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 Resume 

Purinergic receptors, especially P2X7 and P2Y12, play pivotal roles in tumor progression, immune 

evasion, and metastasis. Their antagonists represent a novel class of therapeutic agents with the 

potential to inhibit tumor growth, modulate the tumor microenvironment (TME), and restore anti-

tumor immunity. However, despite promising preclinical results, their clinical translation is limited 

by pharmacological and toxicological challenges. This review summarizes current knowledge on 

P2X7 and P2Y12 receptor antagonists, their therapeutic potential, limitations, and perspectives for 

future cancer immunotherapy. 

Keywords: P2X7 receptor, P2Y12 receptor, purinergic signaling, antagonists, tumor 

microenvironment, immunotherapy. 
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 Резюме 

Пуринергические рецепторы, особенно P2X7 и P2Y12, играют ключевую роль в прогрессии 

опухолей, уклонении от иммунного надзора и метастазировании. Их антагонисты 

представляют собой новый класс терапевтических средств, обладающих потенциалом 

ингибировать рост опухоли, модулировать опухолевое микроокружение (TME) и 

восстанавливать противоопухолевый иммунитет. Однако, несмотря на многообещающие 

доклинические результаты, их клиническое применение ограничено фармакологическими и 

токсикологическими проблемами. В данном обзоре обобщены современные данные об 

антагонистах рецепторов P2X7 и P2Y12, их терапевтическом потенциале, ограничениях и 

перспективах для будущей противораковой иммунотерапии. 

Ключевые слова: рецептор P2X7, рецептор P2Y12, пуринергическая сигнализация, 

антагонисты, опухолевое микроокружение, иммунотерапия. 
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 Rezyume 

Purinergik retseptorlar, ayniqsa P2X7 va P2Y12, o‘sma rivojlanishi, immun nazoratdan qochish va 

metastazlanishda muhim rol o‘ynaydi. Ularning antagonistlari o‘sma o‘sishini to‘xtatish, o‘sma mikro-

muhitini (TME) modulyatsiya qilish va immun tizimni tiklash imkoniyatiga ega bo‘lgan yangi terapevtik 

vositalar sinfiga kiradi. Shunga qaramay, istiqbolli preklinik natijalarga qaramasdan, ularning klinik 

qo‘llanishi farmakologik va toksikologik cheklovlar bilan chegaralangan. Ushbu sharh P2X7 va P2Y12 

retseptor antagonistlari haqida mavjud bilimlarni, ularning terapevtik potensialini, cheklovlarini va 

kelajakdagi onkoimmunoterapiya uchun istiqbollarini umumlashtiradi. 

Kalit so‘zlar: P2X7 retseptor, P2Y12 retseptor, purinergik signalizatsiya, antagonistlar, o‘sma mikro-

muhiti, immunoterapiya. 

 

Introduction 

   urinergic   signaling,   mediated   by   extracellular   nucleotides   and   nucleosides,   regulates   a  wide  

   spectrum of physiological and pathological processes, including immune responses, inflammation, and 

cancer progression. Among purinergic receptors, P2X7 and P2Y12 have emerged as key modulators of tumor 

biology. Their antagonists are under intensive investigation as potential anti-cancer agents. 

P2X7 Receptor Antagonists 

Role of P2X7 in Cancer 

The P2X7 receptor, an ATP-gated ion channel, promotes tumor cell proliferation, epithelial–

mesenchymal transition (EMT), and invasiveness (Pegoraro et al., 2021). In the TME, P2X7 activation 

enhances NLRP3 inflammasome activity, leading to IL-1β, IL-18, and VEGF release, thereby supporting 

angiogenesis and metastasis. 

Antagonists and Preclinical Evidence 

A-740003 and A-438079: Selective antagonists that reduced tumor volume by 50–70% in glioblastoma, 

breast, and colorectal cancer xenografts (Di Virgilio & Giuliani, 2020). 

JNJ-47965567: Developed by Janssen Pharmaceuticals; reduces IL-1β production in immune cells, 

decreases inflammation, and enhances immune activity in the TME (De Marchi et al., 2019). 

Brilliant Blue G (BBG): A dye with P2X7 antagonistic activity, showing neuroprotective and anti-

inflammatory effects in preclinical models. 

Mechanisms of Action 

 Inhibition of NLRP3 inflammasome activation. 

 Reduction of pro-inflammatory cytokines (IL-1β, IL-18). 

 Decreased VEGF secretion, limiting angiogenesis. 

 Suppression of metastatic potential. 

P2Y12 Receptor Antagonists 

Role of P2Y12 in Cancer 

P2Y12 receptor is predominantly expressed on platelets. Its activation promotes platelet–tumor cell 

aggregation, which shields tumor cells from immune surveillance and facilitates metastasis (Gachet, 2016). 

Antagonists and Preclinical Evidence 

 Clopidogrel, Ticagrelor: Widely used in cardiovascular diseases, but also reduce metastasis in 

preclinical cancer models (Schlesinger, 2022). 

 In breast cancer models, Clopidogrel reduced lung metastases by 40% and enhanced NK cell activity 

(Labelle et al., 2014). 

P
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Mechanisms of Action 

 Disruption of platelet–tumor cell interactions. 

 Enhancement of immune-mediated tumor clearance. 

 Reduction of metastatic dissemination. 

Limitations of Synthetic Antagonists 

A2A/A2B Receptor Antagonists 
While not the main focus, A2A/A2B antagonists also show promise in cancer immunotherapy. However, 

they exert systemic effects due to their physiological roles: 

 Cardiac effects: arrhythmia, hypertension, tachycardia. 

 Renal effects: reduced glomerular filtration. 

 CNS effects: excitability, insomnia, anxiety. 

 Immune effects: excessive activation due to loss of A2A-mediated immune suppression (Sitkovsky 

& Ohta, 2020). 

 In clinical trials (CPI-444, AZD4635), fatigue, nausea, headache, and tachycardia were commonly 

reported (Fong et al., 2018; Zahavi et al., 2023). 

P2X7 Antagonists 

 Immunosuppression and increased infection risk due to blockade of macrophage and microglial P2X7. 

 Delayed wound healing due to reduced inflammatory response. 

 Neurological side effects (depression, cognitive decline) observed with some clinical antagonists such 

as JNJ-47965567 (Di Virgilio & Giuliani, 2020). 

P2Y12 Antagonists 

 Essential for physiological hemostasis; blockade increases bleeding risk and thrombocytopenia. 

 Surgical and invasive procedures become riskier. 

 Long-term use may impair osteoblast differentiation (Clopidogrel), problematic in patients with bone 

metastases (Gachet, 2016). 

 

Conclusion 
Purinergic receptor antagonists, including CPI-444, AZD4635, AB928, A-740003, and Clopidogrel, have 

demonstrated efficacy in reducing tumor growth, restoring immune surveillance, and limiting metastasis in 

preclinical and clinical studies. Nevertheless, systemic toxicity, adverse effects on physiological processes, 

and incomplete efficacy limit their clinical application. Future research should focus on developing highly 

selective antagonists with minimal off-target effects, optimizing dosage regimens, and exploring combination 

therapies with immune checkpoint inhibitors to enhance therapeutic outcomes. 
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	Рис.№1. Распределение больных по группам
	Таблица №1. Частота встречаемости неврологических синдромов у больных с СД-1.
	Рис. №2. Показатели когнитивного статуса
	СПИСОК ЛИТЕРАТУРЫ:
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	Received: 20.08.2024, Accepted: 02.09.2024, Published: 10.09.2024
	УДК 616.131-006.04-091
	СУРУНКАЛИ РАВИШДА ЭНЕРГЕТИК ИЧИМЛИК ИСТЕЪМОЛ ҚИЛГАН КАЛАМУШЛАР 12 БАРМОҚЛИ ИЧАК ДЕВОРИДА РИВОЖЛАНУВЧИ МОРФОЛОГИК ЎЗГАРИШЛАРНИ ИММУНОГИСТОКИМЁВИЙ ТАҲЛИЛИ
	P3PАвезов А.У. 13TUhttps://orcid.org/0009-0000-2413-8379U13T
	P1PБабажанов Т.Ж. 13TUhttps://orcid.org/0009-0008-0011-8750U13T
	P2PИлёсов А.С. Email: 13TUIlyasovA@mail.ruU13T
	P3PАйтимова Г.Ю.P PEmail: 13TUAytimovaG@mail.ruU13T
	P1PТошкент тиббиёт академияси. Ўзбекистон, 100109, Тошкент, Олмазор тумани, Фароби кўчаси 2, тел: +99878 1507825, E-mail: 13TUinfo@tma.uzU13T
	ИММУНОГИСТОХИМИЧЕСКИЙ АНАЛИЗ МОРФОЛОГИЧЕСКИХ ИЗМЕНЕНИЙ РАЗВИВАЮЩИХСЯ НА СТЕНКЕ ДВЕНАДЦАТИПЕРСТНОЙ КИШКИ У КРЫСЬ, СВЯЗАННЫЕ С ХРОНИЧЕСКИМ УПОТРЕБЛЕНИЕМ ЭНЕРГЕТИЧЕСКИХ НАПИТКОВ
	P3PАвезов А.У. 13TUhttps://orcid.org/0009-0000-2413-8379U13T
	P1PБабажанов Т.Ж. 13TUhttps://orcid.org/0009-0008-0011-8750U13T
	P2PИлёсов А.С. Email: 13TUIlyasovA@mail.ruU13T
	P3PАйтимова Г.Ю.P PEmail: 13TUAytimovaG@mail.ruU13T
	P1PТашкентская Медицинская Академия (ТМА) Узбекистан, 100109, Ташкент, Алмазарский район, ул. Фароби 2, тел: +998781507825, E-mail: 13TUinfo@tma.uzU13T
	P2PНаваинский инновационный университет Узбекистан, Навоийская область, Город: Кармана, ул. Ташкентская, 39  Тел: +998(55) 500-00-43 Email: 13TUinfo@niuedu.uzU13T
	P3PУргенчский филиал Ташкентской медицинской академии Узбекистан,  Хорезмская область, город  Ургенч, улица Ал-Хорезми №28 Тел: +998(62)224-84-84 E-mail:  13TUinfo@urgfiltma.uzU13T
	4. Зелепухина Л.П. Влияние энергетических напитков на организм человека. Библиографическая ссылка на статью: //Современные научные исследования и инновации. 2012;2.
	12. Oh S.S., Ju Y.J., Park E.C., Jang S.I., 2019. Alcohol mixed with energy drinks (AmED) and negative alcohol-related consequences among south Korean college students. //Int. J. Environ. Res. Public Health 2019;16.
	14. Seifert S.M., Schaechter J.L., Hershorin E.R., Lipshultz S.E. Health effects of energy drinks on children, adolescents, and young adults. //Pediatrics. 2011;127(3):511-528.
	15. Tom M McLellan., John A Caldwell., Harris R Lieberman. A review of caffeine's effects on cognitive, physical and occupational performance. 2016; 294-312.
	16. Victor L Fulgoni 3rd, Debra R Keast, Harris R Lieberman. Trends in intake and sources of caffeine in the diets of US adults: 2001-2010. //Affiliations expand. 2015 May;101(5):1081-7.
	Received: 20.08.2024, Accepted: 02.09.2024, Published: 10.09.2024
	ЭНЕРГЕТИК ИЧИМЛИКЛАР ТАЪСИРИДА РИВОЖЛАНУВЧИ ЎН ИККИ БАРМОҚЛИ ИЧАК ТЎҚИМА ТУЗИЛМАЛАРИДАГИ МОРФОЛОГИК ЎЗГАРИШЛАРНИ ГИСТОКИМЁВИЙ ТАҲЛИЛИ
	P1PБабажанов Т.Ж. 13TUhttps://orcid.org/0009-0008-0011-8750U13T
	P2PИлёсов А.С. Email: UIlyasovA@mail.ruU
	P 3PАвезов А.У. 13TUhttps://orcid.org/0009-0000-2413-8379U13T
	P3PАйтимова Г.Ю.P PEmail: UAytimovaG@mail.ruU
	P1PТошкент тиббиёт академияси. Ўзбекистон, 100109, Тошкент, Олмазор тумани, Фароби кўчаси 2, тел: +99878 1507825, E-mail: Uinfo@tma.uzU
	ГИСТОХИМИЧЕСКИЙ АНАЛИЗ МОРФОЛОГИЧЕСКИХ ИЗМЕНЕНИЙ В ТКАНЕВЫХ СТРУКТУРАХ ДВЕНАДЦАТИПЕРСТНОЙ КИШКИ, РАЗВИВАЮЩИХСЯ ПОД ВОЗДЕЙСТВИЕМ ЭНЕРГЕТИЧЕСКИХ НАПИТКОВ
	P1PБабажанов Т.Ж. Uhttps://orcid.org/0009-0008-0011-8750U
	P2PИлёсов А.С. Email: UIlyasovA@mail.ruU
	P3PАвезов А.У. Uhttps://orcid.org/0009-0000-2413-8379U
	P3PАйтимова Г.Ю.P PEmail: UAytimovaG@mail.ruU
	P1PТашкентская Медицинская Академия (ТМА) Узбекистан, 100109, Ташкент, Алмазарский район, ул. Фароби 2, тел: +998781507825, E-mail: Uinfo@tma.uzU
	P2PНаваинский инновационный университет Узбекистан, Навоийская область, Город: Кармана, ул. Ташкентская, 39 Тел: +998(55) 500-00-43 Email: Uinfo@niuedu.uzU
	P3PУргенчский филиал Ташкентской медицинской академии Узбекистан, Хорезмская область, город Ургенч, улица Ал-Хорезми №28 Тел: +998(62)224-84-84 E-mail: Uinfo@urgfiltma.uzU
	4. Зелепухина Л.П. Влияние энергетических напитков на организм человека. Библиографическая ссылка на статью: //Современные научные исследования и инновации. 2012;2.
	12. Oh S.S., Ju Y.J., Park E.C., Jang S.I., 2019. Alcohol mixed with energy drinks (AmED) and negative alcohol-related consequences among south Korean college students. //Int. J. Environ. Res. Public Health 16.
	14. Seifert S.M., Schaechter J.L., Hershorin E.R., Lipshultz S.E. Health effects of energy drinks on children, adolescents, and young adults. //Pediatrics. 2011;127(3):511-528.
	15. Tom M McLellan, John A Caldwell, Harris R Lieberman. A review of caffeine's effects on cognitive, physical and occupational performance. 2016;294-312.
	16. Victor L Fulgoni 3rd, Debra R Keast, Harris R Lieberman. Trends in intake and sources of caffeine in the diets of US adults: 2001-2010. //Affiliations expand. 2015 May;101(5):1081-7.
	Received: 20.09.2024, Accepted: 02.10.2024, Published: 10.10.2024
	УДК 613.2.614.31:633
	IntroductionO
	Aetiology
	The development of oral leukoplakia appears to be multifactorial in nature. However, the definitive cause is unclear. Smoking has been identified as the predominant risk factor, with oral leukoplakia six times more common in smokers. Alcohol is recogn...
	Epidemiology
	While reported rates of oral leukoplakia vary among different geographic regions and demographical groups, a recent systematic review and meta-analysis reported a pooled prevalence of 4.12% globally. Oral leukoplakia is more commonly seen in men and i...
	Clinical presentation
	The sites most commonly affected include the lateral and ventral tongue, buccal mucosa, and floor of the mouth, the latter site being frequently affected in populations with a high prevalence of smoking.
	Oral leukoplakia may be subclassified into homogeneous and non-homogeneous forms. Homogenous oral leukoplakia (Figure 1) is characterised by a predominantly flat, uniform, often well-demarcated white patch, with a consistent surface topography, and it...
	Malignant transformation of leukoplakia
	Low-risk oral leukoplakias
	High-risk oral leukoplakias

	Conclusion
	2. 14TОжгихина14T Н.В., Кисельникова Л.П. Молярнорезцовая гипоминерализация. Часть I. Этиология и клинические проявления //Проблемы стоматологии. 2010;8(3):40-43.
	3. Атаева М.А. Частота зубочелюстных аномалий у, проживающих в различных экологических условиях //Вестник науки и образования. 2020;24(102/2):44-47.
	4. 86TТайлакова Д.И. 86TЭмбриональный гистогенез зубов в условиях загрязнения окружающей среды //Актуальные вопросы стоматологии: Сборник статей Международной научно-практической конференции. - Уфа, 2-3 июнь, 2017; С. 205-211.
	Султонзода Н.Д. 3TUhttps://orcid.org/0009-0003-9181-3532U3T
	+998652252020 E-mail: bemergency@rambler.ru
	 Резюме
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	Jigarning exinokokkozi, ayniqsa endemik mintaqalarda jiddiy tibbiy muammodir. Mexanik sariqlik rivojlanishi bilan oʼt yoʼllariga kistaning kirib borishi kabi kasallikning asoratlari bemorlarning 10-30% uchraydi va kasallikning klinik kechishini sezila...
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