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ABSTRACT  
 

Chronic inflammation plays critical roles in tumor initiation and progression. Inflammatory tumor microenvironment 
populating tumor cells, inflammatory cells, fibroblasts, and adipocytes and a web of signaling molecules are crucial in the 
promotion and progression of tumors. Numerous studies have identified transcription factors such as nuclear factor-kappa B, 
hypoxia-inducible factor-1, and signal transducer and activator of transcription 3 as key modulators in driving inflammation to 
cancers. Inflammatory cells increase the levels of cytokines that activate these transcription factors to stimulate diverse 
protumorigenic processes. Additionally, these transcription factors induce production of chemokines that attract more 
inflammatory cells to maintain tumor-related inflammation. Although the mechanisms by which obesity enhances tumor growth 
and progression are not clearly defined, population-based studies show that obesity is associated with increased cancer risk. 
Obesity is associated with a state of chronic low-level inflammation due to the increase in adipocyte sizes as well as resident- 
and recruited-macrophage activities, which alter adipokine profiles. These alterations of adipokine profiles are responsible for 
paracrine and endocrine crosstalk with a variety of cell types, thus enhancing tumor growth and progression. 
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INTRODUCTION 

Carcinogenesis is a long, multistep process which in-
cludes initiation, promotion, and progression; these proc-
esses are affected by genetic, epigenetic, and environ-
mental factors. Over the past few decades, the proportion 
of people with excess body weight has been increasing in 
both developed and developing countries(1-3). High levels 
of dietary fat intake induce obesity and insulin resistance 
in rodents and humans(4,5). Epidemiological evidence in-
dicates that overweight and obesity, classified by body 
mass index (BMI) greater than 25, are directly associated 
with cancer risk at several organs, including the breast (in 
postmenopausal women), esophagus, kidney, endometrium, 
and colon(1,6). Fat cell number and size increase in the 
adipose depots and tumor tissues of obese animals. It may 
be that the crosstalk between adipocytes and other resident 
cells leads to alterations of intercellular and intracellular 
molecules which enhance tumor promotion and progres-
sion. The following is a brief review of potential molecular 
links between obesity, inflammation, and cancer. We sub-
sequently discuss how our recent observation that a high 
fat diet (HFD) enhances solid tumor growth and metastasis 
of CT-26 colon cancer cells in BALB/c mice figure in 
these molecular mechanisms.   

Ⅰ.  Inflammation and Cancer  

Inflammation is a complex set of interactions among 
cells, soluble factors, and extracellular matrix components 
that can take place in any tissue in reaction to diverse inju-
ries. This process, by and large, leads to recovery from 
injury and to healing. However, if the resolution of in-
flammation is dysregulated, cellular responses change into 
patterns of chronic inflammation. Since the nineteenth 
century, it has been noted repeatedly that many cancers 
arise from sites of chronic infection, irritation, and in-
flammation(7), and chronic inflammatory diseases are 
strongly associated with increased cancer risk(8). Addition-
ally, the results of epidemiological studies and clinical 
trials indicate that the use of nonsteroidal an-
ti-inflammatory drugs is associated with a reduced risk of 
certain cancers, including colorectal cancer(9). Thus, it may 
be that chronic inflammation promotes cancer develop-
ment and progression. The role of chronic inflammation in 
cancer initiation and promotion is not presented in detail 
here because of limited space and readers are referred to 
excellent reviews(10,11).  

Ⅱ. Roles of Macrophages in Tumor Promotion 

The chronic inflammatory microenvironment is pre-
dominated by macrophages(812). Macrophages constitute a 
heterogeneous population, which can be divided into two 
main classes: M1 and M2 macrophages. M1 cells have 
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important roles in inflammation and innate immunity, 
whereas M2 cells are associated with wound healing, an-
giogenesis, and immunosuppression(13). Tumors are intri-
cate bionetworks of multiple cell types and the full mani-
festation of the malignant potential of transformed epithe-
lial cells requires interactions with the stroma. The stroma, 
which are composed of resident fibroblasts, adipocytes, 
infiltrated bone marrow-derived cells, and blood and 
lymph vessels, varies depending on the origin of the tumor. 
The presence of macrophages at the tumor site represents 
one of the hallmarks of cancer-associated inflammation(11, 

14). Tumor-associated macrophages (TAMs) resemble M2 
cells and exhibit several pro-tumoral functions associated 
with increased angiogenesis, cancer cell invasion, and 
metastasis(15). The crosstalk between cancer cells and 
TAMs, as well as other cell types in the tumor microenvi-
ronment, is a promising target for chemopreven-
tive/therapeutic strategies(16). 

Ⅲ. Obesity and Inflammation 

Obesity is associated with a state of chronic low-level 
inflammation. A broad variety of inflammatory mediators 
and cytokines are overexpressed in adipose and other tis-
sues in obese humans and mouse models of human obe-
sity(17), and adipokines are key mediators linking adipose 
tissue, inflammation, and immune cells(18). Cyto-
kines/chemokines work in networks, and the combina-
tional and additive actions of these molecules are crucial 
to inflammation. An essential feature of inflammation is 
the existence of immune cells such as macrophages, neu-
trophils and eosinophils in inflamed tissues. Infiltration of 
bone marrow-derived monocytes into obese adipose tis-
sues in mice and humans has been previously described(19, 

20). 

Ⅳ. Obesity and Cancer 

A significant correlation between cancer and adipos-
ity suggests an important role of white adipose tissue in 
tumor growth and progression. Several mechanisms have 
been postulated to explain how obesity increases cancer 
risk. It is possible that adipose tissue may enhance tumor 
growth and progression via the alteration of adipokine 
secretion. For example, leptin may be a reasonable candi-
date to mediate the effects of obesity on carcinogenesis, as 
leptin levels are generally increased in obese humans and 
animals(21,22), and leptin has been shown to stimulate cel-
lular proliferation in several tumor cell lines(23). Insulin 
resistance is another candidate, because obesity is associ-
ated with a state of prolonged insulin resistance, which 
reduces the production of insulin-like growth factor bind-
ing protein (IGFBP)-1 and IGFBP-2. Increases in bio-
available IGF-I and prolonged hyperinsulinemia favor 
tumor development(24,25). The high concentrations of cir-
culating IGF-I and insulin activate Akt, which enhances 
cancer cell survival and proliferation in obese 

individuals(24). However, obesity-associated insulin resis-
tance can lead to decreased Akt activation(26). mTOR ac-
tivity may be elevated in obese tissues, and activation of 
mTOR and S6 kinase 1 reduces tyrosine phosphorylation 
and increases serine phosphorylation of insulin receptor 
substrate 1, thereby inhibiting Akt activation(26). mTOR 
was identified as a critical regulator of normal and tumor 
cell growth(27). A low-grade systemic inflammation state 
associated with obesity may be induced primarily as a 
result of increased adipocytes as well as fat resident- and 
recruited-macrophage activities. Peritumoral adipose tis-
sue is involved in a variety of signaling mechanisms in-
cluding secretion of extracellular matrix proteins and so-
luble factors from adipocytes and interaction with stromal 
and tumor cells(28). Although it is likely that macrophage 
infiltration into adipose and tumor tissues contributes to 
the induction of inflammatory responses and enhancement 
of tumor growth and progression in obesity, the extent of 
the functional involvement of macrophages and adipocytes 
in these processes remains unclear. 

Ⅴ. Key Signaling Molecules: Cytokines/Chemokines and 
Transcription Factors Linking Obesity-Induced Inflamma-
tion to Cancer 

The promotion of inflammation appears to be an un-
derlying mechanism by which obesity enhances cancer 
progression(24). Proinflammatory cytokines [interleukin 
(IL)-4, IL-1, and IL-6, tumor necrosis factor (TNF)], 
insulin, and IGF-1 activate several transcription factors 
such as NF-kappa B (NFB), hypoxia-inducible factor 
(HIF)-1, the activator protein-1 (AP-1), and signal 
transducer and activator of transcription (STAT)3(29-31). 
NFB is activated in obesity, and this transcription factor 
controls the expression of an array of anti-apoptotic pro-
teins. Crosstalk exists between NFB and other transcrip-
tion factors such as STAT3, HIF-1, AP-1, specificity 
protein, p53, peroxisome proliferator-activated receptor 
(PPAR), -catenin, androgen receptor, glucocorticoid 
receptor,  and estrogen receptor(32). In obesity, there is an 
unusual increase in c-Jun amino-terminal kinase (JNK) 
activity in liver and adipose tissues(33). Hypoxic conditions 
exist(34) and HIF-I levels are markedly increased in the 
white adipose tissues of HFD-fed obese mice(35). Hypoxia 
is a potential risk factor for chronic inflammation and me-
tabolic syndrome. HIF-1 regulates the transcription of a 
broad variety of genes involved in cancer biology, includ-
ing cell survival, glucose metabolism, angiogenesis, and 
metastasis(36). Furthermore, it has been shown that, in ob-
ese mice, enhanced production of IL-6 and TNF leads to 
prolonged inflammation, which activates STAT3; STAT3, 
in turn, induces proliferation of aberrant liver cells and 
leads to hepatocarcinoma(37).  

While some people appear to be genetically predis-
posed to staying lean no matter what or how much they eat, 
other people become obese. A frequently asked question is 

Figure 1.  Summary of mechanisms underlying the enhance-
ment of cancer development by an increase in adipocytes. 
Increased fat in tumor and adipose tissues recruit immune cells, 
and crosstalk between adipocytes, immune cells, cancer cells, 
and other resident cells increases local and circulating levels of 
growth factors and cytokines/chemokines. These growth factors, 
in turn, induce the activation of several transcription factors 
which subsequently stimulate the transcription of many genes 
involved in cell proliferation, metastasis, and angiogenesis. 
Additionally, hypoxia induced by increases in adipose mass per-
forms an important role in the induction of chronic inflammation 
inherent to obesity, thereby enhancing tumor development and 
metastasis. 

“How much fat is dangerous for us”? We injected CT26 
colon cancer cells into obesity-resistant syngeneic 
BALB/c mice, and observed prolonged consumption of an 
HFD-stimulated solid tumor growth with accompanying 
tumor angiogenesis and lung metastasis. Chronic con-
sumption of an HFD led to an increase in the number of 
fat cells in tumor tissues and a minimal increase in epidi-
dymal fat pad mass without any discernible weight gain. 
Macrophage infiltration was increased in the tumor and 
adipose tissues of HFD-fed mice. HFD feeding increased 
tumor tissue levels of Ki67, cyclin A, cyclin D1, CDK2, 
Bcl-xL, and Bcl-2; reduced p53 levels and apoptotic cells; 
and increased the levels of CD31, vascular endothelial cell 
growth factor (VEGF), P-VEGF receptor-2, inducible ni-
tric oxide synthase (iNOS) and cyclooxygenase (COX)-2 
as well as hemoglobin content. NFB, STAT3, HIF-1, 
and AP-1 were activated in the tumor tissues of mice fed 
on an HFD, as well as the activation of Akt, extracellular 
signal-regulated kinase-1/2, p38 mitogen-activated protein 
kinase, and JNK. HFD feeding increased the serum levels 
of EGF, insulin, IGF-I, interferon-, leptin, chemokine 
(C-C motif) ligand 5, monocyte chemoattractant protein–1, 
IL-1ra, and stromal cell-derived factor-1. These results 
indicate that prolonged consumption of an HFD and/or 
even small increase in fat mass increases the secretion of 
growth factors and cytokines which activate a variety of 
transcription factors, thereby inducing the expression of 
many genes involved in the stimulation of inflammation, 
angiogenesis, and cell proliferation(38). 

CONCLUSIONS 

There is a well-established link between obesity and 
cancer. The classification of obesity for epidemiological 
purposes defines overweight as a BMI greater than 25 
kg/m2 and obesity as a BMI greater than 30 kg/m2. How-
ever, we have recently determined that tumor growth and 
metastasis were stimulated in the presence of a small in-
crease in fat mass in the tumor and adipose tissue of 
HFD-fed mice. These adipocytes induce macrophage infil-
tration and co-opt resident cells and extracellular matrix to 
increase the production of growth factors and proinflam-
matory and proangiogenic cytokines and chemokines 
which stimulates angiogenesis, cancer cell growth, and 
metastasis. In Figure 1, the mechanisms for the involve-
ment of adipose tissues and inflammation in cancer de-
velopment discussed in this review were summarized, al-
though the story of their association has only begun to be 
unraveled. Tumor metastasis is responsible for most deaths 
of cancer patients, and can occur after a long period of 
tumor dormancy. As current medical therapies are not 
wholly effective in the treatment of metastatic cancer, it is 
important to find safe and effective lifestyle modifica-
tions--including dietary practices--to impede cancer de-
velopment and metastasis. Evidence available to date in-
dicates that avoiding a high-fat diet and body fat gain ap-

pears to be an important way to prevent cancer.  
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important roles in inflammation and innate immunity, 
whereas M2 cells are associated with wound healing, an-
giogenesis, and immunosuppression(13). Tumors are intri-
cate bionetworks of multiple cell types and the full mani-
festation of the malignant potential of transformed epithe-
lial cells requires interactions with the stroma. The stroma, 
which are composed of resident fibroblasts, adipocytes, 
infiltrated bone marrow-derived cells, and blood and 
lymph vessels, varies depending on the origin of the tumor. 
The presence of macrophages at the tumor site represents 
one of the hallmarks of cancer-associated inflammation(11, 

14). Tumor-associated macrophages (TAMs) resemble M2 
cells and exhibit several pro-tumoral functions associated 
with increased angiogenesis, cancer cell invasion, and 
metastasis(15). The crosstalk between cancer cells and 
TAMs, as well as other cell types in the tumor microenvi-
ronment, is a promising target for chemopreven-
tive/therapeutic strategies(16). 
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sues in obese humans and mouse models of human obe-
sity(17), and adipokines are key mediators linking adipose 
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kines/chemokines work in networks, and the combina-
tional and additive actions of these molecules are crucial 
to inflammation. An essential feature of inflammation is 
the existence of immune cells such as macrophages, neu-
trophils and eosinophils in inflamed tissues. Infiltration of 
bone marrow-derived monocytes into obese adipose tis-
sues in mice and humans has been previously described(19, 

20). 
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A significant correlation between cancer and adipos-
ity suggests an important role of white adipose tissue in 
tumor growth and progression. Several mechanisms have 
been postulated to explain how obesity increases cancer 
risk. It is possible that adipose tissue may enhance tumor 
growth and progression via the alteration of adipokine 
secretion. For example, leptin may be a reasonable candi-
date to mediate the effects of obesity on carcinogenesis, as 
leptin levels are generally increased in obese humans and 
animals(21,22), and leptin has been shown to stimulate cel-
lular proliferation in several tumor cell lines(23). Insulin 
resistance is another candidate, because obesity is associ-
ated with a state of prolonged insulin resistance, which 
reduces the production of insulin-like growth factor bind-
ing protein (IGFBP)-1 and IGFBP-2. Increases in bio-
available IGF-I and prolonged hyperinsulinemia favor 
tumor development(24,25). The high concentrations of cir-
culating IGF-I and insulin activate Akt, which enhances 
cancer cell survival and proliferation in obese 
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tance can lead to decreased Akt activation(26). mTOR ac-
tivity may be elevated in obese tissues, and activation of 
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substrate 1, thereby inhibiting Akt activation(26). mTOR 
was identified as a critical regulator of normal and tumor 
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the induction of inflammatory responses and enhancement 
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controls the expression of an array of anti-apoptotic pro-
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unusual increase in c-Jun amino-terminal kinase (JNK) 
activity in liver and adipose tissues(33). Hypoxic conditions 
exist(34) and HIF-I levels are markedly increased in the 
white adipose tissues of HFD-fed obese mice(35). Hypoxia 
is a potential risk factor for chronic inflammation and me-
tabolic syndrome. HIF-1 regulates the transcription of a 
broad variety of genes involved in cancer biology, includ-
ing cell survival, glucose metabolism, angiogenesis, and 
metastasis(36). Furthermore, it has been shown that, in ob-
ese mice, enhanced production of IL-6 and TNF leads to 
prolonged inflammation, which activates STAT3; STAT3, 
in turn, induces proliferation of aberrant liver cells and 
leads to hepatocarcinoma(37).  

While some people appear to be genetically predis-
posed to staying lean no matter what or how much they eat, 
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and other resident cells increases local and circulating levels of 
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in turn, induce the activation of several transcription factors 
which subsequently stimulate the transcription of many genes 
involved in cell proliferation, metastasis, and angiogenesis. 
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forms an important role in the induction of chronic inflammation 
inherent to obesity, thereby enhancing tumor development and 
metastasis. 

“How much fat is dangerous for us”? We injected CT26 
colon cancer cells into obesity-resistant syngeneic 
BALB/c mice, and observed prolonged consumption of an 
HFD-stimulated solid tumor growth with accompanying 
tumor angiogenesis and lung metastasis. Chronic con-
sumption of an HFD led to an increase in the number of 
fat cells in tumor tissues and a minimal increase in epidi-
dymal fat pad mass without any discernible weight gain. 
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adipose tissues of HFD-fed mice. HFD feeding increased 
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(C-C motif) ligand 5, monocyte chemoattractant protein–1, 
IL-1ra, and stromal cell-derived factor-1. These results 
indicate that prolonged consumption of an HFD and/or 
even small increase in fat mass increases the secretion of 
growth factors and cytokines which activate a variety of 
transcription factors, thereby inducing the expression of 
many genes involved in the stimulation of inflammation, 
angiogenesis, and cell proliferation(38). 

CONCLUSIONS 

There is a well-established link between obesity and 
cancer. The classification of obesity for epidemiological 
purposes defines overweight as a BMI greater than 25 
kg/m2 and obesity as a BMI greater than 30 kg/m2. How-
ever, we have recently determined that tumor growth and 
metastasis were stimulated in the presence of a small in-
crease in fat mass in the tumor and adipose tissue of 
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which stimulates angiogenesis, cancer cell growth, and 
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velopment discussed in this review were summarized, al-
though the story of their association has only begun to be 
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of cancer patients, and can occur after a long period of 
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ABSTRACT  
  

Autophagy is a catabolic process and has an important homeostatic role, mediating the removal of dysfunctional or 
superfluous proteins and organelles. Dysfunction of autophagy is involved in various physiologic and pathologic conditions, such 
as developmental cell death, clearance of pathogens, aging process, neurodegenerative diseases, and cancers. Cancer cells which 
are inherently vulnerable to metabolic stress and also defective in apoptosis are more dependent on autophagy for cell survival 
than normal cells. Autophagy might have a dual but conflicting role in carcinogenesis, tumor-suppressing and tumor-promoting 
role. The roles of autophagy in specific type cancers in vivo, however, have not been determined clearly. In this review, we 
discussed the role of autophagy especially in ovarian cancer cells in relation to cancer cell metabolism and its modulation by 
natural compounds.    
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INTRODUCTION 
 

Cancer is the leading cause of death in developed 
countries, and the global burden of cancer is increasing 
substantially(1). Ovarian cancer, for instance, is the 
seventh leading cause of cancer deaths in women 
worldwide, and is the most lethal gynecologic 
malignancy(1). The poor clinical outcome mainly comes 
from the high percentage of cases being diagnosed at an 
advanced stage and frequent emergence of 
chemoresistance. There have been numerous studies on 
the mechanisms of chemoresistance, including alterations 
in drug transport, mutations in drug-binding sites, defects 
in apoptotic pathways, and, recently, presence of cancer 
stem cells. TP53 mutation is one of the most frequent 
genetic abnormalities found in epithelial ovarian cancer 
and is present in up to 96% of cases with high-grade 
serous ovarian carcinoma(2). Although TP53 mutation has 
been suggested to be involved in above mentioned 
mechanisms of chemoresistance, studies on the 
relationship between TP53 mutation and chemoresistance 
have shown conflicting results(3,4). Recent evidences have 
suggested autophagy as another mechanism of cancer cell 
survival, which is related to sustaining cell viability under 

metabolic stress, such as nutrient starvation or hypoxia 
Autophagy is a catabolic process and has an important 
homeostatic role, mediating the removal of dysfunctional 
or superfluous proteins and organelles, which are 
engulfed, digested and recycled to sustain cellular 
metabolism(5). Characteristics of cancer cells, including 
enhanced cell proliferation, altered apoptotic pathways, 
and reprogrammed cellular metabolism, altogether have 
shown to influence the autophagic pathway.  

Here, we review the role of autophagy especially in 
ovarian cancer cells in relation to cancer cell metabolism 
and TP53 mutation, and its modulation by natural 
compounds.  

 
CANCER CELL METABOLISM             

AND AUTOPHAGY 
 

Cancer cells are characterized by ‘aerobic 
glycolysis’, first described by Otto Warburg in 1920s 
(Warburg effect). Aerobic glycolysis refers to the high 
level of glycolytic activity even in the presence of 
oxygen, which is an inefficient way of ATP production 
compared to oxidative phosphorylation but is beneficial 
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