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Abstract 

 

Colorectal cancer is a major public health problem and the 

majority of deaths associated with the disease are the result of 

metastatic spread to the liver. The biology of colorectal cancer 

metastasis is slowly being unraveled and involves multiple 

mechanisms that provide the cancer cell with an advantage for 

invasion, survival in the circulation and for implantation and 

growth in the liver. A glycoprotein tumor product that seems 

to offer an advantage in all these areas is carcinoembryonic 

antigen (CEA, CEACAM5, CD66e). While the function of 

CEA in normal tissues is still a subject of speculation, CEA 

seems to play a critical role in cancer and is involved in 

multiple mechanisms that are designed to provide the cancer 

cell with an advantage to invade and metastasize. These 

mechanisms include induction of changes in the tumor 

microenvironment at both the primary and distant metastatic 

site, protection against both apoptosis and cytotoxicity and 

implementation of angiogenisis. Thus, this review is focused 

on the role of CEA in promoting colorectal cancer progression 

and metastasis especially to the liver. 
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1. Introduction/Background: 

    
Carcinoembryonic antigen (CEA) is a well-

known glycoprotein marker for colorectal and 

other epithelial cancers. The discovery of 

CEA in 1965 [Gold and Freedman 1965], 

marked a turning point in the study of cancer 

and led to what might be called the age of 

tumor markers. CEA was the first 

commercially available tumor marker and 

may be considered the prototype [Zamcheck, 

1981]. While the early studies on CEA 

showed great promise, the hope that CEA 

levels could be used as a screening test for 

colorectal cancer was not satisfied.  CEA was 

found not to be specific to any particular 

cancer and the high false positive and false 

negative results made its use for early 

detection of colon cancer unfeasible. 

Nevertheless, CEA is the most used serum 

marker for colorectal cancer and give an 

indication of prognosis [Dhar et al 1972, 

Duffy et al, 2001, Moertel et al, 1986] It has 

also been used successfully for the detection 

of recurrences following surgery in colorectal 

cancer patients and can often detect new 

tumor growth before the onset of clinical 

symptoms [Arnaud et al, 1980, Goldstein et 

al, 2005].  CEA is also used for the detection 

of occult tumor using radiolabeled CEA 

specific antibodies (radioimmuno-detection) 

though lack of sensitivity has precluded its 

routine use [Goldenberg, et al, 1980].  CEA is 

also used as a target antigen for treatment 

using radioimmuno-therapy [Behr et al, 

1996].  There are also ongoing investigations 

into CEA as a target antigen for 

immunotherapy [Kaufman et al, 1991, Morse 

et al, 2003, Ueda et al, 2004, Bacac, 2016]. 

Though CEA has not lived up to its initial 

promise it is useful in clinical medicine and 

studies of CEA are still ongoing particularly 

in immunotherapy.   Until the cloning of its 

gene in 1989 [see Thompson et al 1991] very 

little was known about the molecular structure 

of CEA and its function in both normal and 

malignant tissues was unknown. Structural 

information was limited to CEA being an 

180kD glycoprotein with about 60% N-linked 

sugar chains and 6 disulfide bridges [Thomas 

et al 1990]. Serum CEA was elevated in a 

number of different cancers including breast, 

stomach lung and thyroid but its major use 

was as a marker for colorectal cancers [Jessup 

and Thomas, 1998].  Initially thought to be 

tumor specific later studies showed moderate 

serum elevations of CEA in benign conditions 

including inflammatory bowel disease, heavy 

smokers and a variety of liver diseases 

including hepatitis and cirrhosis [Thomas and 

Zamcheck 1983]. Once the gene was cloned 

further studies showed that CEA was one 

member of a family of 28 genes and this 

family was related to the much larger 

immunoglobulin super family [Hammerstrom 

1999]. A nomenclature for the complete CEA 

family of proteins can be found in 

Beauchemin, et al 1989. 

While some earlier studies had been done on 

the metabolism of CEA including its 

interaction with macrophages [Toth et al 

1985] and its potential role in promoting liver 

metastasis [Thomas et al 2011] it was only 

after 1989 that information on its possible 

function(s) became forthcoming. One of the 

first clues to function came when it was 

shown that CEA and other members of its 

gene family could participate in homotypic 

binding [Benchimol et al 1989; Beauchemin, 

and Arabzadehl 2013]. These interactions 

though weak were sufficient to cause 

adhesion between cells expressing CEA on 

the cell surface [Benchimol et al 1989, 

Thomas et al 1995]. Further the greatest 

elevations in serum CEA is associated with 

liver metastasis in colorectal cancers and is an 

indicator of poor prognosis [Zamcheck, 1981; 

Jessup and Thomas, 1998]. Thus a role for 

CEA in the establishment of colorectal cancer 

liver metastasis was proposed [Jessup and 
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Thomas, 1989] In this review we will 

examine the biology of CEA in reference to 

its function in the formation of distant 

metastasis particularly in the liver and also its 

potential function at the site of the primary 

tumor. The scope of this review is restricted 

to colorectal cancers though many of the 

functions ascribed to CEA may also impact 

other cancers. 

2.  Carcinoembryonic Antigen (CEA, 

CEACAM5, CD66e). Structure and 

Function. 

CEA is a relatively large glycoprotein with a 

molecular weight in the region of 180kD. 

About 60% of this mass is composed of N-

linked complex carbohydrate chains 

[Chandrasekeran et al. 1983]. These 

carbohydrate chains confer great solubility to 

the molecule. The protein backbone 

comprises of 651 amino acids that are 

arranged in 7 immunoglobulin-like domains. 

These domains comprise of an N-terminal V 

like immunoglobulin domain followed by six 

IgC domains each of which are stabilized by a 

disulfide bridge. In the mature protein there is 

a GPI tail that allows anchorage to the plasma 

membrane. This tail can be cleaved by 

phospholipases to release CEA from the cell 

[Sack et al, 1988]. 

CEA is produced in the normal colon and is 

located on the apical membrane of mature 

colonocytes. CEA released from the 

membrane is secreted into the lumen of the 

colon.  In cancer CEA is distributed 

throughout the plasma membrane. The normal 

function of CEA is unclear. However, it can 

act as a receptor for bacteria and this likely 

confers protection to the normal colonic 

mucosa [Leusch et al, 1990, 1991]. Whether 

CEA performs functions in cancer cells that 

are distinct from the normal colonocyte, is not 

known.  

 

 

 

2.1 The CEA Receptor (CEAR, hnRNP 

M) 

The CEA receptor was first identified in 

Kupffer cells (hepatic fixed macrophages) as 

an 80kD surface protein that bound with CEA 

[Toth et al 1982]. Subsequently the gene for 

this protein was cloned and sequenced 

(Bajenova et al 2001). The CEA receptor thus 

cloned was found to be identical to the 

heterogeneous RNA binding protein (hnRNP) 

M4 and showed approximately 97% sequence 

homology between human and rat genes. 

[Bajenova et al 2001]. Four isoforms of 

hnRNP M have been described [Datar et al 

1993] and two of these are known to bind 

CEA [Bajenova et al 2001]. One isoform 

(hnRNP M4) which was originally identified 

as the CEA receptor is 38 amino acid shorter 

than the longer form due to a deletion 

between the first and second RNA binding 

domains. The longer form also binds CEA; 

however the two other isoforms have not been 

investigated for interaction with CEA so their 

function in this respect is not known 

[Bajenova et al 2001].  CEAR is a highly 

expressed protein that is involved in binding 

both RNA and DNA. It also functions in the 

transport of mRNA to the cytoplasm [Marko 

et al 2010]. Though CEAR is most commonly 

expressed in the nucleus it can also be found 

both on the cell surface and in the cytoplasm 

of Kupffer cells [Bajenova et al, 2003]. In 

macrophage cell lines such as THP-1 CEAR 

is not expressed on the cell surface until the 

cells are activated by phorbol ester when 

CEAR translocates from the nucleus to the 

cell surface [Aarons et al 2007]. CEAR was 

also shown to bind to CEA in HT-29 colon 

cancer cells although the functional 

significance of this is not known [Laguinge et 

al 2005]. It has been suggested that both CEA 

and CEAR may be involved with the 

resistance of cancer cells to anoikis (induction 

of apoptosis when cells are unattached to 

extracellular matrix) [Soeth et al 2001, 
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Samara et al 2007]. Binding of CEA to CEAR 

occurs via a penta-peptide motif (PELPK) 

located at the hinge region between the 

CEA’s N-terminal and first immunoglobulin 

loop domain. More recently it has been shown 

that PELPK binding occurs at the C-terminal 

end of CEAR and overlaps the third RNA 

binding domain [Palermo et al 2012]. This 

interaction produces cytokines by activating a 

signaling cascade and these cytokines alter 

the liver microenvironment such that it 

becomes more hospitable to the implantation 

and growth of the cancer cells 

[Gangopadhyay et al 1996, Gangopadhyay et 

al, 1998; Aarons et al 2007]. Production of 

both IL-6, IL-1, TNF-α and IL-10 by CEA 

stimulated Kupffer cells increases the survival 

and subsequent growth of weakly metastatic 

human colorectal cancer cells by upregulating 

endothelial cell adhesion molecules (CCAM-

1, V-CAM-1 and E-selectin) and protecting 

against cytotoxicity in experimental models 

for liver metastasis [Thomas et al 2011]. 

Mutations in the PELPK motif results in 

extremely elevated serum CEA levels. These 

patients also tend to not develop liver 

metastasis [Zimmer and Thomas, 2000]. A 

similar situation is seen in the Cotton-top 

Tamarin that shows alterations in the PELPK 

sequence. Though they have a high incidence 

of colorectal cancers they also have a high 

CEA serum level and few if any liver 

metastasis [Tobi et al, 2011, Tobi et al 2016]. 

In general hnRNP proteins have been shown 

to be actively involved in cancer metastasis 

having a role in apoptosis, angiogenesis, cell 

invasion and involvement in the epithelial 

mesenchymal transition [Han, et al 2013). 

Using quantitative proteomics Chen et al 

(2013) suggested a role for hnRNP M 

specifically, as a biomarker for colorectal 

cancer. 

 

 

 

3. CEA: a Promotor of Metastasis in 

colorectal cancer 

Elevated serum CEA levels are associated 

with liver disease [Thomas and Zamcheck 

1981]. Further the liver is the major organ for 

clearance of CEA from the circulation. CEA 

accumulates in Kupffer cells (liver fixed 

macrophages) is modified and passed to 

hepatocytes via the asialo-glycoprotein 

receptor for final degradation [Toth et al 

1982, Toth et al 1985].  A study by Jessup et 

al, (1988) showed that the growth potential of 

tumors from patients with CEA >5ng/ml was 

greater than that for patients with normal 

levels (<2.5ng/ml). In a follow up study with 

82 patients he showed that metastatic 

potential (i.e. ability to grow in the liver) was 

also correlated to serum CEA levels. (Jessup 

et al 1989). Taken together, these 

observations suggested an association 

between CEA and liver metastasis in 

colorectal cancer.  

 

3.1. Colorectal Cancer 

In the Western world, colorectal cancer is a 

major public health problem {Torre et al 

2015]. In the United States, colorectal cancer 

is the second leading cause of cancer-related 

deaths and the third most common cancer  

that affect both men and women in equal 

proportions [Siegel, 2015]. The majority of 

these deaths (70%) are related to distant 

metastases. It is estimated that at the time of 

surgery for their primary colorectal cancer, 

approximately 10-25% of patients will have 

liver metastasis [Fortner et al 1984. Ruers et 

al 2002]. Another 20-30% will develop liver 

metastasis following resection of the primary 

colorectal cancer [Kemeny et al 1989]. 

Treatment options for patients with liver 

metastasis are limited. Few patients benefit 

from surgical removal of the liver tumors as 

most are not operable. With the extent of liver 

involvement being such a strong prognostic 

factor of median and 5-year survival rates 
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[Milikan 1997], it is imperative to investigate 

the mechanisms underlying the metastatic 

processes in colorectal cancer with a view to 

improving therapeutic options.   

3.2 Colorectal Cancer Metastasis 

The 5-year survival rate for patients with 

localized colorectal cancer is between 80-

90%. However, those patients with distant 

metastases, most commonly to the liver and 

lung, have a 5-year survival rate of only 10-

20% [Fortner et al 1984]. The unique 

circulatory system of the liver makes it a 

common site for metastatic invasion from 

gastrointestinal malignancies. Although only 

a subset of patients are suitable candidates, 

complete surgical resection of all liver 

metastasis does increase the 5-year survival 

rate [Bengtsson et al 1981]. However, it is 

estimated that relapse after resection  occurs 

in approximately 75% of patients [Rees et al 

2008].  

Of those patients in whom metastases to the 

liver develop, approximately 25% of these  

will be candidates for surgical resection 

[Nordlinger et al 1996]. The introduction of 

fluorouracil combined with levamisole as an 

adjuvant therapy was a major advance in 

colorectal cancer treatment. Notably, Moertel 

et. al (1995) demonstrated that in patients 

with stage III disease, the drug combination 

showed a 33% reduction in mortality rate 

following surgical resection as compared to 

the surveillance group [Adson et al 1987]. 

However, in the context of hepatic metastasis, 

chemotherapeutic agents have proved much 

less efficacious. Systemic chemotherapy for 

metastatic colorectal cancer to the liver offers 

potential palliative management, but less than 

one-third of patients will respond and long-

term survival is rare [Moertel et al]. Regional 

chemotherapy through hepatic arterial 

infusion (HIA) shows a better response rate 

compared to systemic chemotherapy, but no 

survival benefit between local and systemic 

chemotherapy has been demonstrated [Fong 

et al 1996; Hughes et al 1996. Vernook et al 

1996]. Although the incorporation of 

oxaliplatin-based chemotherapy has improved 

overall survival in metastatic colorectal 

cancer  recurrence rates over a five year 

period range from 20% to 75% [Andre et al 

2004].    

The high recurrence of liver metastaseis 

following liver resection suggests that 

undetected disease remains, either at the 

primary or metastatic site, or elsewhere. 

Patients with node-negative disease, recur at a 

very low rate for Stage 1 but up to 30% for 

stage II advances. The treatment of hepatic 

metastasis is therefore, still a major clinical 

problem.  Thus more information on the 

mechanisms of metastasis development is 

needed if more effective therapies are to be 

designed. Because of the relationship with 

liver disease and colorectal cancer a study of 

CEA as a mediator for metastasis and its 

possibility as a target molecule is likely to 

throw insight into possible therapeutic 

advances  

 

3.3 CEA as a Mediator of Colorectal 

Cancer Liver Metastasis 

In colorectal cancers CEA is associated with a 

more differentiated phenotype. The CEA 

producing cells were more metastatic to the 

liver in a mouse model of hepatic metastases 

[Wagner et al 1992, Tibbetts et al 1993]. 

Colorectal cancer cells that produce low or no 

CEA are less well differentiated with none or 

few glandular structures, and are poorly 

metastatic to the liver [Wagner et al, 1989, 

Thomas et al 1995]. Intravenous injection of 

CEA in nude mice prior to intra-splenic 

injection of weakly metastatic human 

colorectal cancer cells significantly increased 

the number of mice with tumor deposits in the 

liver [Hostetter et al. 1990], suggesting a role 

for circulating CEA in liver metastasis 

development.  Transfection of tumor cells 

with low CEA production, with the CEA gene 
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also results in increased metastatic potential 

[Hashino et al 1994, Thomas et al 1995]. 

These cells have a more mesenchymal like 

morphology and an increased capacity to 

invade through Matrigel [Danaker et al 1989]. 

CEA has been associated with a mechanism 

that increases the metastatic potential of the 

cancer cells to the liver and the lungs [Toth et 

al.1989] by interacting with the CEAR 

expressed on Kupffer cells and lung alveolar 

macrophages. [Bajenova et al, 2001]. CEA 

binding to CEAR induces the expression of 

pro-inflammatory cytokines (IL-6, IL-1β and 

TNF-α) that allow adhesion of tumor cells to 

the liver sinusoidal epithelium by increasing 

adhesion molecules such as ICAM-1 

[Gangopadhyay, 1998, Jessup et al 2004]. 

Release of IL-8 may also affect metastatic 

potential of the tumor cells [Wang et al 2017]. 

Toxic levels of nitric oxide and other reactive 

oxygen species can be released during liver 

metastasis formation by blockage of the 

sinusoids by cancer cells. This hypoxia 

initiates the synthesis of ROS. Release of IL-

10 by CEA activated macrophages protects 

the cancer cells from cytotoxicity due to 

hypoxia by inhibiting inducible nitric oxide 

synthetase (iNOS) and inhibiting production 

of ROS particularly from endothelial cells 

[Jessup et al, 2005,]. This reduces the chances 

of cancer cell death and is another mechanism 

by which CEA gives the metastatic tumor cell 

a survival advantage.  

The effects of alcohol on the development of 

cancer including liver breast and colon are 

well known and is a public health problem 

[Boffetta et al 2006, Rehm et al, 2014, Nelson 

et al. 2013]. However, very little is known 

about the potential effects of alcohol ingestion 

on the development of liver metastases from 

other primary sites including colorectal cancer 

[Stangle et al, 1994; Maeda et al, 1998]. 

Recent studies have suggested a role for CEA 

in this process. Early studies in rhesus 

monkeys fed an alcohol containing diet 

showed impaired clearance of CEA from the 

circulation [Thomas et al, 1982].  When CEA 

metabolism in the liver is impaired by 

alcohol, circulating levels of CEA are raised 

and Kupffer cells become more sensitive to 

CEA, increasing cytokine production and 

inflammatory changes conducive to cancer 

cell implantation and growth. [McVicker et al 

2013, Mohr et al, 2017]. This may represent a 

mechanism for increased liver metastasis in 

the alcoholic with colon cancer. 

CEA has also been implicated in other pro-

metastatic mechanisms including the 

promotion of angiogenesis [Bramswig, et al 

2013] and the inhibition of anoikis [Ordonez, 

et al 2000]. TGF-β signaling is important for 

tumor progression [Massague, 2008] and 

CEA has been shown to interact with the 

TGF-β receptor and interferes with signaling 

in colorectal cancer [Li et al 2010]. CEA and 

its family member CEACAM-6 are also 

targets for Smad3 related TGF-β signaling. 

Active TGF-β signaling increases CEA 

synthesis by increasing the activity of the 

CEA promotor. [Han et al, 2008]. Chen et al 

2016, have also shown increased CEA in 

adenomas associated with reduced TGF-β 

signaling. Li et al 2016 showed that both 

TNF-α and TGF-β1 produced by 

macrophages can increase the rate of 

migration of breast cancer and melanoma cell 

lines using a matrix metalloproteinase 

dependent mechanism. As both TNF-α and 

TGF-β1 production by macrophages can be 

influenced by soluble CEA, at least in 

colorectal cancer, this suggests a further 

mechanism for CEA involving migration at 

the primary site and could represent an 

additional role for CEA in the development of 

a metastatic phenotype.  Therefore a number 

of systems that can be effected by CEA, all 

seem to give the tumor cell a selective 

advantage to invade metastasize and survive.   

. A summary of CEAs role in the metastatic 

cascade can be seen in Figure 1. The next 
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sections of this review will provide additional insights into these areas. 

 

 
 

 

4. CEA an Adhesion Molecule. 

Previous work has shown a direct role for 

CEA in promoting cell/cell adhesion. CEA 

and other members of its family can form 

homotypic complexes [Benchimol et al, 1989, 

Zhou, et al 1993] that can result in increased 

cell aggregation. These homotypic adhesions 

occur between the N and A3B3 

immunoglobulin-like domains of CEA 

through protein/protein interactions. In spite 

of the high degree of glycosylation (over 50% 

of MW) the highly branched N-linked sugar 

chains do not seem to be involved in this 

binding. Binding between CEA producing 

cells can be inhibited by anti CEA antibodies 

(Benchimol et al 1989) Up-regulation of CEA 

in normally non-CEA producing colorectal 

cancer cell lines results in clumping of the 

cells presumably by the formation of these 

homotypic interactions between CEA on the 

surface of adjacent cells. A more recent study 

has also shown interactions between CEA and 

proteins in cell junctional complexes 

[Bajenova, et al. 2014] and these may also 

contribute to changes in intra-cellular 

adhesion. These studies showed that CEA 

overexpression disrupted interactions between 

adherens junction proteins. These proteins 

(cadherins and catenins) are needed to 

maintain the function of adherens junction 

complexes, and influence both cell signaling 

and epithelial tissue architecture. These 

changes may also effect the epithelial 

mesenchymal transition (EMT) a process that 

is important for both invasion and metastases 

[Baum et al 2008, Hugo et al 2007] 

5.  Anti-Apoptotic Effects of CEA 

Apoptosis is an important biological process 

that regulates cell numbers. In cancer this 

process can go awry and reduced apoptosis 

can contribute to increased cell growth in 

cancer (Shanmugatherson and Jothy 2000). .A 
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number of studies have shown that CEA is an 

inhibitor of anoikis a form of apoptosis that 

occurs when cells are unable to attach to a 

matrix (Ordonez 2000. Soeth 2001).  The 

mechanism of the anti-apoptotic effect of 

CEA relates to inhibition of the death receptor 

DR5 (Trail R2). (Samara et al 2007, 

Camacho-Leal et al 2008). Site directed 

mutagenesis studies showed that there was a 

requirement for the CEA/CEAR five amino 

acid binding sequence PELPK for interaction 

and inhibition of DR5 [Samara et al 2007]. 

This suggests that CEAR is also involved in 

this inhibition and it may be the CEA/CEAR 

complex that binds with DR5 though this 

remains to be proven. Camacho-Leal 2008, 

have suggested that CEA can also inhibit 

anoikis by inactivating the intrinsic caspase 

death pathway through CEAs GPI linkage. 

This inhibition of anoikis either through the 

PELPK sequence or the GPI link gives CEA- 

producing cancer cells a survival advantage 

particularly when they become detached and 

travel through the circulation to a distant 

metastatic site. Wirth et al, (2002) also 

showed that inhibition of CEA production in 

colon cancer cells increased their rate of 

apoptosis and inhibited lung metastases in a 

nude mouse model. Recently Yan et al (2016) 

have also reported that the protection of cells 

from anoikis by secreted CEA may enhance 

metastasis and could be a target for therapy. 

This data shows that CEA plays an important 

part in protecting cancer cells from 

programmed cell death and thus provides 

another mechanism for tumor cells to survive 

and proliferate. 

 

6. CEA as a Pro-Angiogenesis molecule 

It has been known for some time that the CEA 

related transmembrane receptor CEACAM-1 

has a role in angiogenesis. (Kuesport 2006, 

Ergun 2000). The first indication that CEA 

itself may have a direct effect on angiogenisis 

was reported by Bramswig et al, 2013. 

Because CEA is a secreted molecule it can 

react directly with CEAR on the surface of 

endothelial cells Bramswig et al(2013), 

showed that CEA was pro-angiogenic via a 

VEGFR independent mechanism and secreted 

(soluble) CEA can directly activate 

endothelial cells via integrin β3 signaling 

[24,47].  In vivo they showed angiogenesis 

was reduced when CEA production was 

inhibited. The same group (Praeger et al 

2014) also reported that the response of 

patients to the anti VEGF antibody 

bevacizumab inversely correlated with plasma 

CEA levels. In addition to the mechanism 

proposed by Bramswig et al (2013) we 

propose that CEA can also influence 

angiogenisis in a less direct way. CEA can 

interact with Kupffer cells and other 

macrophages to secrete certain cytokines 

including the pro-angiogenic cytokines IL-6 

and IL-8.  In Pseudomyxoma Peritonei (PMP) 

a peritoneal surface cancer, large amounts of 

IL-6 and IL-8 are secreted into the ascites 

associated with this disease [Lohani et al, 

2014) and these cytokines appear to originate 

from stromal cells rather than the tumor itself 

[Kuracha et al 2016]. PMP ascites also 

contain large amounts of CEA. [Canbay et al 

2013], [Thomas et al 2015]. Toth 1992 

showed that elicited peritoneal macrophages 

bind CEA through an 80kD protein that is 

probably CEAR, though at that time the 

effects of CEA on cytokine production was 

not known. More recently we have shown that 

macrophages isolated from PMP ascites 

respond to CEA and produce IL-6, IL-8 and 

MCP-1 (CCL-2) a macrophage attractant 

[Thomas et al, 2015). The CEA mediated 

regulation of angiogenisis at both the primary 

and metastatic sites is depicted 

diagrammatically in Fig. 2.  
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7. CEA may be involved in the 

Epithelial Mesenchymal Transition. 

The physical events of cancer metastases have 

been well established – (i) tumor detachment 

and migration from the primary site, (ii) 

penetration through the basement membrane, 

(iii) entrance into blood or lymphatic 

circulation, (iv) extravasation into distant 

tissue sites, (v) formation of micro-metastases 

and, (vi) growth [Steeg, 2006]. While various 

theories have been proposed to explain the 

cellular changes that allow for such metastatic 

behavior, the idea of cancer cells transitioning 

from an epithelial to mesenchymal histology 

to enhance their invasive capacity has 

garnered much attention in the last few 

decades.   

First described in 1982 by Greenburg and 

Hay, the process now known as Epithelial 

Mesenchymal Transition (EMT) refers to 

cellular changes in cancers that occur in 

response to extra-cellular stimuli. These 

changes cause cells to revert from a non-

motile, polarized epithelium to a motile, non-

polarized mesenchymal phenotype – a 

transition that may or may not be reversible 

[Hugo et al, 2007]. When reversal does occur 

this is known as the Mesenchymal Epithelial 

Transition (MET). Once in the mesenchymal 

state, there is increased potential for cell 

migration and dissemination into the 

circulation.  

EMT is a normal developmental process and 

occurs during certain phases of embryological 

development to allow for migration of 

mesenchymal cells to sites of future organ 

development. During development, classical 

examples of EMT (e.g., neural crest cell 

migration) give rise to motile cell populations. 

These cells later differentiate into various 

epithelial and other cohesive cell structures, 

including muscular and neural cells that 

express specialized cell–cell adhesions. As 

ongoing research further elucidates the 

mechanisms underlying EMT, more parallels 

are being drawn between the events of EMT 

and tumor progression.  

As is true for most cancers, acquisition of 
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mesenchymal characteristics correlates to 

more advanced tumor progression and poorer 

prognosis [Polyak et al, 2009]. Using the 

TNM staging system of colorectal cancer, 

more severe disease correlates with increased 

mesenchymal characteristics [Edge, 2010]. In 

the context of cancer this mesenchymal 

phenotype allows the cells to separate, invade, 

and intravasate at the primary site; later at the 

distant organ site, it allows these cells to 

extravasate and invade the parenchyma. Once 

the tumor cells enter the parenchyma of the 

target organ, they receive a new set of signals 

that results in a reversion of the EMT. This 

change to a mesothelial epithelial transition 

(MET), a reversion of the EMT, reestablishes 

the histological features of the primary tumor. 

We have shown that down regulation of the 

CEA receptor can cause changes in 

expression of EMT related proteins including 

E-cadherin and Snail (Bajenova and Thomas, 

unpublished results). Recent studies have also 

shown that a closely related member of the 

CEA gene family CEACAM-6 (NCA) can 

promote invasion in gastric cancer by 

inducing EMT through the PI3K/AKT 

signaling pathway [Zhang, et al 2014]. 

Inhibitors of PI3K were also shown to reverse 

the EMT in these cancers. This pathway may 

also involve the CEAR as like CEA, 

CEACAM-6 expresses the peptide binding 

motif (PELPK) for CEAR [Thomas et al, 

2011].  Zang et al 2014 have suggested that 

CEACAM-6 may be a target for therapy in 

gastric cancer. Since both CEA and 

CEACAM-6 are overexpressed in colorectal 

cancers [Beauchemin 2013] they may also be 

targets for therapy. IL-6 is also known to 

affect EMT and production of IL-6 by stromal 

cells in response to CEA may also be another 

area in which CEA influences this process 

[Rockavec et al 2014]. Further evidence for 

the possible influence of CEA in the EMT is 

that there is crosstalk between CEA and TGF-

β both CEA and CEACAM-5 are targets for 

the Smad3 signaling pathway [Han et al 

2008]. Using Smad3 null mice they also 

suggested that TGF-β is involved in the 

induction of CEA.  As TGF-β is a key 

regulator of EMT this could be another 

pathway in which CEA could influence tumor 

progression by interfering with the EMT 

[Jenson-Jerome et al, 2015]. A recent study 

by Bajenova et al 2016 showed using genome 

wide analysis that in a comparison of CEA 

producing with CEA negative colorectal 

cancer cells, the CEA producing cells showed 

changes in 100 genes including those 

involved in the TGF-β signaling pathway. 

They suggested that CEA can trigger 

colorectal cancer cell invasion and metastases 

by stimulating the EMT and reducing stress 

and apoptotic signaling. 

8. Potential for CEA as a Target for 

Therapy 

.  

Because CEA is involved in multiple 

processes that give tumor cells a selective 

advantage to metastasize. It seems logical to 

investigate inhibition of the CEA/CEAR 

interaction as a potential therapy. Lee et al 

(2012) have described an RNA aptamer 

directed against the amino acid sequence 

PELPK which is the binding site on CEA for 

CEAR. This RNA aptamer (80µg/Kg) has 

been shown to be effective in inhibiting liver 

metastasis from cell line derived xenografts in 

animal models of colon cancer presumably by 

interfering with CEA binding to CEAR on 

Kupffer cells. . Recently DNA aptamers have 

also been used against the homotypic 

adhesion sites of CEA to block tumor cell/cell 

interactions (Oreva et al 2013) further 

emphasizing the feasibility of this approach to 

inhibit the effects of CEA on colorectal 

cancer metastasis. CEA also appears to be a 

target for immunotherapy. For example Bacac 

et al 2016 have used an IgG based T-cell 

specific antibody to CEA to prevent 

metastasis in a xenograft model of colon 
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cancer. Methods to eliminate CEA induced 

metastasis would be especially important in 

cases where there are increased circulation 

cancer cells due to other therapies [Martin et 

al. 2017] 

9. Conclusions 
Liver metastasis is a very complex process 

that involves many cell types and many 

phenotypic changes expressed by tumor cells 

and the surrounding stroma [Weidle et al 

2015, Pashos et al 2014.] One of the many 

factors that affect colorectal cancer metastasis 

is the production of CEA. 

There is no doubt that CEA affects many 

functions in the colorectal cancer cell. These 

functions  generally promotes metastasis and 

ensures cancer cell survival, altering the 

microenvironment at the distant site by 

producing an inflammatory response resulting 

in up-regulation of endothelial cell adhesion 

molecules and thus increasing the chances of 

tumor cell implantation. 

CEA also provides protection against 

endothelial cell mediated cytotoxicity due to 

Reactive oxygen species (ROS). At the 

primary site CEA/CEAR can influence the 

EMT leading to breakdown of cell/cell 

interactions and promoting invasion. In the 

circulation it can inhibit anoikis and therefore 

promote tumor cell survival. At both the 

primary and metastatic sites it can increase 

angiogenesis through a variety of 

mechanisms. For a long time CEA was 

regarded as just a useful biomarker for colon 

and other cancers. Now that we are beginning 

to understand its biological role it opens up 

new lines of enquiry into the mechanisms that 

effect metastasis and tumor progression. This 

new knowledge is likely to have a strong 

translational impact. 
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