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Аннотация: Данная статья представляет обзор современных 

представлений о метаболическом репрограммировании при остром миелоидном 

лейкозе. Рассматривается роль эффекта Варбурга и мевалонатного пути в 

патогенезе заболевания. Особое внимание уделяется потенциальным 

терапевтическим мишеням, включая ингибирование изопреноидного синтеза с 

помощью бисфосфонатов. Статья обобщает экспериментальные данные и 

обсуждает клинические перспективы. 

Ключевые слова: Острый миелоидный лейкоз, метаболическое 

репрограммирование, эффект Варбурга, иммунометаболизм. 

Abstract: This article provides an overview of current concepts of metabolic 
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reprogramming in acute myeloid leukemia. The role of the Warburg effect and the 

mevalonate pathway in disease pathogenesis is discussed. Particular attention is paid 

to potential therapeutic targets, including inhibition of isoprenoid synthesis by 

bisphosphonates. The article summarizes experimental data and discusses clinical 

perspectives. 

Keywords: Acute myeloid leukemia, metabolic reprogramming, Warburg 

effect, immunometabolism. 

 

Introduction 

Acute myeloid leukemia (AML) is a heterogeneous and aggressive 

hematological malignancy originating from myeloid progenitor cells in the bone 

marrow. Globally, cancer remains a leading cause of mortality, and AML accounts for 

a significant proportion of leukemia-related deaths. In the United States alone, acute 

leukemia causes more than ten thousand deaths annually [1]. 

Recent studies have demonstrated that, in addition to genetic abnormalities, 

alterations in cellular metabolism play a critical role in leukemogenesis. Metabolic 

reprogramming is now recognized as a hallmark of cancer, enabling tumor cells to 

modify energy production and biosynthetic pathways to support rapid proliferation. 

One of the most characteristic features of this process is the Warburg effect, which is 

defined by increased glycolysis even under normoxic conditions [3]. 

This review aims to summarize the general characteristics of AML, discuss the 

mechanisms of metabolic reprogramming, and explore therapeutic opportunities 

targeting the mevalonate pathway. 

Study objects and methods 

This article used literary sources from databases such as PubMed, eLibrary, and 

others. Special attention is paid to studies that examined the role of metabolic 

reprogramming in acute myeloid leukemia. 
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Research results and their discussion 

AML is characterized by abnormal proliferation of myeloid blasts in the bone 

marrow and peripheral blood, leading to disrupted hematopoiesis. The disease exhibits 

unique clinical features, including a higher incidence in males, a median age at 

presentation, and variable blast counts. Leukemia stem cells (LSCs), a subpopulation 

of hematopoietic stem cells, possess self-renewal capacity and give rise to both 

identical stem cells and differentiated progeny, thereby sustaining the malignant clone 

[1]. Current treatment strategies include intensive chemotherapy, venetoclax combined 

with azacitidine or low-dose cytarabine, and allogeneic stem cell transplantation. 

Metabolic reprogramming is not limited to cancer cells but also occurs in 

immune cells. Immunometabolism describes the biochemical synergy between 

metabolic pathways and immune cell activation. Depending on their phenotype, 

immune cells adopt specific metabolic patterns involving glycolysis, oxidative 

phosphorylation, fatty acid oxidation, and amino acid signaling [5]. These shifts can 

promote either pro-inflammatory or anti-inflammatory responses, influencing disease 

initiation and progression. In AML, metabolic alterations within the bone marrow 

microenvironment contribute to immune evasion and therapy resistance. 

The Warburg effect, characterized by enhanced aerobic glycolysis, provides 

cancer cells with rapid ATP production and metabolic intermediates for biosynthesis. 

In AML, this metabolic switch supports blast proliferation and survival. Key enzymes 

involved in glycolysis are often overexpressed, making them attractive therapeutic 

targets. However, targeting glycolysis alone may be insufficient due to metabolic 

plasticity of leukemic cells [3]. 

Beyond glucose metabolism, lipid biosynthesis pathways are frequently 

upregulated in AML. The mevalonate pathway, responsible for cholesterol synthesis, 

plays a critical role in cellular transformation. It produces isoprenoid intermediates 

such as farnesyl pyrophosphate (FPP) and geranylgeranyl pyrophosphate (GGPP), 

which are essential for the prenylation of small GTP-binding proteins including Ras, 
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Rho, Rac, and Rab. These proteins regulate cell survival, membrane dynamics, and 

intracellular trafficking [4]. 

Bisphosphonates, particularly aminobisphosphonates like zoledronate, inhibit 

farnesyl pyrophosphate synthase, a key enzyme in the mevalonate pathway. This 

inhibition reduces FPP and GGPP levels, disrupting prenylation and subsequent 

signaling pathways involved in clonal expansion and differentiation block in AML. 

Preclinical studies have demonstrated antitumor activity of bisphosphonates in AML 

models, and their combination with conventional chemotherapy represents a promising 

strategy [4]. 

Conclusion 

Metabolic reprogramming, including the Warburg effect and activation of the 

mevalonate pathway, is a fundamental feature of acute myeloid leukemia. These 

metabolic alterations not only support rapid proliferation but also contribute to therapy 

resistance and immune evasion. Targeting the mevalonate pathway with 

bisphosphonates, such as zoledronate, disrupts isoprenoid synthesis and prenylation of 

critical signaling proteins, leading to antileukemic effects. Future clinical studies are 

needed to evaluate the efficacy of bisphosphonate-based regimens in AML patients. 

Integrating metabolic inhibitors into existing chemotherapy protocols represents a 

promising direction for improving treatment outcomes. 
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