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ÖZET 
GİRİŞ ve AMAÇ: Annexin A1 (AnxA1) proteini, çok sayıda hücre ve dokuda eksprese olan ve inflamatuvar 

yanıtı bloke eden bir proteindir. Günümüzde oldukça yaygın görülen bir kanser türü olan kolorektal kansere 

inflamasyon gelişimi eşlik etmektedir. Bu çalışmada AnxA1 proteininin kolorektal kanserde inflamasyon 

gelişimi üzerine etkisinin değerlendirilmesi amaçlanmıştır. 

YÖNTEM ve GEREÇLER: Çalışma 74 kolorektal kanser hastası ve 79 sağlıklı kontrol grubu ile 

gerçekleştirilmiştir. Gönüllülerden toplanan kan örneklerinden serum ve RNA izolasyonu yapılmıştır. 

Dolaşımdaki AnxA1 ve interlökin-6 (IL-6) düzeyleri ile sitozolik ve sekretuvar fosfolipaz A2 (cPLA2, sPLA2) 

aktiviteleri Elisa yöntemi ile saptanmıştır. AnxA1 ve PLA2 mRNA ekspresyon düzeyleri ise real-time PCR 

yöntemi ile ölçülmüştür. 

BULGULAR: Hasta grubunda serum AnxA1 düzeyleri anlamlı olarak azalmış iken, IL-6 ve sPLA2 

düzeylerinin arttığı saptanmıştır. AnxA1 mRNA ekspresyonu da kontrol grubuna göre anlamlı olarak azalmıştır. 

AnxA1 düzeyindeki azalmanın, inflamasyon belirteçlerindeki artış ile korelasyon gösterdiği saptanmıştır. 

TARTIŞMA ve SONUÇ: Bu çalışma, kolorektal kanser hastalarında AnxA1 plazma protein düzeyleri ve 

mRNA ekspresyonu üzerindeki anlamlı değişiklikleri göstermiştir. Elde edilen sonuçlar, AnxA1 proteinin 

kolorektal kanserde görülen inflamasyon ile ilişkili olabileceğini göstermiştir. Annexin protein sistemindeki 

disregülasyon mekanizmasının aydınlatılabilmesi için ileri çalışmalara ihtiyaç duyulmaktadır.  

Anahtar Kelimeler: Annexin A1, Fosfolipaz A2, İnflamasyon, Kolorektal Kanser 

 

 

ABSTRACT 

INTRODUCTION: Annexin A1 (AnxA1) is a protein that inhibits the inflammatory response and is expressed 

by various types of cells and tissues. Colorectal cancer, a very common type of cancer today, is accompanied by 

the development of inflammation. At present study, it has been aimed to evaluate the relationship between 

AnxA1 protein and the development of inflammation in colorectal cancer. 

METHODS: The study was conducted with 74 colorectal cancer patients and 79 healthy patients as the control 

group. Serum and RNA were isolated from the blood samples collected from volunteers. AnxA1 and interleukin-

6 (IL-6) levels in circulation as well as the activity of cytosolic and secretory phospholipase A2 (cPLA2, sPLA2) 

were determined using Elisa method. AnxA1 and PLA2 mRNA expression levels were measured by real-time 

PCR technique. 

RESULTS: While serum AnxA1 levels were significantly decreased in patients group, IL-6 and sPLA2 levels 

were detected to be increased. AnxA1 mRNA expression was also significantly reduced compared to the control 

group. The decrease in AnxA1 level was found to correlate with the increase in inflammation markers. 

DISCUSSION and CONCLUSION: The present study has shown significant changes on AnxA1 plasma 

protein levels and mRNA expression in colorectal cancer patients. The data have revealed that AnxA1 protein 

may be associated with inflammation in colorectal cancer. Further studies are needed to elucidate the mechanism 

of dysregulation in the Annexin protein system. 

Keywords: Annexin A1, Phospholipase A2, Inflammation, Colorectal Cancer  
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INTRODUCTION 
 

Colorectal cancer is one of the most common 

gastrointestinal cancers in the world today, and 

is the leading cause of cancer-related deaths 

(1-3). According to the 2004-2006 cancer 

statistics of Turkish Ministry of Health, the 

age-standardized incidence rate of colorectal 

cancer in Turkey has been recorded as 17.0 in 

men and 11.7 in women per 100.000 persons 

per year (4). 

The functional relationship between 

inflammation and cancer is known for a long 

while. This relationship is based on the 

observation of tumors occuring in chronic 

inflammatory sites, the presence of 

inflammatory cells, chemokines and cytokines 

in tumors, the induction of cancer by 

overexpressed cytokines and chemokines, the 

activation or inhibition of the same molecular 

targets or similar pathways in the process of 

inflammation and carcinogenesis (5). There is 

a large body of literature that supports the link 

between colorectal cancer and chronic 

inflammation, and gastrointestinal 

inflammation has a supporting role in the 

development of colorectal cancer. While the 

incidence of colorectal cancer is increasing in 

inflammatory bone diseases, anti-inflammatory 

therapy is known to reduce the gastrointestinal 

neoplasm (6). 

Several studies have been carried out 

to investigate the effects of various 

inflammatory markers on cancer development 

and metastasis. (7). In recent years, attention 

has been drawn to the role of cyclooxygenases 

in tumor development and progression (8). 

Eicosanoids, the products of the 

cyclooxygenase and lipoxygenase pathways, 

contribute to cancer progression by directing 

cell proliferation, motility, invasion and 

angiogenesis (9). Increased prostaglandin (PG) 

levels are observed in many human cancer 

types due to the upregulation of 

cyclooxygenase II (COX-2), which plays a key 

role in eicosanoid biosynthesis. Prostaglandin 

E2 is considered to be the major mediator 

molecule of COX-2, which triggers cellular 

proliferation and angiogenesis, inhibits 

apoptosis, enhances invasive specificity and 

modulates immunosuppression. COX-2 is 

considered to be an important therapeutic 

target for the reason that it is overexpressed at 

a significant level in various tumors, including 

colorectal neoplasia (10). 

In addition to COX-2, prostaglandin 

formation is also directly associated with the 

presence of free arachidonic acid. Arachidonic 

acid is released with fatty acid hydrolysis by 

phospholipase A2 enzyme (PLA2) from the sn-

2 position of the membrane 

glycerophospholipids and is subsequently 

metabolized by COX to form prostaglandins 

and thromboxanes (11,12). PLA2 is a key 

regulatory enzyme for the metabolism of 

arachidonic acid leading to the synthesis of 

prostaglandins via COX pathways (13, 14). In 

human cells various types of PLA2 enzymes 

can be found. Among them, it has been 

suggested that the 85 kDa cPLA2 is a major 

intracellular form and plays an essential role 

with COX-2 in releasing arachidonic acid 

which is induced by stimulation (15). It is also 

suggested that cPLA2 participates in the 

induction of intestinal tumor because of its key 

role in prostaglandin production. Yoo et al. 

(16) have investigated the effects of cPLA2, 

prostaglandin dehydrogenase and COX-2 

expression on colorectal cancer tumor 

formation and found that cPLA2 expression is 

closely associated with COX-2 expression and 

may play an important role in tumor 

progression. 

Recent studies have shown that some 

members of the protein family known as 

Annexins, have significant anti-inflammatory 

roles. Annexins are a family of Ca2+ dependent 

proteins that bind to membrane phospholipids 

(17,18). Proteins of this multiple gene family, 

defined by different structural and biochemical 

criteria, are involved in various biological 

processes. These processes include regulating 

the membrane organization, membrane traffic, 

membrane-cell skeleton connection, and 

intermembrane ion conduction. It has also been 

suggested that members of the Annexin family 

act as anti-inflammatory and anticoagulant 

components as well as playing regulatory or 

mediatory roles in certain cell-cell and cell-

matrix interactions. The anticoagulant and anti-

inflammatory effects of the Annexins are 

probably explained by membrane-substrate 

consumption; because Annexins compete with 

PLA2and blood coagulation factors in order to 

bind to the cell membrane and thus reduce the 

availability of the substrate (19). 
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AnxAI is the first characterized 

member of the Annexin family and was 

identified in the late 1970s. While it was first 

known as macrocortin (20), renocortin (21) 

and lipomodulin (22), later it was named as 

lipocortin I and finally AnxAI. The gene 

coding AnxAI protein is localized in 

chromosome 19q24 (23). This 37 kDa protein 

has Ca2+ and phospholipid binding properties 

and is found to be involved in the inhibition of 

glucocorticoid-induced PLA2 and eicosanoid 

synthesis.  

With the present study, it was aimed 

to measure circulating levels of AnxA1 

protein and also its mRNA expression levels 

in colorectal cancer patients and to investigate 

the relationship between changes in protein 

levels and various inflammation markers 

 

 

MATERIALS and METHODS 
 

Subjects 

Eighty-two patients who were diagnosed as 

colorectal cancer were recruited from the 

patient population attending to Clinical 

Oncology Department of Ankara University 

Medical School for this study. Seventy-four of 

those patients including 30 women and 44 men 

and with a mean age of 61.52±11.16 were 

included in the analyses. The exclusion criteria 

of the study were a personel history of 

vascular, thromboembolic or hemorrhagic 

disease and inheritance relationship between 

volunteers. Seventy-nine volunteers without 

history of any vascular, hemorrhagic and 

thromboembolic diseases were formed the 

control group. On the other hand, in order to 

prevent the wrong positive results of Elisa 

applications, the volunteers with any known 

autoimmune diseases were also excluded from 

the study. All experiments were performed in 

compliance with the relevant laws and 

institutional guidelines. Ankara University 

Medical School Ethics Committee has 

approved the experiments and informed 

consents were obtained from each participant 

before enrollment. After an overnight fast of 8-

12 hours, venous blood samples were collected 

into EDTA containing tubes for total RNA 

isolation and for all Elisa measurements. The 

samples were stored in -80°C until assayed.     

 

 

Data collection 

The following data were extracted from the 

Electronic Medical Records (EMR) as 

available for each subject of patient 

population: age, gender, CEA, site and 

histological type of tumor, the presence of 

bowel perforation and obstruction at diagnosis 

and the histological type and grade of 

carcinomas. All subsequent patient measures 

were extracted from the EMR as in time of 

sample collection date.  

 

ELISA Measurements  

Serum Annexin I levels were detected by 

enzyme-linked immunosorbent assay (ELISA) 

using a commercially available Elisa Kit 

(Eastbiopharm,#CK-E91061) according to the 

manufacturer’s instructions. The analytical 

sensitivity was 0.11 ng/ mL. The assay range 

of kit was 0.3 -90 ng/ml. Levels of circulating 

IL-6 were determined by elisa technique using 

high-sensitivity commercial kits (eBioscience, 

#BMS213/2). The limit of detection of human 

IL-6 of the kit was 0.92 pg/ml and the 

calculated overall intra- and inter-assay 

coefficient of variation was 3.4% and 5.2%, 

respectively. cPLA2 and sPLA2 activities were 

also detected using commercially available kits 

(Cayman, #765021, #765001, respectively). 

According to the sensitivity data of 

cPLA2assay kit, samples containing 

cPLA2activity between 3.5-42 nmol/min/ml 

could be assayed without further dilutions. The 

detection range of sPLA2assay was from 0.02 

to 0.2 μmol/min/ml of sPLA2activity and the 

intra- and inter-assay coefficient of variation 

2.5% and 4.2%, respectively.  

 

PCR Analyses 

Annexin I and PLA2 mRNA expression levels 

were determined by real-time PCR technique. 

Briefly, total RNA was isolated from whole 

blood samples using RNA isolation kit (Roche, 

Germany). cDNA was synthesized with the 

PCR system using a transcriptor high fidelity 

cDNA synthesis kit (Roche, Germany). 

Quantitative real-time PCR was performed 

using the Qiagen Rotorgene system. The 

results were normalized by using β-actin 

(ACTB) as housekeeping gene. The analyses 

were performed in duplicates. The forward and 

reverse primers were loaded to RT-PCR with 

the identification numbers given below: AnxA1 

Qiagen single assay identification number 
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PPH02882E; PLA2 Qiagen single assay 

identification number PPH06245E; 

ACTBQiagen single assay identification 

number PPH000736.  

 

Statistical Analysis 

The statistical analyses were performed by 

GraphPad Prism (version 6.0e; GraphPad 

Software Inc). The data for AnxI protein and 

PLA2 levels were expressed as mean±SD and 

compared using a Student’s t test. Correlation 

analyses were performed within the Pearson 

correlation test. Values of p< 0.05 were 

considered as statistically significant. 

 

RESULTS 
 

Demographic and clinical characteristics of the 

study groups were given in Table 1. Mean age 

of the control group was lower than patients 

whereas the percent of gender was similar in 

both groups.  

Levels of AnxA1 and inflammatory 

mediators were given in Table 2. AnxA1 levels 

in patients with colorectal cancer (14.54±9.87 

ng/ml) were significantly lower when 

compared to control (29.70±16.62 ng/ml, 

p<0.0001) (Figure 1). Circulating IL-6 levels 

of patient group (5.04±2.89 pg/ml) was 

significantly higher than control group 

(2.98±1.26 pg/ml, p<0.0001). The measured 

sPLA2 activity of patient group (0.011±0.009 

μmol/min/ml) was significantly lower than 

control (0.009±0.003 μmol/min/ml, p=0.0282), 

whereas the cPLA2 activities were similar in 

both groups (p=0.3517) (Table 2).    

The results of genetic analyses were 

given in Figure 1 as fold regulation values. 

According to the real-time PCR data, AnxA1 

mRNA expression has been down-regulated in 

patient group (p=0.003) and PLA2 mRNA 

results displayed an up-regulation in patient 

group with a 1.4432 fold regulation value 

(p<0.001). 

 

 

 
   Table 1: Subject Characteristics 

Variable 
Control 

(n=79) 

Patient 

(n=74) 
P value# 

Age, mean±SD 35.36±1.12 61.52±11.16 <0.001 

Male, % 49.15 59.45 NS 

Site        ND   

      Left colon, %  10.81  

      Right colon %  28.37  

      Sigmoid, %  39.19  

      Rectum, %  21.63  

Bowel perforation at diagnosis, % ND -  

Bowel obstruction at diagnosis, % ND 6.76  

Histological type ND   

      Adenocarcinoma  79.72  

      Mucinous adenocarcinoma  20.28  

Histological differentiation ND   

      Grade 2  79.73  

      Grade 3  20.27  

CEA 
 

82.29±228.92 

(0.15-1011.90) 

 

Abbreviations: ND, not determined, NS, not significant # Statistical comparisons 

were performed between control and colorectal cancer patient groups. 
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Table 2. Results of ELISA measurements 

 Control 

(n=79) 

Patient 

(n=74) 
P value 

AnxA1, 

ng/ml 
29.70±16.62 14.54±9.87 <0.0001 

IL-6, 

pg/ml 
2.98±1.26 5.04±2.89 <0.0001 

cPLA2 

activity, 

μmol/min/

ml 

0.011±0.002 0.012±0.006 0.3517 

sPLA2 

activity, 

μmol/min/

ml 

0.009±0.003 0.011±0.009 0.0282 

 

 

 
Figure 1. The results of real-time PCR 

experiments. The up-/down-regulation of AnxA1 

and PLA2 genes in colorectal cancer patients were 

given as fold regulation levels. The data represent a 

down-regulation of AnxA1 mRNA expression, 

whereas PLA2 expression is significantly up-

regulated.  
*represents the significance of p<0.05 compared to 

control.   

 

DISCUSSION 
 

The relationship between inflammation and 

cancer, based on epidemiological and 

experimental data (24,25) has been confirmed 

by the efficacy of anti-inflammatory therapy in 

the prevention and treatment of cancer (26). 

Functions of Annexins, defined as anti-

inflammatory (27) and immunosuppressive 

(28) agents, indicate that these proteins 

function as normal protective regulators in the 

extracellular environment. 

Since individual annexins have been 

implicated in tumor development and 

progression, the studies have focused on 

investigating their roles on different cancer 

types. Among annexin proteins, AnxA1 has 

been reported to Show altered expression in a 

variety of cancers, including pancreatic cancer 

(29), hair cell leukemia (30), oesophageal 

cancer (31) and it’s also been reported to be 

overexpressed in colorectal cancer cells (32).    

AnxA1 was detected at concentrations 

of 50 ng/ml in a large number of cells and 

tissues (lung, bone marrow, bowel) and at the 

highest concentration of 150 ng/ml in the 

seminal fluid (33). It forms 2-4% of total 

cytosolic protein and is found in gelatinase 

granules in neutrophils. Although neutrophils 

released out have low levels of AnxA1, when 

the gelatinase granules are released, AnxA1 is 

also released by endothelial vascular adhesion 

(34). It is thought that when AnxA1 is 

released, it binds to its receptor and mediates 

the cellular detachment of neutrophils and 

blocks the inflammatory response by inhibiting 

transmigration of leukocytes (35). Decreased 

AnxA1 levels are thought to disinhibit the 

action of known inflammatory mediators such 

as sPLA2 and interleukin-1(27). 

The activity of AnxA1, identified as a 

PLA2 inhibitor, had previously been linked to 

its antiinflammatory effects (36). However, 

today it is known that AnxA1 directly inhibits 

PLA2, not via its mechanism of substrate 

consumption. Kim et al. (37) showed this 

direct interaction between AnxA1 and PLA2, 

and this finding was later confirmed by 

demonstrating that the phosphorylation and 

activation of cPLA2 is inhibited by 

AnxA1(38). However, the interaction between 

AnxA1 and PLA2 is not very clear and has 

only been observed in a cellular sense. In a 

subsequent study, the functional relationship 

between phosphorylated AnxA1 and cPLA2 

was demonstrated in the hepatocyte cell line 

(39). AnxA1 has also been shown as an 

endogenous determinant mediating the pro-

resolving properties of cyclic AMP elevating 

agents (40). The importance of AnxA1 in 

colorectal cancer has been indicated with 

another finding which remarked higher AnxA1 

expression and its association with 

carcinoembryogenic antigen levels (41). A 

study by Duncan et. al. (42) has shown that 

specific annexins, including AnxA1, are 

present in colorectal cancer and annexin 

expression profile is associated with survival.  

In our study, AnxA1 levels were 

observed to be decreased significantly in 

colorectal cancer patients. However, the 

significant increase in IL-6 and sPLA2 levels 
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indicate the inflammatory state in the patients 

group. Correlation analysis showed a poor 

negative correlation between the inflammation 

markers and AnxA1 in the patients group. 

While the two well-defined classes of 

PLA2, 14 kDa sPLA2 and 85 kDa cPLA2, 

require the presence of a certain amount of 

Ca2+ in order to function, the presence of Ca2+ 

is an absolute necessity for interfacial bindings 

of Annexins. Buckland et al., (43) have shown 

that AnxV can inhibit cPLA2 activity by its 

substrate consumption mechanism and that this 

inhibition is dependent on the concentration of 

Ca2+ ions in the phospholipids and the 

environment.  

With the growing incidence of colorectal 

cancer, it has become an increasingly 

important problem to reduce the development 

of inflammation in the treatment of the disease 

as well as the other factors that cause cancer. 

This is the first study to evaluate Annexin 

proteins in colorectal cancer. Data obtained 

showed that AnxA1 protein levels and mRNA  

expression decreased significantly in colorectal 

cancer patients and that there’s a correlation 

between this reduction and inflammation 

development. Further studies are needed to 

clarify the pathogenetic and clinical effects of 

the AnxA1 system in colorectal cancer 

patients. 
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