060 23.6 [13.4; 36.9] 19.4 [12.8; 28.6] 0.2337
2850 44.2 [34.8; 52.9] 47.1[37.0; 58.4] 0.5365
2875 47.9[36.7; 55.5] 50.7 [38.7; 62.9] 0.4784
2930 58.5[45.2; 66.9] 61.9 [49.0; 73.0] 0.5365
2950 59.3 [46.9; 68.0] 62.1[50.3; 74.5] 0.5319
3070 65.7[49.7; 75.5] 66.4 [54.4; 78.8] 0.8751
3266 82.1[64.9; 87.8] 72.6 [43.3; 88.1] 0.1185
3280 83.4[65.8; 89.1] 72.9 [43.8; 89.1] 0.0958

“The differences are statistically significant, p < 0.05.

the right. A sharp delineation relative to the horizontal axis was not noted, which apparently is due to changes in the human
organism common for these groups in the case of cancer pathology.

Additional diagnostic significance may be found not only in the absorption intensities at specific wavelengths but
also in the ratio of the intensities of individual bands. Thus, the intensity ratio of bands 2955/2921 cm_l, which shows the
ratio of branched and unbranched lipid and fatty acid molecules (CH3/CH,), may hold significant information. In the case of
cancer pathology, this ratio is lower than in the norm [12], which indicates a less branched chain and/or longer chains of the
lipids and fatty acids in comparison with the norm. The ratio of the intensities of the bands 1744/1082 em”! may represent
the lipids/nucleic acids and fatty acids/nucleic acids ratios. The greater ratio in the case of cancer indicates that the content of
lipids and fatty acids is elevated in comparison with nucleic acids. The intensity ratio of bands 1640/1535 cm’! may be used
to reflect changes in the secondary protein structure and processes involved in the breakdown of hypomethylation [36]. Wang
et al. [7] compared cancerous and noncancerous lung tissue using Fourier transform IR spectroscopy and discovered four
intensity ratios /1640/1550, /1460/1400> 11240/1310, and Z19g0/1160 useful for identifying malignant and healthy tissues.

We have shown a consistent change in the band intensity ratios for both groups in going from healthy volunteers
to cancer patients (Tables 4 and 5). Thus, the /;39g/1454 ratio reliably increases in this case. This is a ratio of the intensity of
the bands for the methylene groups of amino acid sidechains (1398 cm_l) and the sidechains of amino acids in proteins and
lipids (1454 cm_l). The 114601400 ratio is a value inverse to the /139g/1454 ratio and thus, decreases consistently in going from
the control group to the major cancer patient group. The 7;74¢/131¢ ratio decreases consistently. The decrease in the intensity of
the phospholipid band (1240 cmﬁl) is more pronounced than for amide III (1310 cmﬁl). The decrease in the /;¢4¢/1535 ratio,
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TABLE 3. Absorption Band Intensities in the Spectra of Healthy Women and Breast Cancer Patients

v, em”! Control (F), n =58 Breast cancer, n = 50 P
613-615 35.9[31.8;42.8] 33.1[29.8; 36.8] 0.0316"
860 9.8 [5.6; 19.1] 5.413.2; 11.5] 0.0083"
925-935 14.6 [7.6; 20.1] 10.0 [4.7; 16.2] 0.0430"
960-970 17.9 [12.1; 23.8] 9.3[6.8;17.5] 0.0001"
1070-1080 52.3[42.9; 63.9] 31.7[22.7;,42.9] 0.0000"
1120-1130 41.9 [33.6; 48.8] 28.1[19.0; 37.3] 0.0000"
1155-1165 32.425.3; 38.4] 20.7 [14.0; 29.6] 0.0000"
1240 23.4[18.6; 28.3] 14.9[9.8; 22.6] 0.0000"
1310 21.8[18.2;27.9] 17.9[11.4;25.8] 0.0050"
1400 44.6 [36.8; 56.4] 44.8 [28.9; 60.7] 0.4957
1460 31.2[25.9; 37.5] 24.2[15.7; 31.2] 0.0013"
1550 60.6 [48.2; 68.3] 50.7 [37.5; 70.6] 0.1956
1640 86.6 [61.2; 96.8] 62.7 [43.4; 84.3] 0.0008"
1735 13.8[9.5; 18.9] 9.6 [7.6;13.3] 0.0009"
2060 23.6 [12.8; 32.8] 16.1[11.5;25.2] 0.0410"
2850 38.0 [28.6; 47.9] 40.8 [30.7; 54.9] 0.2009
2875 39.6 [29.9; 50.4] 41.9[31.3; 58.1] 0.2492
2930 49.2 [38.6; 60.6] 52.9[36.5; 69.3] 0.3823
2950 49.9 [38.8; 62.3] 52.8[36.3; 70.4] 0.4704
3070 55.2[41.9; 68.7] 54.1[38.4; 72.0] 0.8060
3266 73.9 [50.9; 85.9] 53.6 [42.3; 72.0] 0.0047"
3280 75.3 [52.1; 87.3] 54.3[42.8; 72.9] 0.0035"

which characterizes the intensities of the amide I and amide II bands, is also statistically reliable for the breast cancer patients
(Table 5).

We then compared the ratios at different stages of the disease (Tables 6 and 7). For both pathologies, it is difficult to
establish unequivocal change in the parameters studied. Thus, the band intensity ratio 2955/2921 cm™! decreases steadily in
breast cancer patients in going from local involvement to metastasis, reaching a minimum for metastatic disease, while the
minimum value of this ratio for lung cancer patients is found in the T{Ny_3M, stage.

On the whole, we note that the greatest difference in the ratios from the control group in the case of breast cancer
is observed in the initial stages of the disease (Fig. 3a), while the greatest differences in the case of lung cancer are found in
advanced stages (Fig. 3b). Statistically significant differences between the disease stages were found only for breast cancer.
The lack of unequivocal dynamics of these ratios in the lung cancer group may be related to the heterogeneity of the group,
which combines patients with several histological types of this disease. However, the small size of the sample does not permit
a proper statistical comparison of the various histological types and stages. Such a correlation would require further research.

The patterns found for the change in the ratios may be attributed to the corresponding changes in the biochemical
saliva content for the pathologies studied. Thus, the lung cancer patient group showed a correlation of the /39g/1454 ratio
with the lipoperoxidase indices (conjugated dienes, » = —0.3856) and endogenous intoxication (» = —0.3608). Similarly, a
significant correlation interrelationship was found for the ratio /14071310 With lipoperoxidase indices (conjugated trienes,
r=0.4176), endogenous intoxication (» = 0.3563), and also with catalase activity (»=0.3416) and the sialic acid concentration
(r=0.4176). In previous work [40], we showed that the content of the primary lipoperoxidation products (diene conjugates)
is lower in the saliva of lung cancer patients, while the level of secondary products increases. The insufficient level of
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Fig. 2. Diagram for the scatter of canonical values for the groups studied.

TABLE 4. Intensity Ratios in the Spectra of Healthy Males and Lung Cancer Patients

Intensity ratio Control (M), n =155 Lung cancer, n = 40 p +A, %
159552921 1.016 [1.008; 1.026] 1.017 [1.002; 1.026] 0.6175 +0.1
11744/1082 0.314[0.213; 0.390] | 0.321[0.254; 0.455] 0.2806 +2.2
11640/1535 1.276 [1.168; 1.423] 1.247[1.138; 1.340] 0.4280 2.3
11398/1454 1.541[1.339; 1.726] 1.743 [1.458; 1.946] 0.0060" +13.1
11460/1400 0.649 [0.579; 0.747] | 0.574 [0.514; 0.686] 0.0060" -11.6
11240/1310 1.004 [0.936; 1.044] | 0.887[0.832; 0.954] 0.0000" -11.7
11080/1160 1.554 [1.365; 1.833] 1.514 [1.409; 1.669] 0.5692 2.6

TABLE 5. Intensity Ratios in the Absorption Spectra of Healthy Women and Breast Cancer Patients

Intensity ratio Control (F), n =58 Breast cancer, n = 50 p +A, %
19552921 1.013 [0.999; 1.020] 1.006 [0.990; 1.022] 0.2451 -0.7
11744/1082 0.272[0.202; 0.427] | 0.309 [0.230; 0.452] 0.1468 +13.6
11640/1535 1.351[1.227; 1.521] 1.184[1.124; 1.317] 0.0001" -12.4
11398/1454 1.417 [1.252; 1.740] 1.786 [1.591; 1.991] 0.0000" +26.0
11460/1400 0.706 [0.575; 0.799] | 0.560 [0.502; 0.629] 0.0000" -20.7
11240/1310 1.013[0.968; 1.061] | 0.887 [0.825; 0.955] 0.0000" -12.4
11080/1160 1.614 [1.457; 1.834] 1.584 [1.430; 1.730] 0.2751 -1.9

primary lipoperoxidation products may be a consequence of the resistance of tumor tissue to the peroxide stress initiators and
modified functioning of the enzyme systems regulating the peroxy oxidation of lipids. The level of secondary products in the
case of lung cancer is elevated, perhaps as a response to the more toxic metabolites released from the cells. The activity of
the catalase, which is the first line of defense against free radical oxidation, is considerably lower in the case of lung cancer.
This finding is also in accord with decrease in the /1401310 ratio, which correlates with this activity. A decrease is found in
the sialic acid concentration in the case of lung cancer, which is more pronounced in advances stages of the disease and upon
spread of the cancer [41].
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TABLE 6. Intensity Ratios in the Spectra of Saliva of Patients with Various Stages of Breast Cancer

Intensity ratio TiNg_oMy, n=16 ToNg_ oMy, n=10 T3.4Ng oMy, n =14 T1-4NgoM;, n=10
10552921 1.008 [0.997; 1.023] | 1.002[0.990; 1.027] | 1.000 [0.978; 1.020] | 0.972[0.971; 1.018]
[ 0.282 [0.231; 0.354] 0.366 [0.228; 0.450] 0.533 [0.392; 0.689] 0.267 [0.185; 0.437]

- - »=0.0472 -

1.158 [1.093; 1.272] 1.257 [1.139; 1.353] 1.193 [1.121; 1.248] 1.317 [1.253; 1.373]

N640/1535

- - - p=0.0390
. 1.915 [1.703; 2.040] | 1.800[1.697;2.087] | 1.644[1.515;1.824] | 1.573 [1.343; 1.727]

- - »=0.0082 »=0.0166
e 0.522 [0.490; 0.589] | 0.556 [0.479;0.589] | 0.610[0.549;0.660] | 0.636 [0.579;0.745]

- - »=0.0081 »=0.0162
. 0.848 [0.770; 0.902] | 0.875[0.831;0.981] | 0.883 [0.827;0.910] | 0.980 [0.974; 0.987]

- - - »=0.0030
11080/1160 1,552 [1.472; 1.767] | 1.609[1.386;1.675] | 1.630[1.417;1.752] | 1.473 [1.288; 1.573]

Note: p) is a statistically significant difference in comparison with the control.

TABLE 7. Intensity Ratios in the Spectra of Saliva of Patients with Various Stages of Lung Cancer

Intensity ratio T{No3Mp, n=38 ToNg 3Mp, n=12 T3 4No_3sMg, n=10 T14NosM,n=10
159552921 1.008 [1.001; 1.019] 1.025[1.004; 1.029] 1.021 [1.005; 1.027] 1.015[0.995; 1.023]
11744/1082 0.39510.303; 0.556] | 0.262[0.198;0.354] | 0.319[0.250; 0.436] | 0.467[0.293; 0.509]
11640/1535 1.128 [0.974; 1.160] 1.318[1.273; 1.524] 1.275[1.215; 1.464] 1.190[1.012; 1.273]
113981454 1.474 [1.219; 2.033] 1.629 [1.369; 1.810] 1.904 [1.705; 1.993] 1.775 [1.640; 1.933]
11460/1400 0.689[0.509; 0.823] | 0.618 [0.553;0.730] | 0.525[0.502; 0.587] | 0.565[0.517;0.610]
11240/1310 0.94310.771; 0.975] | 0.943 [0.865;0.987] | 0.832[0.827;0.910] | 0.872[0.845;0.917]
11080/1160 1.405 [1.304; 1.602] 1.521 [1.410; 1.731] 1.588 [1.472; 1.797] 1.520 [1.253; 1.553]

Note: p) statistically significant difference in comparison with the control.

Correlations were found for the breast cancer group for the /jg40/1535 and I1249/1310 ratios with the conjugated
diene content (» = 0.3261 and 0.3364) and parameters of endogenous intoxication (» = 0.5448 and 0.6487). We should
also note the significant correlation between the ;54,1310 ratio and the saliva arginase activity, which is in accord with the
finding of a statistically significant elevation of the activity of this enzyme for the breast cancer group. A correlation was
found of xanthine oxidase activity and the /;¢40/1535 ratio. The increased activity of xanthine oxidase indicates enhanced
generation of active forms of oxygen and its increased superoxideforming and carcinogenic activity. This effect is more
pronounced for the breast cancer patients. A negative correlation was found for the 7;39g/1454 ratio with the total antioxidant
activity of saliva (»r =—0.3084) as well as the total immunoglobulin content (» =—0.3161), which indicates suppression of the
antioxidant protection system in the case of cancer pathology. The /1¢40/1535 ratio demonstrates a negative correlation with the
Interleukin2 (IL2) (» =—-0.5794) and IL4 (r =—0.3994). The I;740/1310 ratio has a negative correlation with IL2 (» =-0.3148)
and IL18 (» =-0.3052), while the /;393/1454 ratio has a negative correlation with IL6 (» =—0.4286). IL2 produces an immune
response and activates factors participating in antiviral, antibacterial, and antitumor protection. IL4 corresponds to a humoral
immune response, has local antitumor activity, suppresses the production of inflammation cytokines, and regulates a variety
of biological processes such as proliferation, differentiation, and apoptosis in different types of cells. The contents of both
IL2 and IL4 are elevated for the breast cancer patients, which is in accord with the decreased /;¢40/1535 and Z240/1310 ratios
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Fig. 3. Relative change in the band intensity ratios for breast (a) and lung cancer patients (b).

(Table 5). IL6 plays a key role in the development of inflammation and an immune response to infection or tissue damage.
There is a statistically significant elevation of IL6 in the advanced stages of disease, which may correlate with the decrease
in the /139g/1454 ratio in going from stage T Ny_,M, to stage T|_4No_»M; (Table 6).

Thus, correlations are found for the band intensities in the IR spectra and their combinations with unspecific
biochemical saliva parameters, which, in general, characterize greater intoxication as well as suppression of the antioxidant
protection and the body's immune response. This finding limits the usefulness of these ratios for clinical laboratory diagnosis.
The inclusion of only two types of cancer and the small patient sample also hinder drawing conclusions from this study. In the
future, we plan to develop a classifying system based on these data using various methods such as linear discriminant analysis,
naive Bayes classifier, support vector method (SVM), gradient boosting method (GBM), random forest, and the method of &
nearest neighbors as well as evaluate the indices of diagnostic sensitivity and the specificity of the ratios discovered by the
cross validation method. In our view, the evaluation of the feasibility of using the IR spectroscopy of saliva holds promise for
monitoring the treatment of cancer and as a control for recurrence.

Conclusions. Feasibility in principle has been shown for the diagnosis of lung and breast cancer using Fourier
transform IR spectroscopy. Statistically significant differences for the IR spectra of the saliva of lung cancer patients
are observed at 1070-1240 cm™', while such differences are observed for breast cancer patients in the entire spectral
range studied. Change in the /1398/1454 and I1240/1310 ratios is statistically significant for cancer pathology. The greatest
difference in these ratios in the case of breast cancer is noted in the early stages of disease, while the greatest difference in
the case of lung cancer is observed in advanced stages. These findings may hold promise for the diagnosis of breast cancer
in its early stages.
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