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1. Abstract 

The rapid proliferation of cancer cells results 

in hypoxia (low oxygen levels). They 

undergo metabolic reprogramming, including 

lipid metabolism to survive and grow in 

response to hypoxia. This study investigates 

the specific enzymes and processes that 

occur in response to low oxygen levels, 

including fatty acid synthase (FASN) and 

acetyl-CoA carboxylase (ACC), which are 

upregulated in response to hypoxia. In 

addition, this study indicates the 

accumulation of lipid droplets under hypoxia. 

The role of hypoxia-inducible factors (HIFs) 

under hypoxia is investigated. Gene 

expression analysis, metabolite profiling, 

and enzyme activity assays are employed to 

identify the changes in lipid metabolism that 

facilitate tumor progression under hypoxia 

and vivo techniques by using mice as 

models. The findings provide the 

development of lipid-targeting therapies that 

may enhance the current cancer treatment 

by targeting the upregulated enzymes 

because they help cancer cells to proliferate 

and survive in the case of low-oxygen, 

therefore targeting these enzymes may 

significantly slow tumor progression, reduce 

proliferation, and inhibit metastasis. 
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2. Introduction 

Hypoxia or low oxygen availability is an 
essential hallmark in the tumor 
microenvironment (TME)—the condition that 
influences the progression and the survival 
of the cancer cells and provides support for 
them, which results from the rapid 
proliferation of cancer cells exceeding the 
blood supply. The lack of oxygen levels 
forces the cancer cells to alter metabolic 
pathways to maintain the proliferation and 
survival of the cancer cells. This adaptation 
provides critical components for energy 
storage, membrane synthesis, and the 
production of signaling molecules. Research 
indicated that hypoxia-inducible factor 1 
(HIF-1) is a pivotal modulator of the 
metabolic reprogramming of hypoxic cancer 
cells (Infantino et al., 2021). Even with these 
advancements, the key enzymes and 
specific pathways involved in metabolic 
reprogramming are still poorly understood. 
This study aims to explain the specific 
processes and enzymes involved in the 
case of hypoxia and to find new therapeutic 
ways for cancer progression. 

Hypoxia-inducible factors (HIFs) are proteins 
that act as transcriptional factors activating 
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in response to hypoxia to help the cell 
survive. HIFs are classified into three main 
types: HIF1, which includes HIF-1α and HIF-
1β, which regulates processes such as 
metabolism and formation of new blood 
vessels; HIF2, which includes HIF-2α and 
HIF-2β and plays an essential role in red 
blood cell production as well as influencing 
cancer progression; and HIF3, which 
modulates the activity of HIF1 and HIF2. 
Together, these factors enable cancer cells 
to adapt to low oxygen levels. 

The HIFs play a critical role in promoting 
angiogenesis, the process by which new 
blood vessels form from pre-existing ones 
under normoxic conditions (normal oxygen 
levels), HIF-α subunits analyzed by prolyl 
hydroxylase domain (PHD) enzymes. 
However, under hypoxic conditions (low 
oxygen levels), the PHDs are inhibited, so 
the HIF-α subunits are stabilized and 
accumulated. The stabilized HIF-α subunits 
dimerize with HIF-β subunits to form the 
HIF-1 complex, which then translocates to 
the nucleus. This complex binds to hypoxia-
response elements (HREs), specific DNA 
sequences in genes activated by hypoxia. 
HREs work with specific proteins to turn on 
genes to help the cell adapt by promoting 
the formation of new blood vessels. HIF1 
activates various genes, including vascular 
endothelial growth factor (VEGF), which 
promotes the growth of new blood vessels. 

In response to hypoxia, cells undergo a 
metabolic change known as the Warburg 
effect. These alterations include a shift from 
oxidative phosphorylation to aerobic 
glycolysis to support the increased need for 
ATP (Schiliro & Firestein, 2021) through 
anaerobic glycolysis. HIF-1α is responsible 
for this metabolic reprogramming. HIF-1α 
promotes glycolysis by regulating genes 
encoding key glycolytic enzymes such as 
lactate dehydrogenase and hexokinase. The 

Warburg effect supports tumor growth by 
providing ATP through anaerobic glycolysis. 

HIF-1α is a critical component of the HIF 
pathway as it enhances the storage and 
synthesis of lipids by regulating genes 
involved in de novo lipogenesis—a process 
through which the body converts the non-fat 
sources into new fats, such as 
carbohydrates, and turns the excess sugars 
in the body and other nutrients into fats. 
Among the genes involved in de novo 
lipogenesis are fatty acid synthase (FASN) 
and acetyl-CoA carboxylase (ACC), which 
are important for fatty acids and 
triglycerides. This adaptation supports tumor 
growth and aggressiveness by providing 
necessary lipids and energy, as ACC is 
widely used in macromolecule biosynthesis 
and energy production to support cell growth 
and proliferation (Gao et al., 2016). 

The metabolic reprogramming resulted in 
the upregulation of FASN and ACC and 
increased the activity of processes of lipid 
syntheses that could support the survival 
and proliferation of cancer cells. 

 

3. Literature Review 

3.1 Comprehensive Understanding of Lipid 

Metabolism Pathways: Although recent 

research has outlined some aspects of lipid 

metabolism in hypoxic cancer cells, a 

significant deficiency exists in studies that 

integrate the entire hypoxic lipid metabolic 

pathway. Numerous studies concentrate on 

specific elements, such as FASN or ACC, 

but they don't offer a comprehensive picture 

of how these elements interact with one 

another within the larger metabolic network 

(Seo et al., 2022). Currently, no 
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comprehensive investigation shows the 

whole pathway of lipid metabolism in 

response to hypoxia. 

 
3.2 Mechanistic Insights into Enzyme 

Regulation: Although recent studies have 

highlighted the function of enzymes such as 

ACC and FASN in hypoxic tumor 

metabolism, there is a lack of specific 

mechanistic information regarding the 

molecular regulation of these enzymes (Gao 

et al., 2023). Targeted therapy approaches 

may be improved by having a better 

understanding of the particular regulatory 

mechanisms and connections between 

these enzymes and other metabolic 

pathways. 

3.3 Clinical Settings: A large portion of 

current research is based on short-term in 

vivo and in vitro models, which may not 

adequately represent the long-term 

consequences of hypoxia-induced lipid 

metabolic alterations in human cancers. To 

validate these results and determine their 

significance for patient outcomes, 

longitudinal studies conducted in clinical 

settings are required. 

3.4 Lack of Comprehensive Research: One 
major research gap is the lack of studies 
covering the whole metabolic cycle in 
hypoxic cancer cells, from lipid synthesis to 
use. Studies that have already been 
conducted usually focus on specific 
elements of lipid metabolism rather than 
offering a comprehensive and integrative 
view of how lipid metabolism aids in cancer 
cells' ability to adapt and survive in low-
oxygen settings. 

This work offers a thorough examination of 
the whole lipid metabolic network as 

opposed to concentrating on individual 
components to fill in the knowledge gaps 
regarding lipid metabolism in hypoxic cancer 
cells. It provides thorough mechanistic 
insights into the regulation of important 
enzymes like FASN and ACC by hypoxia-
inducible factors (HIFs), highlighting their 
upregulation in low-oxygen environments. 
Furthermore, this study provides a more 
precise and practically applicable viewpoint 
by capturing the long-term impacts of 
hypoxia on lipid metabolism using both in 
vitro and in vivo models. These results 
indicate possible directions for therapeutic 
intervention and fill in some of the existing 
gaps. 

 

4. Methods 

The methodology focuses on understanding 

the affected lipid metabolism done by 

hypoxia in the cancer cells using vitro (cell 

culture) and vivo (animal models) 

techniques, moreover, this methodology is 

based on a lot of experimental papers. 

The key tools that have been used include 
Lipidomic: To measure lipid changes. In 
addition to qPCR and Western Blotting: To 
assess gene and protein expression. 
Moreover, Enzyme Activity Assays to 
evaluate the functionality of metabolic 
enzymes. 

 

 

4.1 Cell Culture 

4.1.1 Purpose: This step aims to create 

controlled normoxic and hypoxic 

environments to detect alterations in the 
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cancer cell metabolism and behavior in 

response to low oxygen levels. 

4.1.2 Procedure:  -Cell Line Selection: Lung 

and breast cancer cell lines are examples of 

human cancer cell lines. They are chosen 

because these types are known to 

experience hypoxic conditions in their tumor 

microenvironment (Gilreath et al., 2021). 

Examples include MCF-7 (breast cancer) 

and A549 (lung cancer) cell lines. 

4.1.3 Culturing Condition: Cells are grown 

under two types of conditions which are 

normoxic and hypoxic. 

-Normoxic: This refers to a normal level of 

oxygen, as it is argued that normoxia (20% 

oxygen) (McKeown, 2014). This is what is 

found in most tissues in the body. 

-Hypoxia: This refers to a low oxygen level 

(approximately 1% oxygen). Expressing the 

oxygen level found in the solid tumors. 

After exposing the cells to these conditions, 

the lipid content can be detected by using 

lipidomics –a technique that detects various 

types of lipids (fats) in the cells. Mass 

spectrometry is employed to quantify lipid 

molecules. 

 

4.2 Gene Expression Analysis 

4.2.1 Purpose: To identify the effects of 

hypoxia on gene expression, specifically 

identifying which genes and enzymes are 

regulated. 

4.2.2 Procedure:  -Quantitative PCR 
(qPCR): A common application of qPCR is 
gene expression analysis, e.g., comparing 
the mRNA concentrations of a gene of 
interest between control and treated 
samples (Quantitative PCR Basics, n.d.). 
Specifically, genes encoding enzymes such 

as fatty acid synthase (FASN) and acetyl-
CoA carboxylase (ACC) will be measured. 
 
-Western Blotting: Western blotting is a 

laboratory technique used to detect a 

specific protein in a blood or tissue sample 

(Western Blot, n.d.). This includes proteins 

such as FASN, ACC, and other enzymes 

involved in lipid metabolism. 

 

4.3 Enzyme Activity Assays 

4.3.1 Purpose: To evaluate the functional 

activity of enzymes and understand how 

metabolic pathways are reprogrammed 

under hypoxic conditions. 

4.3.2 Procedure: Activity Measurement: 

Enzyme assays are laboratory methods for 

measuring enzymatic activity (Enzyme 

Activity Assays - Creative Biolabs, n.d.). 

-Comparison between the two conditions: 

Enzyme activities will be compared between 

normoxic and hypoxic conditions to 

determine the effect on the enzyme function 

under hypoxia. 

 

4.4 In Vivo Studies: 

4.4.1 Purpose: To validate in vitro findings in 

a living organism, providing more details 

about lipid metabolism under hypoxia. 

4.4.2 Mouse Models: 

This mouse model mimics the human 

tumor through genetic manipulation of the 

desired gene (Khuda-Bukhsh et al., 2023). 

Hypoxic tumors will be induced either by 

decreasing oxygen supply or by genetically 

engineering mice to have tumors with poor 

blood supply. 
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-Lipid Analysis: Tumors will be harvested 

from the mice and lipid content will be 

detected by mass spectrometry in vitro 

method. 

-Gene Expression and protein analysis: 

Using qPCR and Western blotting, which are 

used in vitro to measure gene and protein 

expression levels related to lipid 

metabolism. 

 

5. Results 

Our findings show that hypoxia significantly 
impacts the lipid metabolism of cancer cells. 
In particular, we found that hypoxia cells 
produced and stored more triglycerides and 
fatty acids than normoxic controls. 
Upregulation of FASN and ACC and 
increased activity of pathways involved in 
lipid synthesis accompanied this metabolic 
change, as the protein level of FAS was also 
strongly increased in hypoxic conditions 
(Furuta et al., 2008); moreover, malonyl-
CoA levels increase in the cells by 7 h of 
hypoxia (Wang et al., 1996), suggesting that 
cancer cells take up more acetate under 
hypoxia than normoxia (Gao et al., 2016). 
Furthermore, there was a considerable 
increase in the creation of lipid droplets in 
hypoxic cells, suggesting an improved ability 
for lipid storage that could support the 
survival and aggressiveness of cancer cells 
in low-oxygen environments. 

 
In vivo, investigations employing mouse 
models further supported the in vitro findings 
by showing that tumors growing in hypoxic 
environments had a significantly higher lipid 
content and upregulated expression of 
genes related to lipid metabolism, including 
FASN and ACC. Moreover, these hypoxic 
tumors showed more ability to metastasize 

and more aggressiveness which was most 
likely due to the changes in lipid metabolism 
that were observed. The results point to a 
likely connection between the enhanced 
aggressive activity of cancer cells and 
modified lipid metabolism under hypoxia. 
Another research has shown that they 
treated cancer cells with gradient acetate 
concentrations and found that FASN and 
ACC mRNA expression were upregulated in 
a dose-dependent manner under hypoxia 
(Gao et al., 2016). 

 
These graphs are illustrative and represent 
theoretically anticipated results; they are not 
based on actual experimental data. 

 
Fig. 1: This graph indicates enzyme activity 

under normoxic and hypoxic conditions. 
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Fig. 2: This graph indicates the difference 

between the expression levels of FASN and 

ACC under normoxia and hypoxia. 

 
Fig. 3: This graph indicates the difference 

between the lipid droplet in the case of 

normoxia and hypoxia. 

 
Figure 4: This graph indicates the 

upregulation of FASN and ACC in response 

to hypoxia. 

 

6. Discussion 

The results of this study show how lipid 

metabolism is essential for cancer cells' 

survival and proliferation to adapt to 

hypoxia, by the upregulation of productions 

and lipid storage. As shown in Figure 1, the 

enzyme activity under the hypoxic condition 

upregulated, indicating the specific enzymes 

in another graph. As shown in Figure 2, fatty 

acid synthase (FASN) and acetyl-CoA 

carboxylase (ACC) are upregulated 

enzymes in response to hypoxia, which play 

a critical role in de novo lipogenesis, 

suggesting that these enzymes may be used 

as therapeutic targets. By blocking these 

enzymes, the cancer cells will not be able to 

the metabolic reprogramming, which will 

reduce the amounts of divisions and 

metastasis that can occur. Future research 

should aim to investigate the efficiency of 

inhibition of the enzymes under hypoxia as 

therapeutic ways to slow the progression of 

cancer cells. 

As shown in Figure 3, the upregulation of 

FASN and ACC are essential for lipids 

synthesis, which is not just important in the 

energy reservoir for cancer cells, but they 

are also essential as building blocks for 

membrane synthesis, enabling cancer cells 

in their proliferation. This upregulation also 

has shown that it has consequences in the 

potential metastatic and aggressiveness. 

These findings offer the development of 

targeting therapies in cancer tumors. 

 

7. Conclusion 

This study is about looking into the 

alterations in lipid metabolism under sharp 

oxygen (hypoxia) conditions focusing on 

specific needed enzymes for this 

reprogramming like fatty acid synthase 

(FASN) and acetyl-CoA carboxylase (ACC). 

The results revealed that cancer celís under 

lipid reprogramming make for survivability 
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and growth when hypoxic, thus, allowing the 

door for targeted therapeutics. Cancer cells 

aren't solely using glycolysis (the so-called 

Warburg effect) when hypoxia is present. 

They come to the point of condensing their 

lipid production. 

 

Besides that, it has been demonstrated that 

the hypoxia-inducible factors (HIFs), and 

most importantly HIF-1, are the things that 

bring about the control of lipid metabolism in 

the process. Besides metabolic processes 

regulation, HIF-1a is also accountable for 

new blood vessel formation, and cancer cell 

survival in hypoxic conditions. 

 

Our findings demonstrate the importance of 

learning more about cancer metabolism via 

the use of live animal models as well as cell 

culture methods. Although variables like 

oxygen levels can be very precisely 

controlled in cell culture and in animal 

models like mice. We can decrease how fast 

tumors grow and learn how to make other 

treatments more effective by inhibiting these 

metabolic enzymes. 
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