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Colorectal cancer (CRC) is one of the most common malignancies in the world, with a global incidence of almost 2 million

new cases every year. Despite the availability of many diagnostic tests, including laboratory tests and molecular

diagnostics, an increasing number of new cases is observed. Thus, it is very important to search new markers that would

show high diagnostic sensitivity and specificity in the detection of colorectal cancer in early stages of the disease.

Eotaxins are proteins that belong to the cytokine group—small molecules with a variety of applications. Their main role is

the activation of basophils and eosinophils involved in inflammatory processes. On the basis of available literature, we can

assume that eotaxins accumulate in cancer cells in the course of CRC. This leads to a decrease in the chemotaxis of

eosinophils, which are effector immune cells with anti-tumor activity. This may explain a decrease in their number as a

defense mechanism of cancer cells against their destruction and may be useful when attempting anti-tumor therapy with

the use of chemokines.
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1. Colorectal Cancer

Colorectal cancer (CRC) is a disease which usually develops as a result of uncontrolled cell growth in a specific part of

the large intestine. Presence of a tumor in the majority of patients is asymptomatic, and therefore early diagnosis, which is

currently limited to screening methods such as fecal occult blood testing, flexible sigmoidoscopy and colonoscopy, is vital.

Tumor markers such as carcinoembryonic antigen (CEA) or carbohydrate antigen 19-9 (CA 19-9) are also used in CRC

diagnostics, but their diagnostic sensitivity and specificity are insufficient. Therefore, many scientists focus their efforts on

the search for new markers that could facilitate CRC detection in the future and significantly impact the lifespan and

quality of life of patients .

1.1. Epidemiology

According to the World Health Organization (WHO), the global incidence of colorectal cancer (CRC) is almost 2 million

new cases per year, with approximately 880,000 deaths annually. WHO predicts that in 2040, the number of new CRC

cases will exceed 3 million, with the number of fatalities reaching 1.5 million per year. Despite the fact that CRC ranks

second in terms of incidence rates among men and third among women, incidence expressed as a percentage is higher

for men and accounts for almost 11%, while for women it is approximately 9.5%. Colorectal cancer is more common in

developed than in developing countries. In developing countries which are witnessing economic advancement, adoption

of a 'Western lifestyle' and dietary habits characterized by a higher intake of red meat, fat and total calories, along with

increasing life expectancy and population growth, heralds a significant increase in CRC burden. A rise in CRC incidence in

developing countries is also attributed to environmental changes prompted by economic transition .

1.2. Screening and Diagnostics

A lower risk of developing colorectal cancer is associated with a diet rich in vegetables, fruit and whole grain cereal

products, as well as physical activity. Environmental factors such as dietary habits, obesity, smoking and heavy alcohol

consumption have been found to increase CRC risk . Several studies have indicated that calcium or vitamin D3

supplementation may have an anti-disease effect . In addition, it has been proven that chronic use of nonsteroidal

anti-inflammatory drugs (acetylsalicylic acid) reduces the risk of cancer . Not smoking or smoking cessation reduces the

risk of developing many cancers, not only colorectal cancer .

Screening tests are the standard methods for detecting benign lesions—adenomas (primary prevention) and cancers at

an early stage (secondary prevention). There are a few modalities available, i.e., FOBT (faecal occult blood test), FIT

(faecal immunochemical test), colonoscopy, sigmoidoscopy, computed tomographic (CT) colonography or multi-target
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stool deoxyribonucleic acid (mt-sDNA) test .

FOBT and FIT, which are the most commonly used tests because of their high availability and non-invasiveness, should

be performed every 12 months. However, the tests have some limitations—they do not detect pre-cancerous changes and

their sensitivity is fairly low. A positive result is an indication for a colonoscopy. Other screening tests are sigmoidoscopy

and CT colonography. These tests are semi-invasive and should be performed every five years (may be combined with

FOBT). Both have high sensitivity, but their limitations include unpleasant bowel preparation and higher costs. The highest

sensitivity can be obtained using colonoscopy, which should be performed every 10 years. It is the most commonly

utilised modality which, however, carries a risk of bowel perforation or bleeding. The multitarget stool DNA (mt-sDNA) test

is not commonly used, although it is highly sensitive (comparable to colonoscopy, sigmoidoscopy and CT colonography)

and non-invasive, which makes it a very good alternative to invasive tests.

If colorectal cancer is suspected, the diagnostic process should commence with a thorough physical examination,

including a rectal examination. This should be followed by endoscopic procedures which would allow for assessment of

the cancer process. Depending on tumor location, a rectoscopy, a sigmoidoscopy or a colonoscopy enable detection of

the tumor and possible coexisting changes, as well as allowing for sample collection for histopathological examination. In

order to verify the presence of synchronous tumors, every patient with the diagnosis of colorectal cancer should have a

complete preoperative colonoscopy. If the examination cannot be performed (i.e., tumor narrowing the intestinal lumen), it

should be conducted after surgery .

In order to determine the stage of cancer development (surgery, presence of regional lymph node metastases or distant

metastases), imaging tests are performed. An ultrasound or CT scan of the abdomen and pelvis, as well as a chest x-ray

in the anteroposterior and lateral projection, may constitute the basis for diagnosis. In the case of potentially operable

colorectal cancer, a CT scan of the abdomen and pelvis should be accompanied by a CT scan of the chest. In order to

accurately determine the severity of rectal cancer (depth of mesorectal infiltration, presence of regional lymph node

metastases) and to plan optimal therapeutic management (primary surgery or preoperative radiotherapy), pelvic magnetic

resonance imaging is necessary. A transrectal ultrasound scan is not a routinely used modality in preoperative diagnosis

of rectal cancer, due to insufficient imaging coverage, and is considered inferior to magnetic resonance imaging. Positron

emission tomography (PET-TK) is performed when CT scan results are inconclusive (suspected metastases), or when

potentially resectable metastases are present, in order to exclude other metastatic foci .

Laboratory tests can also be used in CRC diagnosis. Markers such as CEA and CA 19-9 are routinely determined in

patients with colorectal cancer. However, they are not used in screening tests, due to their relatively low sensitivity and

diagnostic specificity. Therefore, establishing new markers that would have high diagnostic sensitivity and specificity to

detect colorectal cancer at its earliest stage is important .

2. Eotaxins and Their Receptors in Colorectal Cancer

The first eotaxin was discovered in 1994 by Williams et al. , at the National Heart and Lung Institute in London. The

authors described a new protein which was able to selectively recruit eosinophils . Other researchers confirmed the role

of the newly described protein as a potent eosinophil chemoattractant cytokine. They also succeeded in describing its

main receptor—CCR3 (CC chemokine receptor 3) . A few years later, when other eotaxins were described, they were

named using Arabic numbers (Eotaxin-1, -2, -3) .

Eotaxin-2 and -3 can only bind to the CCR3 receptor, but Eotaxin-1 can bind to some other receptors such as CCR2 and

CCR4, but it shows highest selectivity for CCR3.

It has been proven that eotaxins are potent stimulators of some types of cells. Eotaxin-1 (also called CCL 11) is

considered a chemoattractant for eosinophils, but not mononuclear cells. The specific eosinophils activated by Eotaxin-1

are mainly implicated in inflammatory diseases, such as atopic dermatitis, allergic rhinitis, asthma and parasitic infections.

Eotaxin-2 (CCL 24) is considered a chemoattractant for resting and activated T cells, while Eotaxin-3 (CCL26) is a

chemoattractant for eosinophils and basophils and may contribute to the accumulation of eosinophils in atopic diseases.

Allergic diseases, in which all eotaxins are involved, belong to a group of inflammatory diseases. Therefore, it can be

presumed that in all inflammatory diseases in which mainly eosinophils, but also basophils or T lymphocytes are activated,

the concentration of these proteins is elevated. Malignant tumors, including colorectal cancer, are one of these diseases.

Although the association between eosinophils and cancer was described over a century ago, their exact role in the

disease has not yet been defined. Recent observations have revealed that they exhibit regulatory functions towards other

immune cells in the tumor microenvironment or direct cytotoxic functions against cancer cells, leading to anti- or pro-tumor

activity. It can also be presumed that the pathogenetic mechanism of eotaxin participation in CRC development is closely
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related to the presence of a large number of eosinophils. These cells are present in tissues with substantial cellular

turnover and regenerative capacity, such as colon and rectum, and their presence is critically regulated by eotaxins. This

can also explain the presence of eosinophils at sites of wound repair and the commonality of eosinophil infiltrate among

solid tumors.

2.1. Eotaxin-1

Physiologically, Eotaxin-1 is expressed in the mucosa of the gastrointestinal tract and may play a role in ulcerative colitis

and other gastrointestinal disorders . Importantly, high plasma or serum levels of Eotaxin-1 have been demonstrated in

inflammatory bowel disease  and colorectal cancer. By contrast, Wågsäter et al. found lower concentrations of Eotaxin-

1 in 67 CRC patients when compared to 103 healthy subjects. Moreover, in the same paper, the authors reported higher

Eotaxin-1 concentrations in tissue lysates from CRC patients in comparison to non-cancerous tissue. To determine its

origin, the authors performed immunohistochemistry staining and found immunoreactivity in stromal cells (fibroblasts and

leukocytes). This may indicate that Eotaxin-1 accumulates in tumor tissue. However, due to the divergence in the results

obtained by different authors, the findings need to be corroborated in a larger cohort. Cho et al. found higher expression of

Eotaxin-1 in stromal cells, when compared to glandular cells. They indicated that it might help to explain the decreased

number of tissue eosinophils, which was also examined in the study, in CRC progression. The authors pointed out that

eosinophils ar effector immune cells with anti-tumor activity. This may explain a decrease in their number as a defense

mechanism against cancer cell destruction. This fact may be useful when attempting anti-tumor therapy with the use of

chemokines. Similar results were obtained by Lang et al. The researchers also checked the influence of MS-444

treatment (inhibitor of human RNA-binding (HuR) protein involved in cancer progression) on Eotaxin-1 concentration, but

the results were not significant. Different authors have revealed that the in vivo transfer of CD40L into cancer cells induces

the expression of some cytokines, including Eotaxin-1. This procedure helps to enhance the anti-cancer e ect and

increase immunity. This impacts tumor regression, not only locally, but also in remote locations, and contributes to

reducing the possibility of tumor metastasis. Interestingly, Krzystek-Korpacka et al. examined di erences in the levels of

several chemokines, including Eotaxin-1, in the early postoperative period after open and robotic colorectal surgery. They

proved that Eotaxin-1 concentrations decreased linearly in the whole cancer group after both types of surgery.

Interestingly, after study participants were divided into groups according to the American Society of Anesthesiologists

(ASA) physical status classification system, some of them (ASA 1) showed an increase in the concentration of this

chemokine after 24 and 72 h. The cause of the increase in Eotaxin-1 concentration in patients without comorbidities

(according to the ASA classification system) was not established. However, it can be hypothesized that a healthy

organism, as in the case of patients classified as ASA 1, responds with an increase in certain factors faster than an

organism burdened with comorbidities. These factors also include chemokines as proteins associated with inflammation

resulting from surgery, regardless of the type of surgical procedure. In this regard, it would be interesting to investigate

how eotaxin levels present in patients with ASA > 1. In addition, an increase in Eotaxin-1 concentration correlated

positively with an increase in IL-1 , TNF  and IL-6 concentrations, and negatively with surgery duration in the case of open

colorectal surgery. In regard to robotic surgery, Eotaxin-1 correlated only with IL-1  and TNF. Studies conducted by Shiels

et al. on a mixed group of 1819 prostate, lung, colorectal and ovarian cancer patients demonstrated that cigarette smoking

can also a ect Eotaxin-1 concentration. Smoking increases it significantly. CCL11 levels were found to be far lower in

former smokers, suggesting a decrease in Eotaxin-1 concentration after smoking cessation. Interestingly, in these studies,

the number of cigarettes smoked per day and smoking duration were not found to be statistically significant. This is due to

the appearance of large numbers of irritants in the lungs and the secretion of CCL11 by eosinophils accumulating in the

respiratory tract, leading simultaneously to the generalized

inflammatory state of studied patients. Additionally, studies conducted by Zhu et al. on prostate cancer cell lines (DU-145)

revealed that CCL11 can promote cancer cell migration and invasion by the activation of the CCR3-ERK

pathway and the upregulation of matrix metalloproteinase 3 (MMP-3). The authors also indicated that knockdown of

CCR3 may have an inhibitory e ect on the invasion and migration of DU-145 cells. This attenuates the activation of

ERK1/2 and expression of metalloproteinase induced by CCL11. Inactivation of the ERK pathway also suppresses the

invasion and migration promoted by CCL11, and contributes to decreased MMP-3 expression. The above findings may

have important clinical applications as therapies that could block CCL11, and CCR3 may be useful in cancer treatment.

Tripathi et al. demonstrated on breast cancer cells a very important role of tissue macrophages (TAMs) in the process of

tumorigenesis. During this process, TAMs undergo phenotype, switching to acquire a pro-tumor phenotype and promote

tumor progression. They preferentially accumulate in hypoxic/necrotic regions of the tumor and their presence in high

numbers is strongly associated with poor patient prognosis. Hypoxic tumor cells exhibit upregulated intracellular levels of

eotaxin and oncostatin M, which in turn is accompanied by their enhanced release in the culture supernatant.

Interestingly, protein synthesis inhibitor cycloheximide can suppress the release of oncostatin M and eotaxin. This

demonstrates that the release of these cytokines is essentially dependent on their de novo synthesis. A blockade of

eotaxin/oncostatin M prevents hypoxic cancer cells from recruiting macrophages.
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2.2. Eotaxin-2

The effects exerted by CCL24 on basophils and eosinophils are similar to those produced by CCL11. The main source of

Eotaxin-2 in the human body are fibroblasts, epithelial cells and macrophages. Eotaxin-2, the same as Eotaxin-1, shows

higher expression in stromal cells in comparison to glandular cells in colorectal cancer tissues. Cho et al. revealed that

both of these proteins might help to explain the decreased number of eosinophils in CRC development, since a reduction

in their number may constitute a defense mechanism against the destruction of cancer cells. Additionally, Cheadle et al.

revealed that Eotaxin-2 is one of the chemokines whose elevated levels were found in biopsy samples of primary

colorectal cancer and adjacent liver metastases (as a metastatic tumor of colorectal origin). Interestingly, the surrounding

non-neoplastic tissues expressed far less Eotaxin-2, suggesting that the presence of this chemokine may be specific to

this particular tumor type and might play a role in the conditioning of the tumor microenvironment. The study also

confirmed the reports of other researchers that CCL24 shows high expression in CRC tissues. Some authors have also

found that high plasma levels of Eotaxin-2 are exclusively associated with cancer-specific mortality.

2.3. Eotaxin-3

Eotaxin-3 has similar localization and functions to Eotaxin-2. Physiologically, it is expressed in heart and ovarian tissue,

dermal fibroblasts and endothelial cells. In a paper by Lan et al. on CCL26, the authors revealed that Eotaxin-3 has similar

properties to those of Eotaxin-2 described by Cheadle et al. Eotaxin-3 showed high expression in colorectal cancer and

liver metastatic tissue samples. Additionally, the expression of this protein increased with the TNM stage of cancer and

showed a positive correlation with PRL-3 (phosphatase of regenerating liver-3), which is an important factor in CRC

invasion and metastasis. Importantly, these parameters were strongly correlated with lymph node metastasis, distant

metastasis, poorly di erentiated tumor and high TNM stage, which leads to poor prognosis for CRC patients. Both

publications may indicate the significance of eotaxins in the course of CRC. Perhaps extensive research, not limited to the

expression of the examined proteins in tissues, but also exploring their serum concentrations, conducted on a larger

cohort would allow for determination of a cut-o  point for eotaxins concentrations, which would significantly improve cancer

detection. It is commonly known that CRC is frequently asymptomatic and routine screening could increase the detection

rate of this type of cancer and reduce its mortality.

2.4. Receptor for Eotaxins

CCR3 is a receptor, not only for eotaxins, but also other chemokines. CCR3 can be found on the surface of eosinophils

and basophils in blood and on macrophages in the spleen. In a paper by Lan et al., CCR3, similarly to CCL26, showed

high expression in tumor tissues (both primary CRC and liver metastases) and was strongly correlated with lymph node

metastasis, distant metastasis, poorly di erentiated tumor and high TNM stage, which indicates poor prognosis for CRC

patients. Cheadle et al. also confirmed CCR3 expression on T lymphocyte cells, which suggest that the immune cells

gene can be modified to express a chemokine receptor which has improved tumor-homing abilities. In addition, Cho et al.

found that CCR3 expression was significantly higher in liver metastases when compared to their corresponding primary

colorectal cancer tissues. The authors suggested that the malignant status of CRC cells might be correlated with CCR3

expression. Their findings were confirmed with the use of HT29 CRC cell line in a paper by Devaud et al. where CCR3

showed high expression. The authors also demonstrated that CCR3 can have an anti-tumor effect correlated with delayed

tumor growth. Their research revealed that the pre-incubation of HT29 cells with anti-CCR3 results in a loss of their ability

to delay tumor growth.

Interestingly, scientists from Wageningen found that there were di erences between male and female mice gene

expression in the intestine. One of those genes was the CCR3 gene, which showed dominant expression in female mice.

These findings should be taken into consideration in further studies on human tissue, to better understand the mechanism

of cancer development in both sexes. These di erences may also explain discrepancies in cancer incidence rates

between males and females. These may be due to the presence of CCR3, which is a receptor for eotaxins with anti-

cancer properties. In addition, CCL7 is the most commonly described chemokine in combination with CCR3 in the course

of CRC. Lee et al. demonstrated that HCT116 and HT29 cell lines show a high expression of CCR3 in patients with CRC

and that CCR3 expression is stimulated by high CCL7 expression, particularly in HT29 cells. Other researchers have also

indicated an important role of the complex between VEGF-A and CCL7-CCR3 axis as a key node in the extracellular

matrix of CRC cells in early metastatic stages. They have demonstrated that chemotaxis of inflammatory cells during this

period (from stage II to III TNM) decreases in extracellular matrix and it might be connected with the established

connection between CCL7-CCR3 and metalloproteinases (MMPs)/chemotactic factor family.



3. Conclusions

Explaining the role of eotaxins in CRC is difficult, due to a very small number of publications on the subject. The majority

of published papers indicate that eotaxins and their receptor (CCR3) show high expression in cancer tissues when

compared to healthy controls. Serum or plasma concentrations of these parameters show no significant di erences

between CRC and controls. Therefore, it can be hypothesized that eotaxins accumulate in cancer cells in the course of

CRC, leading to a decrease in chemotaxis of eosinophils, which are e ector immune cells with anti-tumor activity. This

may explain a decrease in their number as a defense mechanism against the destruction of cancer cells. Thus, it is

important to continue research on eotaxins and their receptor, in order to confirm these hypotheses.
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