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ABSTRACT: 
 Our present review isfocused on different therapeutic targets of aspirin in colorectal cancer (CRC) 
chemo-prevention. 
 In our present review, the searching in the electronic data base was conducted through Pub Med, 
ScienceDirect, Cochrane Library, Scopus and Google Scholar, restricted to the studies from 2000 to 
2015.This review focuses on the therapeutic targets of aspirin in (CRC) chemo-prevention. we 
describe the possible pathways through which aspirin could mediate its beneficial effects in CRC. 
 These chemo-preventive mechanisms of action make aspirin an attractive treatment option for 
managing CRC.  
 Therapeutic targets of aspirin were observed, they were classified into cyclooxygenase-dependent; 
the adenomatous polyposis coli (APC)/beta-catenin-mediated oncogenic Wnt pathway, the 
phosphatidylinositol 3-kinase (PI3K) signalling pathway, the role of the non-steroidal anti-
inflammatory activated gene-1 (NAG-1), inhibiting the generation of sphingosine-1-phosphate and 
other cyclo-oxygenase-dependent mechanisms  and cyclooxygenase -independent pathways such as 
aspirin induces pro-apoptotic pathways and autophagy and microsatellite instability and mismatch 
repair (MMR). 
 Aspirin has different targets through which it exerts its chemo-preventive action, according to its 
relation to cyclooxygenase (COX) enzyme, they are classified into COX-dependent and COX-
independent pathways, both may act synergistically at different levels.  
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INTRODUCTION: 

 The molecular mechanisms underlying these effects are diverse. In particular, aspirin can function 

via two different types of pathway: cyclooxygenase-dependent and cyclooxygenase-independent 

pathways (both of which might function synergistically at different level).1, 2-4 Because the etiology 

and pathophysiology of CRC is complex, it is unlikely that the chemo-preventive effect of aspirin can 

be explained by only one mechanism. Taking these mechanisms together may therefore offer an 

important insight into the beneficial effects of aspirin on CRC.  

This review focuses on the therapeutic targets of aspirin in CRC chemo-prevention. we describe the 

possible pathways through which aspirin could mediate its beneficial effects in CRC.These chemo-

preventive mechanisms of action make aspirin an attractive treatment option for managing CRC. The 

main objectives of our present review arefocused on different therapeutic targets of aspirin.   

MATERIALS AND METHODS: 

 In our present review, the searching in the electronic data base was conducted through Pub Med, 

ScienceDirect, Cochrane Library, Scopus and Google Scholar, restricted to the studies from 2000 to 

2015.This review focuses on the therapeutic targets of aspirin in (CRC) chemo-prevention. we 

describe the possible pathways through which aspirin could mediate its beneficial effects in CRC. 

These chemo-preventive mechanisms of action make aspirin an attractive treatment option for 

managing CRC.  

RESULTS: 

     1. Therapeutic targets of aspirin that could be involved in CRC chemo-prevention: 
A. Cyclooxygenase-dependent pathways: 

1. The adenomatous polyposis coli (APC)/beta-catenin-mediated oncogenic Wnt pathway: 

The most commonly mutated gene in CRC is the adenomatous polyposis coli (APC) gene, which 

encodes a known tumor suppressor protein.5-9The APC protein controls diverse cellular processes 

mainly through association with other proteins, especially those that are involved in cell attachment 

and signaling. One protein with which APC associates is β-catenin. Mutation of the APC gene allows 

for activation of the oncogenic Wnt/β-catenin pathway, subsequent cytosolic accumulation ofβ-

catenin, and its translocation to the nucleus. In the nucleus, β-catenin functions as a cofactor for the 

stimulation of gene transcription.4, 10, 11It acts as a transcriptional co-activator for the expression of 

genes with T-cell factor/lymphoid enhancer family (TCF/LEF) binding sites in their regulatory DNA 

regions. Targets of this pathway include oncogenes (such as K-Ras), cell-cycle-regulating genes, 

growth factors (epidermal growth factor receptor (EGFR) and vascular endothelial growth factor 

(VEGF)), peroxisome proliferator-activated receptors delta (PPAR delta), and cyclooxygenase-2 

(COX-2), in addition to many others.4, 10-12 
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Upregulated expression of COX-2 stimulates the activation of co-carcinogens and leads to increased 

levels of prostaglandin E2 (PGE2), which functions in a positive feed-back loop to enhance the nuclear 

actions of β-catenin. PGE2 inhibits apoptosis and stimulates tumor growth as well as stimulates 

angiogenesis, and promotes immunosuppression in patients with CRC.4, 13, 14 

Aspirin inhibits cyclooxygenase enzymes, which are responsible for catalyzing the key steps in the 

formation of prostaglandins and related eicosanoids.15-17 In a study compared the effect of aspirin use 

on the risk of CRC in relation to the COX-2 expression, aspirin use significantly reduced the risk of 

CRC that over-expressed COX-2 (95%CI, 0.52-0.78).18 

2. The phosphatidylinositol 3-kinase (PI3K) signaling pathway: 
The phosphatidylinositol 3-kinase (PI3K) signaling pathway has also been shown to be involved in 

colorectal carcinogenesis. Mutations in PIK3CA (the gene encoding phosphatidylinositol-4,5-

bisphosphonate 3-kinase, catalytic subunit alpha polypeptide) result in the up-regulation of PI3K and 

increase the activity of COX-2 (also known as prostaglandin-endoperoxide synthase 2 (PTGS2)) and 

prostaglandin E2 synthesis, thus leading to the inhibition of apoptosis in colon cancer cells.19, 20 

Aspirin blocks the PI3K pathway, thereby leading to the suppression of cancer cell growth and to the 

induction of apoptosis.4, 19 The effect of aspirin on the prognosis of CRC and associated-mortality 

wasassessed among 964 colorectal cancer patients, with either wild-type PIK3CA or mutated 

PIK3CA.19 Regular use of aspirin significantly improved the survival of patients with mutated-PIK3CA 

colorectal cancer (multivariate hazard ratio (HR) for cancer-related death, 0.18; 95% CI, 0.06 - 0.61; 

P<0.001)and overall survival (multivariate HR for death from any cause, 0.54; 95% CI, 0.31 - 0.94; 

P=0.01).19 

3. The role of the non-steroidal anti-inflammatory activated gene-1 (NAG-1): 
Non-steroidal anti-inflammatory activated gene-1(NAG-1)is a member of the transforming growth 

factor beta(TGF-β) super family.21It has a multifunctional role and regulates several biological events, 

including bone formation, stress responses, hematopoietic development, adipose tissue function, 

apoptosis, and tumorigenesis.21, 22 In CRC cells, NAG-1 expression is positively correlated with 

apoptosis and is inversely correlated with COX-2 expression.21, 23 Increased COX-2 expression in 

colorectal tumors suppresses the expression of NAG-1. Aspirin treatment induces the expression of 

NAG-1, which contributes to its chemopreventive action. 21, 23 

4. Inhibiting the generation of sphingosine-1-phosphate:  

 Another cyclooxygenase-related mechanism of aspirin in CRC chemoprevention is its ability to 

inhibit sphingosine kinase. Sphingosine kinase generates the major product sphingosine-1-phosphate 

(S1-P), which mediates angiogenesis, metastasis and resistance of tumor cells to drug-induced 

apoptosis.24Approximately 50% of S1-P in blood is stored in circulating platelets and is released in a 
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thromboxane-dependent manner.25Aspirin markedly inhibits thromboxane-dependent S1-P release 

from human platelets at antiplatelet doses.1, 4, 26 

5. Other cyclo-oxygenase-dependent mechanisms: 
Aspirin and other non-steroidal anti-inflammatory drugs are well known inhibitors of cyclooxygenase 

enzymes. However, aspirin is unique in that it can acetylate the cyclooxygenase-2 enzyme, thus 

resulting in the generation of aspirin-triggered lipoxin (ATL), a protein with anti-inflammatory and 

anti-tumorigenic functions.4, 27 

COX-2 also promotes carcinogenesis via the peroxidase activity of the PGH-synthase-complex. This 

peroxidase has broad substrate specificity and can use many substrates for co-oxidation. These 

metabolic transformations generate free radicals, which bind to DNA and potentially alter gene 

transcription.4 At low doses, aspirin functions mainly by irreversible inactivation of platelet COX-1 

activity.17 Platelet activation is involved in the early stages of CRC through induction of a COX2-

mediated paracrine signaling pathway between stromal cells and epithelial cells within adenomas.2, 17 

B. Cyclooxygenase-independent pathways: 

I. Aspirin induces pro-apoptotic pathways and autophagy: 

 The nuclear factor kappa-light-chain-enhancer of activated B cells (NFκB) is a transcriptional 

regulator that controls the expression of many genes involved in cell division and apoptosis. NFκB is 

normally sequestered in the cytoplasm, where it is bound by the inhibitor of κB (IκB), a family of 

inhibitory proteins. Aspirin induces IκB-degradation, which leads to NFκB activation. NFκB activation 

and nuclear translation results in enhanced apoptosis.1, 4, 28, 29 

Aspirin also sensitizes tumor cells totumor necrosis factor-related apoptosis-inducing ligand (TRAIL), 

which might act synergistically with the inhibition of COX-2-dependent prostaglandin formation. 

Thus, inhibition of prostaglandin production by aspirin might sensitize tumor cells for apoptosis and 

help to overcome their resistance against apoptotic stimuli.30, 31 The mammalian target of rapamycin 

(mTOR) regulates cell growth, proliferation, motility, survival, protein synthesis, and transcription. 

Aspirin inhibits mTOR signaling and induces autophagy (a feature of mTOR inhibition). These actions 

may contribute to its protective effects against the development of CRC.32 

 

II. Microsatellite instability and mismatch repair (MMR): 

 Aspirin has been found to promote genetic selection for microsatellite stability in human CRC cells 

deficient for a subset of mismatch repair (MMR) genes.33 DNA microsatellite instability associated 

with dysfunction of MMR genes is frequent in hereditary nonpolyposis CRC (Lynch syndrome). 

Aspirin prevents oxidative DNA-strand breaks, and thereby has a protective role against DNA 

instability.34 
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CONCLUSION:  

 Aspirin has different targets through which it exerts its chemo-preventive action, according to its 

relation to cyclooxygenase (COX) enzyme, they are classified into COX-dependent and COX-

independent pathways, both may act synergistically at different levels.  
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