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NITRIC OXIDE — A BIOMARKER OF THE PROGRESS AND METASTASIS
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Endogenous nitric oxide plays a pivotal role in cancer development. The purpose of the study was to investigate the role
of the biomarker of nitric oxide metabolites in the progression and metastasis of renal cell carcinoma to the brain. To test our
hypothesis, this case-control study consisted of the indicators of nitric oxide metabolites in the inactive parenchyma resected during
operations for urolithiasis (the comparison group, n=13); 103 patients with renal cell carcinoma. To analyze the metabolites of
nitric oxide, we used a technique that allows us to determine the content of nitrite and nitrate ions in the same sample. The content
of stable metabolites of nitric oxide was expressed in pg/mg protein in tissues. Levels of nitric oxide metabolites were significantly
higher (1.5-fold higher) in tumor tissue than in peri-tumor tissue. Nitric oxide exhibits a pro- or antitumorigenic effect depending
on the level of NO and the stage of the tumor process. The level of nitric oxide in tumor tissue was an independent predictor of
renal cell carcinoma progression and its metastasis to the brain. The content of nitric oxide in peri-tumor tissue has a high prognostic
efficacy in renal cell carcinoma metastasis and as a protective factor that prevents tumor progression.
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OKCHJ A30TY — BIOMAPKEP IIPOTPECYBAHHSA TA METACTA3YBAHHS
HHUPKOBO-KJITUHHOI'O PAKY B TOJIOBHUI MO30OK

EHnoreHHuii OKCHJ a30Ty Bifirpa€ KIIOYOBY POJb y PO3BHUTKY paky. Meror nociifkeHHs OyJo IOCIIANTH pOib
Giomapkepa MeTaboJITIB OKCHIY a30Ty B MpPOrpecyBaHHI Ta METAaCTa3yBaHHI HUPKOBO-KIITHHHOI KapLMHOMH B MO30K. [list
MePEeBiPKH HAIIOI TIMMOTE3H 1€ AOCITIHKCHHS THITy «BUIAJOK-KOHTPOIIBY CKIAAAN0Cs 3 MOKa3HUKIB METa0OMITIB OKCHIY a30Ty B
IHTaKTHIN MapeHXiMi, pe3eOBaHii Mg yac omepauiil 3 NpUBOAY cedokaM’ stHOI XxBopoOu (Tpymna mopiBHsHHS, n=13); 103 xBopux
Ha HUPKOBO-KITITHHHMH pak. [y aHaiizy MeTaboiTiB OKCHITY a30TY BUKOPHUCTOBYBAJI METOAUKY, SIKa JO3BOJISIE BU3HAUUTHU BMICT
HITPHT- Ta HITPAT-10HIB B OJJHOMY 3pa3Ky. BMicT cTa0inpHIX MeTaboMiTIB OKCHIY a30Ty BHPaKaJld B MKI/MI' OlIka B TKaHHHAX.
PiBHiI MeTabomniTiB OKcuay a3oTy Oyyu 3Ha4HO BUIMMH (y 1,5 pasu BuIle) y MyXJIMHHIA TKaHWHI, HDX Y HaBKOJIOIYXJIMHHII
TkaHuHi. OKCUA a30Ty BUSBHB IPO- a00 NPOTHIYXJIMHHY Jifo 3ayiexHo Bif piBHA NO Ta crtazii myximHHOTrO mpouecy. PiBeHb
OKCHJy a30Ty B INYyXJMHHIH TKaHUHI OyB HE3aJISKHUM IPEIUKTOPOM HPOTrPecyBaHHS HHMPKOBO-KIITHHHOIO paKy Ta HOro
MeTacTa3yBaHHs B MO30K. BMICT OKCHIy a30Ty B HaBKOJIOIYXJMHHIH TKaHMHI Mae BUCOKY IPOTHOCTHYHY €()EKTHBHICTb NPH
MeTacTa3yBaHHI HUPKOBO-KIITHHHOTO paKy Ta K MPOTEKTOPHUH (HaKTop, 110 3armodirac mporpecyBaHHIO My XJIHMHH.

Knio4oBi c10Ba: HUPKOBO-KIIITHHHUI pak, METacTa3u B MO30K, OKCHJ[ a30Ty.

The study is a fragment of the research project “Development and implementation of innovative technologies for the
diagnosis of oncogynecological and oncourological diseases based on liquid biopsy data of extracellular DNA and stem cells”,
state registration No. 0123U101248.

Endogenous nitric oxide (NO) is a multifunctional inflammatory molecule and promotes
inflammation under physiological condition. It is synthesized by 3 isoforms of NO synthase (NOS) [5]. The
neuronal NOS and endothelial NOS constitutively catalyze the formation of NO, while the inducible NOS
(iNOSY) is being induced by inflammatory cytokines and produces larger, toxic amounts of NO [4]. All three
forms of NOS are expressed by the kidney [8]. In contrast to conventional signaling molecules that act by
binding to specific receptor molecules, NO exerts its biological actions via a wide range of chemical reactions
[9]. The NO concentration and minor differences in the composition of the intracellular and extracellular
environment determine the exact reactions attained. Under normal physiological conditions, cells produce
small but significant amounts of NO, contributing to the regulation of anti-inflammatory effects and its
antioxidant properties. However, in tissues with a high NO output, iNOS is activated, and nitration (addition
of NOy), nitrosation (addition of NO") and oxidation will be dominant [9]. NO plays a pivotal role in cancer
development [6, 11, 12]. It has been detected that NOS expression is increased in various types of cancer,
such as breast, cervical, brain, laryngeal, and head and neck cancer. NO exhibits a pro- or antitumorigenic
effect. NO appears to enhance tumor growth and cell proliferation at measurable concentrations in different
clinical samples from different cancer types [9]. On the one hand, excessive NO is toxic and can prevent
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tumor growth by increasing the apoptosis rate of cells [1]. While on the other hand, NO is a mediator of
signaling pathways, which promote cancer progression and metastasis. In summary, NO plays an important
role in the complex interrelationships of ROS, inflammation, and cancer development and growth [4]. NO
plays a significant role in the processes of angiogenesis and metastasis in cancer. NO, which acts as a
vasodilator, aiding in the development of new blood vessels in tumors, crucial for providing nutrients and
oxygen necessary for tumor growth [6, 8]. Brain metastases (BMs) are the most frequent cause of malignant
tumor of the central nervous system (CNS), four times higher than primary tumors; about 2040 % of
patients with cancer will develop BM in their clinical course. Brain metastases (BrM) are a common
complication, with a global prevalence of 7.3 % on initiation of systemic therapy for metastatic renal cell
carcinoma (mRCC) and are associated with dismal overall survival [13].

The purpose of the study was to investigate the role of the biomarker of nitric oxide metabolites
in the progression and metastasis of renal cell carcinoma to the brain.

Materials and methods. The studies were carried out on the basis of city and regional hospitals
of the Luhansk region between 2015 and 2018. In accordance with the provisions of the Declaration of
Helsinki by the World Medical Association of the last revision (1964-2013) informed consent for the use
of biological material was obtained in all patients prior to inclusion in the study. Research permission was
obtained from the Bioethics Committee of the Lugansk State Medical University (Rubizhne, Ukraine,
number 25/2015). The patients’ epidemiological data, laboratory examination, complications, clinical
outcomes, CT imaging data, and treatment plans were extracted from medical records. The primary
endpoint of this study was the advent of metastasis of renal cell carcinoma (RCC) to the brain.

To test our hypothesis, this case-control study consisted of the indicators of nitric oxide metabolites
in the inactive parenchyma resected during operations for urolithiasis (the comparison group, n=13); 103
patients with kidney tumors. The clinical diagnosis in all patients was confirmed by morphological
examination of the tumor according to the classification of kidney tumors of the World Health Organization
(WHO/ISUP) [2]. According to the TNM classification, patients with malignant kidney tumors had stages
of the tumor process: TiNoMg — 20 (19 %); T2NoMg — 58 (56 %); ToNiMi— 3 (3 %); TsNoMo — 17 (17 %);
T3sNiMg — 1 (1 %); TsNoM; — 2 (2 %); TaNoMo — 2 (2 %). The examined patients had metastases in the
brain. We combined them into group T.NoM; +T3NoM;.

Determination of nitric oxide metabolites in tissues.

To analyze the metabolites of nitric oxide, we used a technique that allows us to determine the
content of nitrite and nitrate ions in the same sample [1]. For the determination of nitrites, diazotization
was used taking into account the Gris reaction. Nitrates were reduced to nitrites, followed by diazotization.
Thus, the total value of NO* and NO™ in the sample (NOyx) was obtained. Nitrates and nitrites were
determined spectrophotometrically at A = 540 nm. The content of stable metabolites of nitric oxide was
expressed in pg/mg protein in tissues.

Data Processing. Statistical and graphical analyses were done using STATISTICA 7.0 (StatSoft
Inc. USA, version 7.0) and MedCalc Version 20.218 64-bit (MedCalc Software, Ostend, Belgium).
Parametric data were summarized as mean (standard error) (MeantSEM). Kolmogorov—Smirnov test
was applied to examine the normality of data distribution. To examine group-wise differences, unpaired
Student’s t-test was used. Nonparametric results are expressed as median (Me) and standart deviation
(SD). The difference between study groups was tested by a nonparametric Mann—Whitney U test was
used. Receiver operating characteristics (ROC) curve analysis was performed to estimate optimal cut-
off values, maximizing sensitivity and specificity according to the Youden index. The appearance of
metastases analysis was performed using the Kaplan—Meier method; univariate and multivariate analyses
were undertaken using log rank test and Cox’s regression model, respectively. A p-value below 0.05 was
considered statistically significant. The Cox proportional hazards regression model [10] was used to
assess the effect of tissues NO levels on the metastasis of renal cell carcinoma to the brain in survival
analysis.

Results of the study and their discussion. Descriptive statistics and results of comparison of
patient groups according to the studied parameters included in the analysis of predictors of tumor
progression and metastasis of renal cell carcinoma to the brain are presented in Table 1.

Levels of nitric oxide metabolites were significantly higher (1.5-fold higher) in tumor tissue than
in peri-tumor tissue: ToNoMo— NO3™: 32.04+0.57 ug/per mg protein and 19.09+0.43 ug/per mg protein,
p=0.0000001, respectively; NO, : 2.65+0.09 pug/per mg protein, 1.5+£0.05 pg/per mg protein, p=0.0000001,
respectively; NOyx : 34.69+0.58 pg/per mg protein, 20.59+0.43 pg/per mg protein, p=0.0000001,
respectively; TsNoMo — NOs™ : 15.66+£0.96 pg/per mg protein and 11.91+£0.62 pg/per mg protein,
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p=0,002438, respectively; NO, : 1.27+£0.05 pg/per mg protein, 1.08+0.009 pg/per mg protein,
p=0.0000001, respectively; NOx : 16.94+0.96 pg/per mg protein, 12.99+0.62 pg/per mg protein,
p=0.0000001, respectively; ToNoM; +TsNoM; — NO;3™ : 41.48+1.29 pg/per mg protein and 27,69+2.37
ug/per mg protein, p=0,000919, respectively; NO, : 3.9+0.1ug/per mg protein, 3.53+0.06 pg/per mg
protein, p=0.0000001, respectively; NOy : 45.37+1.27 ug/per mg protein, 31.21+2.37ug/per mg protein,
p=0.000768, respectively.

Table 1
Levels of nitric oxide metabolites in tissues in renal cell carcinoma patients
Clinical groups NO; (png/per mg protein) NO, (ng/per mg protein) NO (ng/per mg protein)
group M + SEM T-test Students Me+SD, Mann-Whitney U Test M + SEM T-test Students
Intact parenchyma 25.06+0.9 1.97+0.07 27.04+0.9
(control), n=13
Renal cell peritumor peritumor normal peritumor
. tumor . tumor . tumor .
carcinoma normal tissue tissue normal tissue
T>NoM,, n=58 32.04+0.57 19.09+0.43 2.65+0.09 1.5+0.05 34.69+0.58 20.59+0.43
p level _ p'=0.0000001 1: p'=0.0000001 l: p'=0.0000001
p'=0.000001 p*=0.0000001 p'=0.0000001 1 s 6000001 p'=0.0000001 | ) 5000001
TsNoMo,n=17 15.66+0.96 11.91+0.62 1.27+0.05 1.08+0.009 16.94+0.96 12.990.62
T— 1— 1=
p level $1=0.0000001 p'=0.0000001 »—0.0000001 | P/=0:0000001 »1—0.0000001 | P.=0-0000001
2=0.0000001 P = 00000001 2=0.0000001 | P, 0:0000001 220.0000001 | P, 0-0000001
p=0 p*=0.002438 P p*=0.0000001 p=0 p*=0.001550
TRoM TENoM g1 48120 27.69+2.37 3.9:0.1 3.53+0.06 45374127 31214237
p level p'=0.0000001 p'=0.215670 I: p'=0.0002 1: p'=0.051229
p?=0.000014 p?=10.0000001 pz:8'888§301 p?=0.0000001 P :060888885 , | p?=0.000002
p*=0.0000001 p*=0.0000001 p3=o'oooos p*=0.000076 p3:0 0000001 | P'=0:000076
p*=0.000919 P *=0.0000001 P p*=0.000768

Notes: NO, — data are Me + SD Intergroup by the Mann—Whitney U test NO3, NOx — data are Means + SEM for Gaussian
variables Intergroup by the T-test Students p’ — significant differences between control group and test groups p’ — significant differences
between patients with T2NoMo, and other test groups p’ — significant differences between patients with T3NoMo, and T2NoM1 +T3NoM test
groups p’— significant differences between patients with tumor, and peri-tumor normal tissue test groups

The level of all nitric oxide metabolites in tumor tissue is higher in the ToN¢My group compared to
normal parenchyma tissue. For example, NOx : 34.69+0.58 pg/per mg protein and 27.04+0.9 ug/per mg
protein, p=0.0000001, respectively. As the tumor progresses, the level of nitric oxide metabolites in the
tumor decreases more than 2-fold: NOy: T3NoMo— 16.944+0.96 pg/per mg protein and ToNoMo— 34.69+0.58
pg/per mg protein. With metastasis of renal cell carcinoma to the brain, the level of nitric oxide metabolites
in the primary tumor increases sharply (45.37£1.27 pg/per mg protein): 1.5-fold compared to the T2NoMy
group (34.69+0.58 ug/per mg protein) and 2.5-fold compared to the TsNoMy group (16.94+0.96 pg/per mg
protein).

Analysis of the ROC curve in patients with renal cell carcinoma is shown in Fig. 1.

Since NOx is a summary indicator of NO,  and NOs’, ROC analysis was performed based on this
index. According to the receiver operating characteristic curve, the area under ROC curve (AUC) values
of NOy to predict tumor stage progression and its metastasis was greatest in all groups patients with renal
cell carcinoma: ToNoMy — tumor tissue — 0.941, optimal cut-off values of NO, —>29.89 pg/per mg protein;
p<0.0001; T2NoMy — peri-tumor tissue AUC=0.919, optimal cut-off values of NOx — < 24.74 ug/per mg
protein; p< 0.0001; TsNoMy — tumor tissue AUC=1.000, optimal cut-off values of NOyx — < 23.79 ug/per
mg protein; p< 0.0001; T3NoMy — peri-tumor tissue AUC=0.081, optimal cut-off values of NOx — < 16.13
pg/per mg protein; p< 0.0001; ToNoMo —T2NoM+T3NoM; — tumor tissue AUC=0.966, optimal cut-off
values of NOx — > 41.54 ug/per mg protein; p< 0.0001; ToNoMo —T2NoM;+T3NoM— peri-tumor tissue
AUC=0.976, optimal cut-off values of NOx — >24.74 ug/per mg protein; p< 0.0001. The best cutoff value
of NOy for predicting the metastasis of renal cell carcinoma to the brain was >22.57, with a sensitivity of
100.0 % and a specificity of 100.0 % and AUC=1.000 in group T3NoMo —T2NoM+T3NoM; — tumor tissue
and in group T3NoMo —T2NoM;+T3NoM; — peri-tumor tissue AUC=0.981, optimal cut-off values of NOx —
>15.77 pg/per mg protein; p< 0.0001.

The Kaplan—Meier survival curves (Fig.2), after classifying the patients on the basis of Youden
cut-offs obtained by ROC curves, showed a decrease in the time of RCC progression to stage T3NoMy
within 5-year survival, the Mean of which was 4.19+0.1 years (95 % CI for the mean 3.99 to 4.39),
while in the observation group it was 4.9+0.1 years (95 % CI for the mean 4.7 to 5.07). The hazard
ratio (HR) was (HR = 0.13; 95 % CI 0.06 to 0.28, p = 0.0001). Thus, the optimal cut-off values of
NOx — < 23.79 pg/per mg protein in tissue reduces the risk of RCC progression to stage T3:NoMy by
87 % (100 x (1 — HR) %).
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Note: Here and in the following figures: p<0.001 — calculated by univariate logistic regression analysis.

In peritumor tissues T3:NoMy the time of RCC progression to stage T3:NoMg within 5-year survival
also decreased: the Mean was 3.6+0.25 years (95 % CI for the mean 3.06 to 4.06). The hazard ratio (HR)
was (HR =0.017; 95 % CI 0.005 to 0.05, p = 0.0001). The optimal cut-off values of NO, —> 16.13 pug/per
mg protein in tissue reduces the risk of RCC progression to stage T3:NoMo by 98 %. The time of RCC
metastasis in the brain for NOy measured in patients with renal cell carcinoma in group T:NoMy —
T2NoM+T3NoM; — tumor tissue Mean =3.940.4 years (95 % CI for the mean 3.1 to 4.7). The hazard ratio
(HR) was (HR = 0.005; 95 % CI 0.0006 to 0.037, p =0.0001). The optimal cut-off values of NOx — < 41.54
pg/per mg protein in tissue reduce the risk of RCC progression to stage T:NoMo by 99 %. In group T2NoMy
—T2NoM;+T3NoM; — peri-tumor tissue the time of RCC metastasis in the brain Mean =4.0+0.4 years (95 %
CI for the mean 3.2 to 4.8). The hazard ratio (HR) was (HR = 0.006; 95 % CI 0.0007 to 0.04, p =0.0001).
The optimal cut-off values of NOx — < 24.74 pg/per mg protein in tissue reduce the risk of RCC progression
to stage T3sNoMoby 99 %. The time of RCC metastasis in the brain for NOx measured in patients with renal
cell carcinoma significantly decreased in group T3NoMo —T2NoM;+T3NoM; — tumor tissue Mean =2.6+0.2
years (95 % CI for the mean 2.1 to 3.08). The hazard ratio (HR) was (HR = 0.0024; 95 % CI 0.00022 to
0.026, p = 0.0001). The optimal cut-off values of NOx — < 23.79 ng/per mg protein in tissue reduce the
risk of RCC progression to stage TsNoMo by 99.8 %. In group T3sNoMo —ToNoM;+T3NoM; — peri-tumor
tissue the time of RCC metastasis in the brain Mean =3.0+0.23 years (95 % CI for the mean 2.56 to 3.45).
The hazard ratio (HR) was (HR = 0.0013; 95 % CI 0.00034 to 0.0049, p = 0.0001). The optimal cut-off
values of NOx — < 15.77 png/per mg protein in tissue reduces the risk of RCC progression to stage T3:NoMy
by 99.9 %.
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Fig. 2. Kaplan—Meier curves of the time of RCC stage progression and its metastasis for NOx measured in patients with renal cell
carcinoma: A — T2NoMo —T3NoMo — tumor tissue; B — T2NoMo —T3NoMo — peri-tumor tissue; C — T2NoMo —T2NoMi1+T3NoM; — tumor
tissue; D — TaNoMo —T2NoMi+T3NoMi — peri-tumor tissue; E — T3NoMo —T2aNoMi+T3NoMi — tumor tissue; F — TsNoMo —
T2NoMi+T3NoM: — peri-tumor tissue with different cut-off values of the of indexes investigated. p value by Long-rank test. Note: Here
and in the following figures: p<0.0001 — calculated by univariate logistic regression analysis.

Next, we performed a Cox proportional hazards regression analyses of predictors for progression
RCC stage and its metastasis. In univariate analysis, NOx was significantly associated with an increased
risk of time progression of RCC stage and its metastasis in all observation groups (Table 2).
Table 2
Unadjusted and adjusted hazard ratios (HR) for respective univariate Cox proportional hazard models for
progression and metastasis of renal cell carcinoma to the brain

_ Harrell's Exp(b) 95 % CI
Covariate C-index b SE Wald P (Hazard Ratio) of Exp(b)
T2NoMp — tumor tissue 0.792 028 | 0.045 38.66 <0.0001 1.32 1.21-1.44
T2NoMo — peri-tumor tissue 0.482 -0.10 | 0.034 8.53 =0.0035 0.904 0.85-0.97
T3NoMo — tumor tissue 0.729 -0.38 | 0.086 19.35 <0.0001 0.69 0.58-0.81
T3NoMo — peri-tumor tissue 0.762 039 | 0.071 31.13 <0.0001 0.67 0.58-0.77
T2NoMo—ToNoMi+ 0.966 0.45 0.14 10.33 =0.0013 1.58 1.19-2.08
TsNoM — tumor tissue
ToNoMo—ToNMi+TsNoMi = 015 1 994 | 0057 | 1728 | <0.0001 127 1.13-1.42
perl-tumor tissue
TsNoMo—ToNoMi#TsNoMi =1 65 0.45 0.24 3.55 =0.0595 1.56 0.98-2.49
tumor tissue
TsNoMo—ToNoMiF#TsNoMi = 5 639 1 17 | 0056 | 8.66 =0.0033 1.18 1.06-1.32
peri-tumor tissue

In Cox regression (as in logistic regression), the null hypothesis (the predictor has no relationship
with the dependent variable, i.e. its regression coefficient is not significantly different from zero) is tested
using the Wald criterion. If the regression coefficient is significantly different from zero, then the
independent variable makes a significant contribution to the predictive ability of the model, which is what
our results show. Coefficient Exp(B), which shows how many times the risk of an outcome occurring
changes if the value of the predictor changes by one. If the value of Exp(B) or the risk ratio is greater than
one, then the positive value of this factor will be a factor associated with the risk of developing the outcome,
if less than one, then it will be associated with an increase in survival time (that is, it will act as a protective
factor with respect to the outcome). The Cox model shows that NOy is a significant predictor of ToNoMy
tumor staging in tumor tissue (p<0.0001), with Exp(b) (Hazard Ratio) =1.32; Harrell's C-index =0.729, as
values close to 1, which indicate high performance of the Cox-model. In the T3NoMy — tumor tissue group,
NOx, as follows from the Cox model, acts as a protective factor that prevents tumor progression, since
Exp(b) (Hazard Ratio) < 1 and is equal to 0.69; Harrell's C-index =0.792, as values close to 1, which
indicate high performance of the Cox-model. The most adequate Cox-model (p=0.0013) (Harrell's C-index
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=0.966) showed nitric oxide as a predictor of RCC brain metastasis in group ToNoMo—T2NoM;+T3NoM; —
tumor tissue (Exp(b) (Hazard Ratio) > 1 and is equal to 1.58). In the surrounding tissues in the ToNoMo—
T2NoM;+T3NoM; — peri-tumor tissue group, nitric oxide also acted as a predictor of RCC brain metastasis
(Exp(b) (Hazard Ratio) > 1 and is equal to 1.27; Harrell's C-index =0.815; p<<0.0001).

NO derived from cancer cells may promote cancer cell invasion, proliferation, and angiogenesis
[4]. Our data showed that at stage T-NoMo RCC, there is hyperproduction of nitric oxide in tissues (cut-off
values >29.89 pg/per mg protein) and, as follows from the Kaplan—-Meier method and Cox analysis,
indicates a predictive role of nitric oxide in the development of RCC and stage progression. The increase
in NO level, which determines the dynamics of neoplastic development, may be related to the
intensification of its synthesis [3, 6].

At stage ToNoMy of RCC, the role of nitric oxide in tumor progression changes: the low
concentrations of NOy (cut-off values of NOx — < 23.79 ug/per mg protein in tissue) reduces the risk of RCC
progression on stage T3sNoMy and as follows from the Cox model, acts as a protective factor that prevents
tumor progression. The function of NO in carcinogenesis is multifaceted, as it can both promote and inhibit
tumor progression depending on various conditions. In renal carcinoma cells, it has been shown that increased
iNOS expression is characterized by antitumor properties, namely inhibition of their proliferation [3, 4].

But already at stage T.NoM; with metastasis to the brain, the content of nitric oxide in the tissues
of the primary tumor in the kidneys increases sharply (cut-off values of NOx — > 41.54 ug/per mg protein),
which, according to the COX analysis, indicates a predictive role of nitric oxide in metastasis. The
predictive role of nitric oxide in metastasis is preserved at stage T:NoMy of RCC, but at a lower level of
nitric oxide production in the primary tumor (>23.79 ug/per mg protein).

Many authors have shown differences in the activity and expression of nitric oxide synthase
between neoplastic tissue and normal body tissue [7, 9, 11, 12]. In our study, we also conducted a
comparative analysis of nitric oxide content in renal cell carcinoma tumor tissue and peri-tumor tissue. The
content of nitric oxide in the peri-tumor tissue of renal cell carcinoma was 1.5-2.5 times lower than in the
tumor tissue in all observation groups. The dynamics of changes in the content of nitric oxide in the peri-
tumor tissue were the same as in the tumor tissue in all observation groups. As follows from the Cox model,
the low concentrations of NOy in peri-tissue reduce the risk of RCC progression at stage T-NoM, and
T3NoMy and act as a protective factor that prevents tumor progression. In metastasis, the diagnostic value
of nitric oxide content in the peri-tumor tissue was also established. Moreover, nitric oxide in the peri-
tumor tissue in metastasis manifests as a predictor of the process, as follows from the Cox model.

Z2.. e 7/

1. Nitric oxide exhibits a pro- or antitumorigenic effect depending on the level of NO and the stage
of the tumor process.

2. The level of nitric oxide in tumor tissue was an independent predictor of RCC progression and
its metastasis to the brain.

3. The content of nitric oxide in peri-tumor tissue has a high prognostic efficacy in RCC metastasis
and as a protective factor that prevents tumor progression.
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ROUTINE BIOCHEMICAL DIAGNOSIS AND PROGNOSIS OF COVID-19 SEVERITY
IN THE CONDITIONS OF THE REGIONAL HOSPITAL

e-mail: kialdmu@ukr.net

The purpose of the study was to evaluate routine laboratory indicators of biochemical blood analysis as markers of
potential risk and factors of infection with COVID-19 and the severity of respiratory failure in both women and men. This single-
center retrospective study was conducted with the participation of 57 COVID-19-positive individuals hospitalized at the Rivne
Regional War Veterans Hospital in October-November 2021. Blood urea levels were higher in respiratory failure group 1 than in
respiratory failure group 2 in both women and men. The dynamics of creatinine levels in women and men with COVID-19 in all
groups were the same. as well as blood urea levels. The level of total protein in women with COVID-19 decreased with the
progression of respiratory failure to stage II, while in men, on the contrary, it increased. Female COVID-19 patients with grade 1
respiratory failure have higher total protein than male grade I respiratory failure, and female patients with grade 2 respiratory
failure have lower total protein levels in women than in men. The dynamics of the level of albumin in women and men with
COVID-19 in all groups was the same as the level of total protein. Based on ROC analysis, Kaplan-Meier method; univariate
analysis using the log-rank test and the Cox regression model found that blood urea and creatinine levels are biomarkers of the
development of respiratory failure (I or II) within 30 days after hospitalization in patients with COVID-19, both women and men.

Key words: COVID-19, biochemical indicators, ROC analysis.

1.O. KomapeBuena, K.B. bana6anosa, M.O. OBuapenko, C.A. Ycaros, B.M. KomapeBues,
L.B. ®poaosa, L.1. 3enbonuii

PYTUHHA BIOXIMIYHA JIAI'HOCTHUKA TA ITPOI'HO3 BA’KKOCTI COVID-19
B YMOBAX OBJIACHOI JIIKAPHI

Meroto nocnijpkeHHsT OyJIO OIIHWUTH PYTHHHI J1aGOpaTOpHI NMOKa3HUKM OIOXIMIYHOTO aHaNi3y KpOBi SIK MapKepiB
MOTEHLIHHOTO pU3UKY Ta pakTopiB iHpikyBaHHS COVID-19 Ta TSHKKOCTI IMXaNnbHOI HEAOCTATHOCTI SIK Y JKIiHOK, TaK 1y YOJIOBIKIB.
Ile oHOIIEHTPOBE PETPOCTICKTUBHE JOCHIHKEHHS TpoBoaAMmIocs 3a yuacTio 57 COVID-19-no3utuBHUX 0OCi0, roCmiTani3oBaHUX
10 PiBHEHCHKOTO 00J1aCHOTO TOCHITANIO BeTepaHiB BilfHN y xOBTHI-IHcTOonaai 2021 poxy. PiBHI ce4oBHHU KpoBi OyJIM BUIUMH B
Tpymi OUXadbHOI HEJOCTATHOCTI 1, HDK y TpyHi OUXalbHOI HEAOCTATHOCTI 2, SIK Y JKiHOK, Tak 1 y 4osoBikiB. /ImHamika piBHS
KpeaTHHIHy y kiHOK i yosoBikiB i3 COVID-19 y Bcix rpynax Gyiia Takoro , sIK i piBeHb CEUOBHHHU KpoBi. PiBeHb 3aranpHOro Oika
y xkiHok i3 COVID-19 3HmxyBaBcs 3 HApOCTaHHSIM AUXaIbHOI HepocTaTHO T 10 11 cranii, a y 4omnoBikiB, HaBmaky, 3poctas. PiBeHb
3aranbpHOTO Oinka y xBopux Ha COVID-19 5xiHOK 3 IUXaTbHOIO HEAOCTATHICTIO | CTyIeHs BUIIHMM, HIX Y YOJOBIKIB 3 AUXATBHOIO
HEJIOCTATHICTIO | cTyneHs, a y namieHTiB 3 ANXaIBLHOIO HEJOCTATHICTIO 2 CTYIICHS PIBEHb 3arallbHOTO OLIKa y KIHOK HIDKYHH, HIX
y 40II0BiKiB. /InHaMika piBHS anb0yMiHy y >kiHOK i gonosikiB 3 COVID-19 B ycix rpymax Oyia Takor X, SIK i piBeHb 3arajbHOT0
Oinka. Ha migcraBi ROC-anamizy, metona Kammana-Meiiepa; 0qHO(GAKTOpPHOTO aHami3y 3 BHKOPHUCTAHHSIM JIOTApU(PMIYHOTO
PaHroBOro TeCTy Ta perpeciitnoi Mmozeni Kokca BcTaHOBIIEHO, 110 PiBHI CEYOBHHHU KPOBI Ta KpeaTHHIHY € OioMapKepaMu PO3BUTKY
nuxanbHoi HepoctatHocTi (I ado IT) mpoTsrom 30 quiB micns rocmitanizanii y xsopux Ha COVID-19, sk ’iHOK, Tak i 9OJOBIKIB.

Kuarwuogi cioBa: COVID-19, 6ioximiuni mokasauku, ROC-anairis.

The study is a fragment of the research project “Development of new highly economical methods of biomarker
diagnostics and prediction of the course and complications of COVID-19 and community-acquired pneumonia in military
personnel and civilians”, state registration No. 0123U10124, “Development and implementation of innovative technologies for
the diagnosis of oncogynecological and oncourological diseases based on liquid biopsy data of extracellular DNA and stem cells”,
state registration No. 0123U101248.

The scientific community is in urgent need for reliable biomarkers related to coronavirus disease
2019 (COVID-19) disease progression, in order to stratify high-risk patients. The rapid disease spread
necessitates the immediate categorization of patients into risk groups following diagnosis, to ensure optimal
resource allocation [11]. Timely detection of COVID-19 patients at high risk of death and supportive care
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