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Abstract. Introduction. Obesity is associated with chronic inflammation and colorectal cancer (CRC). In CRC liver metastases and 
adjacent liver tissue defects are formed in the mitochondrial electron transport chain that causes mitochondrial dysfunction, activation 
of redox-molecules (superoxide anion (SR), NO) generation sources and matrix metalloproteinases (MMP-2, MMP-9) activity. Radical 
oxygen species also take a part in the regulation of the xanthine/xanthine oxidase reaction. In human organs xanthine oxidase (XO) 
is involved in the pathogenesis of various liver diseases. The aim of the study. To determine the state of XO and SR in liver tissue and 
CRC liver metastases and set the clinical significance of obtained results. Materials and methods. The prospective study on 37 CRC 
patients who underwent the liver resection due metastatic disease has been performed. The rate of SR generation of neutrophils and 
in the tissue samples, the rate of XO and the activity of MMP-2, MMP-9 in the tissue samples were measured. Results. The highest 
level of XO in CRC patients was detected in metastatic tissue (1.47±0.18 a.u.). The level of XO enzyme in the adjacent tissue (AT) 
and distant tissue (DT) were 0.38±0.10 a.u. (p<0.05) and 0.19±0.008 a.u. (р<0.05) respectively. A correlation was found between 
the body mass index (BMI) and amount of XO in DT of the liver r2 = 0.64. The total activity of gelatinases in subgroup of CRC patients 
with BMI ≥25 was found to be significantly higher than in normal body weight patients withing the DT (1.52 times; p<0.001), 
as well as in the AT (1.28 times; p<0.001). High XO levels (HR (95% confidence interval — CI) = 0.002 (2.63 to 15.05) P = 0.002) 
and SR generation levels (HR (95% CI) = 0.01 (2.4 to 10.37) P = 0.01) in adjusted liver tissue to metastatic lesions had a negative 
impact on overall survival rates. Conclusions. XO and superoxide radicals can be a new metastatic disease prognostic factors for 
CRC patients, the latter requiring further randomized trials.
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INTRODUCTION.
Colon cancer — colorectal carcinoma, CRC is the second 

most common malignant neoplasm of the gastrointestinal tract that 
lead to more than 500 000 death every year due to the metastatic 
disease [1]. In our previous works, we established that in CRC 
patient liver metastases, liver tissue adjacent to metastasis and taken 
at a distance from metastasis defects are formed in the mitochondrial 
electron transport chain that causes mitochondrial dysfunction, 
activation of redox-molecules (SR, NO) generation sources and 
MMP-2, -9 activity [2].

XO is an enzyme that is a component of the innate immune 
system and belongs to the molybdenum hydrolase family. 
The enzyme found consists of two subunits, one molybdenum 
cofactor (molybdopterin), flavin adenine dinucleotide (FAD), 
and 8 iron atoms in the iron-sulfur clusters [2Fe-2S] (Fig. 1). 
XO in the human body exists in two mutually exchangeable forms and 
catalyzes the last two stages of purine catabolism, using molecular 
oxygen or NAD+ as electron acceptors. Besides uric acid, a product 
of XO activity is SR and nitric oxide (NO), which can produce 
biological effects such as inflammation, endothelial dysfunction, 
cytotoxicity, mutagenesis, and induction of proliferation. 
The activity of XO is modulated at the transcriptional and 
posttranslational levels, and its concentration and activity change 
significantly in cancer patients [3–5].

In human organs XO is involved in the pathogenesis of various 
liver diseases [6]. High levels of XO are found in the liver of rats 
with different injuries caused by ischemia, hypoxia, hypertension, 
and cholestasis [7]. Ethanol and γ-irradiation cause increased levels 
of XO in the liver, are responsible for the exacerbation of tissue 
damage, increased damage to the affected area, as well as damage 
to other sites of the body [8]. The main role of XO in the human 

body is catalyzing transformation from hypoxanthine to xanthine 
and uric acid by using O2 in the reactions that are associated 
with the generation of superoxide and reactive oxygen species, 
which is an important stage of inflammation through activation 
of the complement system or modulation of endothelial P-selectin 
expression on the cell membrane, which can play a crucial role 
in the initiation and progression of CRC [9]. Over the past three 
decades obesity became an extremely significant public health 
challenge. Currently more than 33% of the world’s population are 
overweight or obese [10]. Obesity and related diseases, namely, 
diabetes mellitus and metabolic syndrome, are associated with 
chronic inflammation and CRC [11]. Adipose tissue is a dynamic 
endocrine organ and secrets different proinflammatory cytokines, 
enzymes, and other factors that activate oxidative stress [12–14]. 
It is known that MMPs, in particular gelatinases (MMP-2 and -9), 
play a role in metastatic disease and belong to redox-dependent 
enzymes, which are regulated by SR and other ROS on levels 
like synthesis and activation. Due to the fact that ROS take a part 
in the regulation of MMPs, the xanthine/XO reaction is widely used 
as a source of exogenous radical oxygen species (ROS) in considering 
of MMPs.

The aim of the study. To determine the state of XO and SR in liver 
tissue and CRC liver metastases and set the clinical significance 
of obtained results.

 
Fig. 1. The schematic structure of ХО.
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MATERIALS AND METHODS
The prospective study has been performed on 37 CRC patients 

who were treated in the clinic of the National Cancer Institute (Kyiv, 
Ukraine). All the patients provided informed consent to participate 
in the research, which was conducted according to the Helsinki 
Declaration and Ethics Committee of R.E. Kavetsky IEPOR NAS 
of Ukraine.

Liver tissue sampling protocol. Metastatic and liver tissues sampling 
was performed intraoperatively (Fig. 2), about ~0.5 cm3 normal liver 
parenchyma was taken on the ≥5 cm distance (DT) form metastatic 
lesion (basically in the contralateral liver lobe). Rapidly after 
the end of the liver transection ~0.5 cm3 adjusted liver tissue (AT) 
to the metastatic lesion (withing 1 cm of the tumor tissue margin) 
and ~0.5 cm3 of the metastatic lesion tissue (MT) was taken. Distant 
liver tissue samples have been taken withing liver transection period 
or not far than 1 hour after it.

The average age of 37 CRC patients included in this study was 
60 y.o. and 59.5% of them were male. The majority of primary 
tumors has grown into the outermost layers of the colon 
or rectum (51.4%) or through it (40.5%). Furthermore, 64.8% 
of the studied patients have had tumor spread into the regional 
lymph nodes. Metastatic disease spreading is characterized 
in the Table. In 94.6% liver parenchyma transection was 
performed under the Intermittent Pringle maneuver with 
ischemia duration mean 18.5 min. Chemotherapy before liver 

surgery was performed in 89.2%. It was found that 37.8% 
of patients had BMI more than 24.9 kg/m2.

Treatment protocol. Patients received treatment according 
to approved international standards as well as clinical protocols 
for the study period from February 2020 to September 2021 [15].

Molecular analysis protocol. The rate of SR generation 
in mitochondria by NADPH oxidase of neutrophils and 
tissue samples was determined using a method of EPR and 
the technology of Spin Traps [16, 17]. The rate of XO in the tissues 
was determined by the EPR method, and the intensity of the EPR 
signal, with values of g=1.97, on the EPR spectra corresponds 
to the level of active XO. The state of the intracellular 
matrix of the liver was assessed by the activity of matrix 
metalloproteinases (MMP-2 and -9) and was determined 
by gelatine zymography in the polyacrylamide gel. The gelatinase 
activity was expressed in arbitrary units (arb.units) referred 
to the activity of 1 µg of enzyme per 1 g of the tissue in blood 
serum and in urine — 1 µg of enzyme per 1 g of the creatinine [18].

Statistical analysis. Descriptive data are presented with numbers 
means ± standard error of mean (SD) and percentages. To identify 
predictors of survival multivariable analyses was done using the Cox 
proportional hazards model. The data were statistically processed 
using the R statistical package and Prism 9.0. The difference was 
considered statistically significant at р<0.05.

RESULTS AND DISCUSSION
The level of XO enzyme in the AT and DT were 0.38±0.10 a.u. 

(p<0.05) and 0.19±0.008 a.u. (р<0,05) respectively. And 
the highest level of XO in CRC patients were detected 
in metastatic tissue (1.47±0.18 a.u.). Whereas in patients with BMI 
≥25 kg/m2 the XO level in the DT liver increased and was found 
at 0.27±0.12 a.u. (p<0.05). (Fig. 3, 4). A correlation was found 
between the BMI and amount of XO in DT of the liver r2 = 0.64. 
Furthermore, in the AT, the XO level was also statistically higher 
compared to the one in DT (Fig. 4).

Table. General characteristics of the patients
Indicator Value, n (%)

Age, mean (min.–max.), y.o. 60 (29—74)
Male sex 22 (59.5)
Dissemination status of the primary tumor AJCC 6th:
рТ1—pT3 22 (59.5)
pT4 15 (40.5)
Status of regional lymph nodes:
pN0 13 (35.2)
pN1—pN2 24 (64.8)
Primary tumor:
Right colon 5 (13.5)
Left colon 32 (86.5)
Bilobar metastases 11 (29.7)
Extrahepatic disease 2 (5.4)
Lung metastases 3 (8.1)
Number of the resected lesions, median (min.–max.) 6 (1–16)
Intermittent Pringle maneuver applying 35 (94.6)
Warm ischemia, median (min.–max.), (min.) 18.5 (0—75)
Chemotherapy before liver surgery 33 (89.2)
Chemotherapy courses, median (min.–max.) 3 (0—8)
BMI (kg/m2):
18.5 to 24.9 23 (62.2)
25 to 29.9 9 (24.3)
≥30 5 (13.5)
All patients 37 (100.0)

 
Fig. 2. MRI T2 weighted image imaging and schematic imaging 
of the live transection line and tissue sampling zone principles. 
MT — metastatic lesions (red color), AT — adjusted liver tissue 
(yellow color), DT — normal liver tissue (yellow color).

 
Fig. 3. EPR spectra of liver metastasis (1); liver tissue adjacent 
to metastasis (2); liver tissue taken at a distance of 5 cm from 
metastasis (3); liver tissue adjacent to metastasis from 
patients with BMI ≥25 kg/m2 (4). The intensity of the EPR signal 
g=1.94 corresponds to the level of XO.
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Accumulation of adipose tissue in the body leads to increased 
levels of XO in the liver, which may contribute to the activation 
of lipolysis and increase the level of free fatty acids. And increasing 
levels of XO leads levels-up the intracellular concentration of uric 
acid, which reacts with ROS and NO and can promote oxidation 
and proinflammation processes [14].

The rate  of  SR generat ion in  MT was  es t imated 
a t  1 . 2 1 ± 0 . 0 9  n M / g  t i s s u e • m i n .  A n d  t h e  A T  a n d 
the DT tissue samples showed 1.59±0.03 nM/g tissue•min 
and 0.86±0.06 nM/g tissue•min respectively. In the subgroup 
of patients with BMI ≥25 the SR rate generation was 
1.63•0.02 nM/g tissue•min and 0.8•0.007 nM/g tissue•min 
in AT and DT samples respectively. And strong positive 
correlation (r = 0.55) between SR speed generation and XO levels 
in AT was found (Fig. 5).

The matrix metalloproteinases (MMPs) are responsible for 
tissue remodeling and degradation of the extracellular matrix (PM) 
proteins both in normal physiological changes in the body and many 
pathological processes [19–21]. Determined that activity of the total 
MMP-2 and MMP-9 activity of in the normal and overweight 
AT samples, exceeded that in the DT samples (by 1.5 and 1.8 times, 
respectively; p<0.001). The strong positive correlation was registered 
between the levels XO measured in DT and MMP levels in AT and 
DT samples r = 0.93 and BMI r = 0.64 (Fig. 6).

The results obtained are confirmed by the works of other authors, 
whose data demonstrate the dependence between the activity 
of the studied enzymes, caused, presumably, by the regulatory 
properties of XO over MMP. Nowadays there are available data about 
the regulation of MMPs by XO, part of it was obtained in studies 
of cardiovascular disease, in the progression of which MMPs play 
an important role — change the elasticity of the vessel wall, modulate 

various cellular and signaling pathways in atherosclerosis, which 
are responsible for the formation and removal of atherosclerotic 
plaques and thrombus [22].

Progression of the tumor to malignancy with visceral obesity 
is promoted by oxidative stress, an altered adipokines balance, 
which leads to increased production of insulin and sex hormones 
which promotes proliferation of cells. Chronic inflammation 
corresponds to angiogenesis and is the consequence of both 
increased production of cytokines by dysfunctional adipose tissue, 
and proinflammatory ROS action, which is formed as a result 
of XO activity.

The increased XO activity in patients with CRC indicates 
the role of this parameter as a marker of disease evolution, 
that it can influence the progression of the disease. A strong 
correlative relationship between XO and superoxide generating 
activity of neutrophils indicates a mutual influence on the 
progression of the tumor (r2 = 0.51). The results of Cox regression 
in this study revealed that the high XO levels (HR (95% CI) = 
0.002 (2.63 to 15.05) P = 0.002) and SR generation levels (HR 
(95% CI) = 0.01 (2.4 to 10.37) P = 0.01) in adjusted liver tissue 
to metastatic lesions had a negative impact on overall OS.

High levels of XO and SR in the tumor may be due to increased 
substrate formation for XO (hypoxanthine→xanthine→uric acid), 
which increases during the tumor growth. We can already assume 
that XO levels in these tissues can be used as a biomarker of the 
CRC metastatic disease progression and further research are needed.

CONCLUSIONS
The highest level of XO was found in metastatic tissue samples. 

The XO and superoxide radicals high levels in adjusted liver tissue 
to metastatic lesions had correlations with poor overall survival rates. 
Obesity correlates with increased generation of superoxide radicals 
and XO activity, which promotes metastasis. XО and superoxide 
radicals can be a new metastatic disease prognostic factors for CRC 
patients, the latter requiring further randomized trials.
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Fig. 4. Levels of XO in tissue samples: MT — metastatic cells; 
AT — hepatocytes from liver tissue adjacent to metastasis; 
DT — hepatocytes from liver tissue taken at a distance 
of 5 cm from metastasis; DT, BMI >25 — hepatocytes from liver 
tissue taken at a distance of 5 cm from metastasis from patients 
with BMI ≥25 kg/m2; ns — not significant. *p<0.001; **p<0.05.

 
Fig. 5. Rate of SR generation in tissue samples: MT — metastasis; 
AT — liver tissue adjacent to the metastasis; DT — liver tissue taken 
at a distance of 5 cm from the metastasis, BMI ≥25 — patients with 
obesity; ns — not significant. *p<0.001; **p<0.05.

 
Fig. 6. Correlation matrix (heat-map).
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Вступ. Ожиріння пов’язане з хронічним запаленням і ко-
лоректальним раком (КРР). При КРР утворюються метастази 
в печінці та вади прилеглої тканини печінки в мітохондрі-
альному ланцюгу транспортування електронів, що зумовлює 
мітохондріальну дисфункцію, активацію джерел генерації 
редокс-молекул (супероксид-аніон (SR), NO) і матриксних 
металопротеїназ (MMP-2, MMP-9). Радикальні форми кисню 
також беруть участь у регуляції ксантин/ксантиноксидазної 
реакції. В органах людини ксантиноксидаза (КСО) бере участь 
у патогенезі різних захворювань печінки. Мета дослідження. 
Визначити стан КСО та SR у тканині печінки та метастази 
КРР у печінку та встановити клінічну значущість отриманих 
результатів. Матеріали та методи. Проведено проспективне 
дослідження із залученням 37 хворих на КРР, які перенесли ре-
зекцію печінки через метастатичне захворювання. Вимірювали 
швидкість генерації SR нейтрофілів і в зразках тканин, швид-
кість КСО та активність ММР-2, ММР-9 у зразках тканин. 
Результати. Найвищий рівень КСО у хворих на КРР виявлено 
в метастатичній тканині (1,47±0,18 а.о.). Рівень ферменту КСО 
в прилеглій тканині (ПТ) і віддаленій тканині (ВТ) становив 
0,38±0,10 а.о. (р<0,05) та 0,19±0,008 а.о. (р<0,05) відповідно. 
Зафіксовано кореляцію між індексом маси тіла (ІМТ) та кіль-
кістю КСО у ВТ печінки r2 = 0,64. Виявлено сумарну активність 
желатиназ у підгрупі хворих на КРР з ІМТ ≥25 вірогідно вищу, 
ніж у пацієнтів з нормальною масою тіла при ВТ (у 1,52 раза; 
р<0,001), а також у АТ (у 1,28 раза; р<0,001). Високі рівні XO 
(HR (95% довірчий інтервал — ДІ) = 0,002 (2,63 до 15,05) P = 
0,002) і рівні генерації SR (HR (95% ДІ) = 0,01 (2,4 до 10,37) 
P = 0,01) у тканині печінки, адаптованої до метастатичних 
уражень, чинили вплив на загальну виживаність. Висновки. 
Ксантиноксидаза та супероксидні радикали можуть бути 
новими прогностичними факторами метастатичного захворю-
вання для пацієнтів з колоректальним раком, які потребують 
подальших рандомізованих досліджень.

Ключові слова: колоректальний рак; метастази в печінці; 
ксантиноксидаза; супероксидні радикали.
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