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16All forms of life share a common indispensible need of energy. The requirement of energy is necessary for an
17organism not only to survive but also to thrive. The metabolic activities in normal cells rely predominately on
18mitochondrial oxidative phophorylation for energy generation in the form of ATP. On the contrary, cancer cells
19predominately rely on glycolysis rather than oxidative phosphorylation. It is long believed that an impairment
20of mitochondrial oxidative phosphorylation is the cause of this glycolytic phenotype observed in cancers. How-
21ever, studies in cancer metabolism have revealed that mitochondrial function in many cancers is intact. It has
22also been observed that cancers utilize various forms of metabolism. The various metabolic phenotypes that
23are employed by cancer cells have a common purpose, to balance macromolecular biosynthesis and sufficient
24ATP production in order to support the rapid proliferation rate characteristic of these aberrant cells. These met-
25abolic pathways are attractive targets for possible therapeutic interventions and currently research is underway
26to meet this end. More importantly, normal cells have essentially the same metabolic requirements as cancer
27cells so finding an approach to target thesemetabolic pathways without incurring detrimental effects on normal
28tissues remains the challenge.

29 © 2014 Elsevier B.V. and Mitochondria Research Society.
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45

46 1. Introduction

47 All cells are completely reliant on the presence of an adequate sup-
48 ply of energy in order to carry out cellular processes like proliferation
49 and macromolecular biosynthesis. This inherent need for a constant
50 supply of energy also applies to cancer cells. Cancer proliferation alone
51 is a very costly process in terms of energy requirements due to the
52 several anabolic reactions it encompasses as well as the procurement
53 of the necessary basic components such as; nucleic acid, protein and
54 lipids. Cancer cells have been able to meet this need of energy by

55utilizing metabolic pathways that produce enough ATP and necessary
56metabolites to not only survive but also proliferate in environments
57that normal cells would find inhospitable such as hypoxic and acidic
58conditions.
59Metabolic activities of normal cells in regard to energy production
60rely predominately on the aerobic process of mitochondrial oxidative
61phosphorylation (OXPHOS), which is efficient and produces more ATP
62than its anaerobic counterpart glycolysis. Cancer cells exhibit the use
63of themetabolic oddity of aerobic glycolysis also known as theWarburg
64effect. This inefficient metabolic pathway consisting of glycolysis in the
65presence of an aerobic environment was first described by Dr. Otto
66Warburg (Warburg et al., 1924). Dr.Warburg proposed that the presence
67of aerobic glycolysis was the result of permanent dysfunction of the
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68 mitochondria. This view of has been recently challenged with research
69 showing that the organelle is in fact functional in many cancers (Fantin
70 et al., 2006). In addition, the notion that cancers can subsist on aerobic
71 glycolysis alone is discredited in the face of research showing that gluta-
72 mine metabolism (glutaminolysis) is essential for some cancers' survival
73 (Yuneva et al., 2007). Glutamine can be utilized for the synthesis of
74 protein, nucleic acid, the anti oxidant glutathione, and lipids or serve an
75 anaplerotic role in order to provide an energy source (Dang, 2009).
76 Interestingly, the metabolic phenotypes of cancer cells vary greatly;
77 within a single tumor heterogeneity can be seen from cell to cell. The
78 metabolic heterogeneity observed in cancers is influenced by the
79 surrounding microenvironment. The potential gradients of oxygen,
80 nutrients and pH due to abnormal tumor vasculature all comprise to
81 make up the microenvironment (Cairns et al., 2011).
82 Currently research is underway in order to distinguish potential
83 cancer cell specific metabolic targets so that therapeutic agents can be
84 developed. The purpose of this article is to review the research on the
85 cancer metabolism components of aerobic glycolysis, glutaminolysis,
86 mitochondrial function and possible therapeutic interventions that
87 can target cancer cell-specific metabolic processes.

88 2. Aerobic glycolysis

89 The metabolic hallmark of most cancer cells is the avid uptake and
90 metabolization of glucose. The preferential utilization of glycolysis by
91 cancer confers many advantages. The first is that by utilizing aerobic
92 glycolysis cancer cells can live in environments of fluctuating oxygen
93 concentration that would prove fatal for cells that relied predominately
94 on oxidative phosphorylation to generate ATP (Pouyssegur et al., 2006).
95 Second is the production of lactate, which is the end product of aerobic
96 glycolysis, which makes the proximate environment acidic, favoring
97 cancer invasion (Swietach et al., 2007) and suppressing anti-cancer
98 immune effectors (Fischer et al., 2007). Third is that cancer cells use
99 the intermediates from the glycolytic pathway for anabolic reactions
100 necessary for rapid proliferation (Gatenby and Gillies, 2004). Forth is
101 that pyruvate and NADPH, the end products of the two main pathways
102 for glucose metabolism (glycolysis and pentose phosphate pathway,
103 PPP, respectively), are used by cancer cells to fight against oxidative
104 stress. Pyruvate has been shown to scavenge hydroperoxides (Nath
105 et al., 1995). NADPH, one of the major product of PPP has been shown
106 to participate in glutathione peroxidase (GPX) mediated destruction
107 of hydrogen peroxides.
108 Transcription factors, tumor suppressors and oncogenes regulate
109 glycolysis. Oncogene Ras mutations have been identified in many
110 cancers and drive the metabolic phenotype towards aerobic glycolysis
111 (Hu et al., 2012). Ras activates the mammalian target of rapamycin
112 (mTOR) via the PI3K signaling and mTOR stimulates glycolysis through
113 the induction of hypoxia inducible factors (HIF), specifically isoform
114 HIF1 (Majmundar et al., 2010). A large pool of evidence suggests that
115 the role of HIF in the upregulation of biological pathways implicated
116 in cancer progression. HIF1 is an inducible transcription factor that
117 promotes cellular adaptation to hypoxic environments and ultimately
118 facilitates the shift from OXPHOS to the glycolytic phenotype in cancer.
119 HIF1 is regulated by oxygen concentrations which are significantly
120 reduced in cancer cells. Lower oxygen inhibits HIF1 ubiquitination and
121 degradation, and therefore prolongs its transcriptional activity. In
122 regard to energy metabolism, HIF1 induces glucose transporter (GLUT)
123 1 and 3 expression as well as upregulates 9 of 10 glycolytic enzymes
124 (except phosphoglycerate mutase) that function in glycolysis (Levine
125 and Puzio-Kuter, 2010). HIF1 also inhibits the conversion of pyruvate
126 to acetyl-CoA through the activation of pyruvate dehydrogenase kinase
127 1 (PDK1), resulting in a decrease in mitochondrial OXPHOS. Studies
128 have also shown that upregulation of pyruvate kinase M2 (PKM2) by
129 mTOR is critical for aerobic glycolysis and cancer growth (Sun et al.,
130 2011). PKM2 occupies the last position of the glycolytic pathway and
131 possesses two possible configurations a tetramer (more active) and a

132dimer (less active). When cellular energy demands are high the tetra-
133meric form of PKM2 is prevalent and glycolysis is carried out to lactate
134production. When the cell is in a proliferation state the dimeric form of
135PKM2 is prevalent resulting in the accumulation of phosphometabolites
136upstream of pyruvate in the glycolytic pathway to serve as precursors
137for the synthesis of nucleic acids, amino acids and lipids while the pro-
138duction of lactate is avoided (Mazurek et al., 2005). mTOR upregulates
139PKM2 via HIF1 and Myc (Sun et al., 2011), which is consistent with
140Myc upregulation of glycolysis. The oncogene Myc, which is commonly
141overexpressed in human cancers, is a transcription factor that regulates
142approximately 15% of human genes, including metabolism (glucose,
143glutamine, protein, and lipid), cell cycle and apoptosis to name a few.
144Myc upregulates the expression of GLUT and lactate dehydrogenase-A
145(LDH-A), which directly contributes to the glycolytic pathway. HIF1
146binds to the promoter region of Myc and enhances its transcription.
147HIF1 and c-Myc also show cooperation to promote aerobic glycolysis
148through the induction of hexokinase 2 (HK2) and pyruvate dehydroge-
149nase kinase 1 (PDK1), with the former converting glucose to glucose 6-
150phosphate (G6P) and the later acting as a negative regulator on the
151pyruvate dehydrogenase (PDH) (Dang et al., 2008). G6P is continuously
152produced in hypoxic cancer cells through the activity of HK2, andHK2 is
153reported to be the facilitator and gatekeeper of malignancy (Mathupala
154et al., 2006).
155Tumor suppressor p53 is one of the most common gene mutations
156seen in cancers. p53 is a transcription factor that serves as a regulator
157of various cellular processes including cellular energy metabolism. p53
158plays a crucial role in cellular energy metabolism by balancing between
159OXPHOS and glycolysis (Ma et al., 2007). The combination of the tran-
160scription factors p53, c-Myc and HIF1 has been described as the “triad”
161of transcription factors responsible for the glycolytic phenotype seen
162in cancerous cell (Yeung et al., 2008). The action of p53 in normal con-
163ditions in regard to cellmetabolism is the downregulation of the expres-
164sion of GLUT 1&4 and HK2, and the upregulation of expression of p53
165induced glycolysis and apoptosis regulator TIGAR and synthesis of
166cytochrome c oxidase 2 (SCO2) and apoptosis inducing factor (AIF)
167(Wang et al., 2012). Thus, the role of p53 on cellular energy metabo-
168lism is to inhibit glycolysis and promote OXPHOS. The enzyme TIGAR
169inhibits glycolytic activity through the dephosphorylation of
170fructose-2,6 bisphosphate, which is an important allosteric effector
171of phosphofructose kinase 1 (PFK1) a key regulatory enzyme of glycoly-
172sis. SCO2 promotes the assembly of cytochrome c oxidase complex in the
173mitochondrial electron transport chain (ETC) complex IV while, AIF is
174critical for the function of ETC complex I. The deficiency of p53 gives
175way to reduced SCO2 and AIF activity ultimately resulting in mitochon-
176drial OXPHOS impairment (Zhou et al., 2003). p53 also serves the role
177of a negative regulator of HIF1, p53 inhibits HIF1 through the induction
178of microRNA-107. The inactivation of p53 permits aerobic glycolysis in
179various ways including the increased uptake of glucose and activity of
180HIF1, HK2 and phosphoglycerate mutase (PGM) as well as the decrease
181of TIGAR, SCO2 and AIF expression. As mentioned above, under hypoxic
182conditions, mitochondria have developed a more efficient mechanism
183of respiration by modifying expression of the electron transport chain
184proteins, rendering cancer cells to respond to hypoxia.

1853. Glutaminolysis

186Although it is widely accepted that glucose is the predominate
187energy source for most cancer cells, research has shown it is not the
188only one (Guppy et al., 2002). The metabolic pathway of glutaminolysis
189has been identified as an alternative for energy production in certain
190cancers since high glutamine consumption has been frequently ob-
191served (DeBerardinis and Cheng, 2010). Glutamine metabolism has
192been observed in well known cell lines such as HeLa, where it has
193been reported that this cell line was in fact glutamine rather than
194glucose dependent (Reitzer et al., 1979). The process of glutaminolysis
195begins with its entry into the cell membrane through transporters

2 J. Singleterry et al. / Mitochondrion xxx (2014) xxx–xxx

Please cite this article as: Singleterry, J., et al., Components of cancer metabolism and therapeutic interventions, Mitochondrion (2014),
http://dx.doi.org/10.1016/j.mito.2014.05.010

http://dx.doi.org/10.1016/j.mito.2014.05.010


Download English Version:

https://daneshyari.com/en/article/8399379

Download Persian Version:

https://daneshyari.com/article/8399379

Daneshyari.com

https://daneshyari.com/en/article/8399379
https://daneshyari.com/article/8399379
https://daneshyari.com

