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Lipidomics and Nutrylipidomics in Oncology 

Like the other "Omics" Sciences (e.g. Genomics, Proteomics) dealing dynamically with molecules existing in living 

organisms, Lipidomics allows to evaluate, on different biological matrices, the fundamental units of the fatty acid 

classes composing our cell membranes: SFA (Saturated Fatty Acids), MUFA (Mono Unsaturated Fatty Acids), 

PUFA (Poly Unsaturated Fatty Acids). It studies not only the structure, but also the function and the variations 

(relationships between fatty acids) that are determined in different physio-pathological conditions, putting in close 

relation the membrane components with the nutritional status of the patient and with his/her metabolic dysfunctions 

(hormonal changes, insulin resistance, obesity etc.). In recent scientific studies, the crucial effect of fatty acids, 

linked to the correct functioning of ion channels and to the correct transfer of biologically active molecules through 

the membrane has been increasingly highlighted. It is evident how the organization of the membrane does not only 

produce a structural effect, but rather is the key point of the regulation and calibration of the whole cellular 

functioning. For this reason, the membrane can be considered as a metabolic pacemaker: this compartment has not 

anymore the role of a passive spectator, but even becomes an active protagonist in the life and destiny of cells. In 

recent years, the scientific literature has underlined how through the lipidomics on erythrocyte membrane (red blood 

cell), very sturdy indices can be used to identify food shortages, nutritional deficits, metabolic dysfunctions. Among 

these indices, the Omega-3 Index is considered one of the main biomarkers for cardiovascular pathologies and 
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recently it has been related to the increase of oncological diseases. This value is given by the sum of the Omega 3 

PUFAs (DHA + EPA, the Omega 3 from fish) and indicates if the nutritional intake is deficient, good or optimal, 

according to the International Guidelines. The dietary intake is essential and crucial because PUFAs, unlike SFA 

and MUFA, can not be synthesized endogenously, but they can only be introduced with the diet, hence the definition 

of Essential Fatty Acids (EFA). Another key index is the ratio between Omega-6/Omega-3 and pro-inflammatory 

Omega-6 (such as Arachidonic Acid), considered today the most significant test to detect the persistence of silent 

inflammation. While the ratio between saturated and unsaturated fats is progressively improving within the 

population, the ratio of PUFA Omega-6 to Omega-3, whose ideal proportion is between 4:1 and 2:1, is currently 

unbalanced; in fact FDA highlights an average ratio of 25:1 in the ordinary nutrition (in Europe we are around 15:1). 

Identifying an optimal lipid pattern can be of great help in the management of many serious diseases [1-4]. 

 

Recently it has been observed how the variations in the relationships between MUFA and SFA (fatty acids that can 

undergo strong endogenous variations) are the indicators of metabolic imbalances such as obesity, insulin resistance 

and are the response to oncological signals for some types of tumors. Lipidomics is an emerging approach in the 

characterization of the tumor with regard to its classification and its differentiation with respect to healthy cells. 

Tumor cells use fatty acids to synthesize membranes, as an energy reserve and for the production of signaling 

molecules, with more complex metabolic mechanisms than those used for glucose [5-8]. 

 

In tumor cells there is an increased rate of lipid and cholesterol synthesis. Fatty acids are necessary for the 

proliferation of tumor cells and metabolic pathways that allow the growth of the tumor, therefore, they represent a 

new and selective target for oncological therapies. However, it is necessary to specifically understand the 

metabolism of lipids in tumor cells in different types of neoplasia. Unfortunately, lipid metabolism is complex, with 

many feedback mechanisms and metabolic steps. Moreover, most of the lipid metabolic enzymes have multiple 

isoforms active on various processes and may have different localization both at cellular and tissue level. Some 

studies confirm the alteration of lipid composition in the cell membranes of tumor cells; other studies focus on these 

alterations to understand diseases and to discover their potential as markers or therapeutic targets. For example, 

eicosanoids certainly play a role in the neoplastic transformation of cancer cells (proliferation, motility, migration, 

invasion, apoptosis, metastasis and angiogenesis). Some studies demonstrate that, through the blocking of the 

receptor for eicosanoids; through the overexpression of enzymes metabolizing eicosanoids and though the use of 

endogenous anti-inflammatory lipids, it is possible to inhibit the inflammation associated with the tumor and, thus, 

to have an anti-tumor effect [9-14]. 

 

Ways of communication between cells and some prostaglandins leading to the escape of cancer cells from the 

immune system are known. In cancer patients there are different lipid species in the cell lines of tissues, plasma, 

serum and urine and this can become an early diagnostic tool. This diagnostic power has been widely documented 

for phosphatidylcholines, phosphatidylethanolamine, phosphatidylinositol, lysophosphatidylcholine and 

sphingolipids. In lung and breast cancer studies, it appears that there are higher levels of glycerophospholipids and 

sphingolipids compared to healthy controls. Furthermore, high levels of glycerophospholipids appear to be related to 
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negative prognostic factors suggesting a potential role in tumor progression. Ovarian cancer appears to be 

particularly related to elevated levels of lysophosphatidic acid and lysophosphatidylinositol; in particular, 

lysophosphatidic acid stimulates cell proliferation and migration. In pancreatic tumors, there is an altered production 

pathway of ceramides, which are different from those of healthy controls. The ceremids have an important role in 

tumor suppression as they amplify the signals leading to apoptosis, autophagy and cell cycle arrest. Nutrition plays a 

crucial role in this area, because fats used for the various metabolic pathways come from food; in particular, the 

contribution of omega-3 fatty acids is essential, but increasingly lacking in Western nutrition. There is not only 

scientific evidence on the therapeutic role of omega 3 against certain types of cancer, but also on improving the 

efficacy and tolerability of chemotherapy (e.g. suppression of NF-kB, activation of AMPK / SIRT1, modulation of 

cyclooxygenase activity, activation of anti-inflammatory lipid mediators such as resolvins and maresins). Lately we 

are also evaluating the multiple benefits of diomogammalinolenic acid, which exerts an anti-proliferative action 

through the reduction of free radicals, lipid peroxidation and the synthesis of inflammatory prostaglandins, 

influencing growth, apoptosis and cell differentiation. Lastly, there are studies showing that the diet is able to 

remodel the plasma membrane structure; as a consequence, an unbalanced diet can modify membrane functions, 

such as homeostasis and signaling functions, causing cellular aberrations [15-19]. 
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