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ÖZET 

Sarmadi, P. CCRL2 atipik kemokin reseptör variyantlarının meme 

kanseri hücrelerinde ekspresyonu ve fonksyonel analizi. Hacettepe 

Üniversitesi Sağlık Bilimleri Enstitüsü, Tümör Biyolojisi ve İmmünolojisi 

Programı, Doktora Tezi, Ankara, 2014. Kemokinler ve kemokin 

reseptörlerin kompleks ağı atipic (decoy) kemokin reseptörleri tarafından 

regüle edilir. Atipik kemokin reseptörleri inflammatuvar yanıtların 

sonlandırılmasında rol oynarlar ve CCRL2 en yeni üyedir. CCRL2’nin CCL5, 

CCL19, ve chemerin’e bağlandığı ve bu kemokinlerin lokal konsantrasyonunu 

azalttığı öne sürülmüştür. İnsan CCRL2 geninin iki varyantı vardır; CRAM-A 

ve CRAM-B. Bu çalışmada, CRAM-A ve CRAM-B ekspresyonu RT-PCR 

yöntemi ile meme kanseri hücre hatlarında, periferik kan mononükleer 

hücrelerinde (PBMC), ve izole edilmiş immün hücrelerde IFN-γ veya LPS 

uyarımından sonra belirlendi. pCRAM-A/B-IRES2-EGFP rekombinant 

DNA’ları oluşturuldu ve PCR, restriksyon kesimi, ve DNA dizileme analizi ile 

doğrulandı. Bu plazmid HEK293T hücre hattına, MDA-MB-468 ve BT-474 

meme kanseri hücre hatlarına transfekte edildi. Transfeksyon etkinliği (GFP 

ekspresyonu) ve rekombinant CRAM ekspresyonu akım sitometri ile analiz 

edildi. Fonksyonel analizi için, Ca2+ flux, ligand bağlanma, reseptör 

internalizasyonu, ve ligand uzaklaştırma deneyleri yapıldı. Beklendiği gibi, 

CCL5, CCL19, ve chemerin hücre içi Ca2+ akımını uyarmadı. Meme kanseri 

hücreleri üzerinde, CRAM-A ekspresyonu özellikle IFN-γ uyarımından sonra 

arttı. CCL19 hücre dışı ortamdan en etkin şekilde uzaklaştırılan kemokindi. 

Bu etki rekombinant CRAM-A ile transfekte edilmiş hem HEK293T ve hem 

BT-474 hücre hatlarında görüldü. Bu sonuçlara göre, CRAM-A 

ekspresyonunun tümöre doğru T hücre infiltrasyonunu azaltabilen bir immün 

kaçış makanizması olarak görev yapabilecesi düşünülmüştür.  

Anahtar Kelimeler: Atipik kemokin reseptörü, CCRL2, Kemokin, 

Rekombinant DNA teknolojisi. 

Bu çalışma Eczacıbaşı Tıp Ödülleri ve Bilimsel Araştırma Destekleri 

tarafından desteklenmiştir.  
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ABSTRACT 

Sarmadi, P. Expression and functional analysis of CCRL2 atypical 

chemokine receptor variants on breast cancer cells. Hacettepe 

University Institute of Health Sciences, Tumor Biology and Immunology 

Program, PhD Thesis, Ankara, 2014. The complex network of chemokines 

and chemokine receptors is regulated by atypical (decoy) chemokine 

receptors. Atypical chemokine receptors play role in the termination of 

inflammatory responses and CCRL2 is the newest member. CCRL2 has 

been suggested to bind CCL5, CCL19 and chemerin and to decrease their 

local concentration. Human CCRL2 gene has two variants; namely, CRAM-A 

and CRAM-B. The aim of this work is to investigate the expression and the 

functions of these variants in breast cancer cells. CRAM-A and CRAM-B 

expression were determined with RT-PCR in breast cancer cell lines, 

PBMCs, and purified-immune cells under IFN-γ or LPS stimulation. pCRAM-

A/B-IRES2-EGFP recombinant DNAs were constructed and  confirmed by 

PCR, restriction digestion and DNA sequencing analysis, and transfected into 

HEK293T cell line, and MDA-MB-468 and BT-474 breast cancer cell lines. 

Transfection efficiency (GFP expression) and recombinant CRAM expression 

were examined by flow cytometry. For functional analyses; Ca2+ flux 

(FuraRed II staining), ligand binding, receptor internalization and ligand 

removal assays were performed. As expected, CCL5, CCL19 and chemerin 

did not stimulate intracellular Ca2+ flux. On breast cancer cells, CRAM-A 

expression was specifically increased upon IFN-γ stimulation. CCL19 was 

the most efficiently removed chemokine from the extracellular milieu. This 

effect was observed both in HEK293T and BT-474 cell lines transfected with 

recombinant CRAM-A. Therefore, CRAM-A expression may serve as an 

immune evasion mechanism that mitigates T cell infiltration towards the 

tumor. 

Key words: Atypical chemokine receptor, CCRL2, Chemokine, Recombinant 

DNA technology. 

This study was supported by Eczacıbaşı Research and Awards Fund.  
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1. INTRODUCTION 

 

Chemokines or chemoattractant cytokines are a superfamily of small 

(8-12 kDa) secreted proteins. These proteins primarily promote and regulate 

the directional migration and trafficking of the cells. Approximately 50 

chemokine ligands and 20 chemokine receptors have been identified in 

humans. These molecules constitute a complex network of ligand-receptor 

interactions [1]. Generally, upon binding a chemokine receptor to its cognate 

ligand a signaling pathway is induced via G protein coupling to the receptor. 

However, because of the modified DRYLAIV motif in the second intracellular 

loop atypical chemokine receptors do not couple with G proteins and do not 

induce signal transduction in the cell [2]. Up to date, five decoy chemokine 

receptors have been identified; namely, DARC, D6, CXCR7, CCX-CKR, and 

CCRL2 [3]. Except CXCR7, other decoy chemokine receptors regulate cell 

migration by sequestering their cognate chemokine ligands. Atypical 

chemokine receptors have been shown to play an important role in cancer by 

reducing inflammation [4]. CCRL2 is the newest member of atypical 

chemokine receptor family and binds to CCL5, CCL19, and chemerin. 

However, CCRL2’s internalization upon binding to these ligands or specificity 

to CCL5 remains controversial and may increase glioblastoma cell’s 

migration and invasion, can regulate B cell chronic lymphocytic leukemia (B-

CLL) blasts’ migration and reduce their survival [5, 6]. However, a possible 

link between CCRL2 and breast cancer has not been investigated to our 

knowledge. The human CCRL2 has two variants named Chemokine 

Receptor on Activated Macrophages (CRAM-A) and a 12-amino acid shorter, 

more common variant, CRAM-B. CRAM-B is also known as human 

chemokine receptor, HCR [7, 8]. Despite their differences in the N-terminus, 

no clear functional difference has been previously shown between CRAM-A 
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and CRAM-B. The longer isoform, CRAM-A is only expressed in high order 

primates. 

The preliminary results of this study showed that IFN-γ can specifically 

up-regulate the expression of the long isoform of CCRL2, CRAM-A, in breast 

cancer cell lines. CCRL2’s specific chemokine ligands CCL5, CCL19, and 

chemerin can be found in the breast tumor microenvironment. These 

chemokines mediate the infiltration of NK cells, Th cells, and CTLs into the 

breast tumor. IFN-γ produced by these immune cells is a critical player in 

anti-tumor immune responses. Thus, by virtue of these preliminary data and 

literature knowledge, here CRAM-A can function as an atypical chemokine 

receptor removing these chemokines from the breast tumor 

microenvironment. The hypothesis of this study proposes that the long 

variant of CCRL2, CRAM-A, is upregulated on breast cancer cells upon IFN-

γ-mediated immune responses and regulates the immune infiltration into the 

tumor microenvironment. Therefore, CRAM-A is to be considered as an 

immunomodulatory receptor which can function in favor of malignancy 

(Figure 1.1). 
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Figure 1.1. Schematic presentation of the hypothesis proposed. NK cells, 

Th1, and cytotoxic lymphocytes migrate towards CCL5, CCL19, and 

chemerin gradient supplied by the breast tumors. IFN-γ, the common product 

of these immune cells, leads to the upregulation of CRAM-A in the breast 

tumor cells. This results in the chemokine levels reduction; therefore, 

hampering the infiltration of these anti-tumor effectors. 

 

In this study, molecular techniques such as RNA isolation, cleaning 

and concentration, cDNA synthesis, polymerase chain reaction (PCR), 

directional cloning, TA cloning, heat shock transformation, plasmid 

purification, confirmation of constructed recombinant clones by PCR, 

restriction enzyme digestion and by DNA sequencing analysis; cell culture 

and purification techniques such as density gradient and FACS, liposomal 

transfection; immunological assays such as flow cytometry, analysis of 

CCRL2 binding capacity of antibody, receptor internalization analysis, and 

ELISA; Ca2+ mobilization assay and fluorescence microscopy were 

performed. 
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Here, the expression of CCRL2 variants, CRAM-A and CRAM-B, in 

purified immune cells and PBMCs and under LPS or IFN-γ stimulation was 

investigated. Expression of CCRL2 variants in breast cancer cell lines and 

expression status of CCRL2-related genes, CCL5, CCL19, chemerin, CCR1, 

CCR3, CCR4, CCR5, CCR7, CCRL1, DARC, D6, CMKLR1, and GPR1, in 

certain cell lines were analyzed. Human CRAM-A and CRAM-B coding 

sequences were cloned into eukaryotic expression vectors pIRES2-EGFP 

and pcDNA3.1/CT-GFP. CRAM-A or CRAM-B was also hybridized with GFP 

in order to trace its cellular sub-localization; however, this attempt was 

hampered by the dimness of recombinant protein products’ fluorescence 

intensity. These recombinant constructs were transfected into HEK293T and 

BT-474 cell lines for de novo expression and functional analyses such as 

Ca2+ mobilization capacity, binding capacity of CCRL2 specific monoclonal 

antibody 152254, and surface expression changes of CRAM-A in the 

presence of CCRL2 ligands (CCL5, CCL19, and chemerin). In addition, 

CCL5 and CCL19 chemokine removal capacity of CRAM-A from the 

extracellular milieu was investigated. 

In conclusion, recombinant CCRL2 constructs were successfully 

expressed in HEK293T and BT-474 cell lines. As expected, CCL5, CCL19 

and chemerin did not stimulate intracellular Ca2+ flux, whereas ionomycin 

Ca2+ ionophore did. On breast cancer cells, CRAM-A expression was 

specifically increased upon IFN-γ stimulation. In the presence of chemokine 

ligands, CRAM-A internalization was determined in ~30 minute-intervals. In 

addition, CCL19 was the most efficiently removed chemokine from the 

environment. This effect was observed both in HEK293T and BT-474 cell 

lines transfected with recombinant CCRL2. Therefore, CRAM-A expression 

may serve as an immune evasion mechanism that mitigates T cell infiltration 

towards the tumor. 
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2. LITERATURE REVIEW  

 

2.1. Chemokines and Chemokine Receptors 

Chemokines or chemoattractant cytokines are a superfamily of small 

(8-12 kDa) secreted proteins. These proteins primarily promote and regulate 

the directional migration and trafficking of leukocytes, endothelial cells, and 

epithelial cells. Approximately 50 chemokine ligands and 20 chemokine 

receptors have been identified in humans, which are listed in Table 2.1 [9]. 

This system of molecules displays a promiscuous network, in which 

chemokine receptors interact with different chemokines with variable affinities 

and multiple chemokines bind to the same receptor [10]. This feature might 

be important in fine-tuning of chemokine-associated responses. Chemokines 

and chemokine receptors are divided into four categories on the basis of the 

sequence around the first two conserved N-terminus cysteine residues 

namely XC, CC, CXC and CX3C (where C is the amino acid Cysteine and X 

refers to any amino acid) (Figure 2.1) [11, 12]. 

The CXC family of chemokines is further divided into ELR+ and ELR- 

categories based on the motif glutamate-leucine-arginine (E-L-R), which is 

placed upstream of the CXC sequence. CXCL1, CXCL2, CXCL3, CXCL5, 

CXCL6, CXCL7, and CXCL8 are ELR+ chemokines. This is important as the 

N-terminal portion of the chemokine has been shown to be in charge of 

neutrophil attraction and angiogenesis. CXCL12 is the only ELR- chemokine 

which shows angiogenic properties [12]. CXCL4, CXCL9, CXCL10, CXCL11, 

and CXCL14 function as angiostatic factors and generally hamper the cellular 

invasion. 
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Table 2.1. Chemokines and Chemokine Receptors. Adapted from Sarvaiya 

et al. [9] and Abbas et al. [13]. 

Chemokine 

Receptor 

Chemokine  Major Function 

CC Family   

CCR1 CCL3, CCL4, CCL5, CCL7, 

CCL9/CCL10, CCL14, CCL15, 

CCL16, CCL23 

Mixed leukocyte recruitment 

CCR2 CCL2, CCL7, CCL8, CCL12, 

CCL13, CCL16 

Mixed leukocyte recruitment 

CCR3 CCL5, CCL7, CCL8, CCL11, 

CCL13, CCL15, CCL24, CCL26, 

CCL28 

Eosinophil, basophil, and 

Th2 recruitment 

CCR4 CCL2, CCL3, CCL5, CCL17, 

CCL22 

T cell and bosophil 

recruitment 

CCR5 CCL3, CCL4, CCL5, CCL8, CCL14 T cell, dendritic cell, 

monocyte, and NK 

recruitment; HIV coreceptor 

CCR6 CCL20  

CCR7 CCL19, CCL21 T cell and dendritic cell 

migration into parafollicular 

zones of lymph nodes 

CCR8 CCL1, CCL4, CCL17 Monocyte recruitment and 

endothelial cell migration 

CCR9 CCL25 Astrocyte migration 

CCR10 CCL27, CCL28 Dermal cell migration 

CCR11 CCL2, CCL7, CCL8, CCL12, 

CCL13, CCL19, CCL21, CCL25 

Monocyte recruitment 

CXC 

Family 

  

CXCR1 CXCL6, CXCL8 Neutrophil recruitment 

CXCR2 CXCL1, CXCL2, CXCL3, CXCL5, 

CXCL6, CXCL7, CXCL8 

Neutrophil recruitment 

CXCR3 CXCL4, CXCL9, CXCL10, 

CXCL11 

Effector T cell recruitment, 

platelet aggregation 

CXCR4 CXCL12 Mixed leukocyte 

recruitment; HIV coreceptor 

CXCR5 CXCL13, CXCL16 B cell migration into 

follicles 

CXCR6 CXCL16 Fibroblast recruitment 

CXCR7 CXCL12, CXCL11 Regulation of CXCR4 

activity, endothelial 

progenitor cell recruitment 
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and glioma cell migration 

C Family   

XCR1 XCL1, XCL2 T cell and NK cell 

recruitment 

CX3C 

Family 

  

CX3CR1 CX3CL1 T cell, NK cell, and 

macrophage recruitment; 

CTL and NK cell activation 

 

Chemokines can also be divided into two sub-groups based on their 

functions: homeostatic/developmental chemokines and inflammatory 

chemokines [9, 14]. Homeostatic chemokines are constitutively expressed 

and have crucial roles in embryonic development, general organogenesis, 

stem cell migration, lymphoid organogenesis, and immune surveillance [14]. 

The expression of inflammatory chemokines can be induced by inflammatory 

stimuli such as tumor necrosis factor (TNF), interferon-γ (IFN-γ), microbial 

products or trauma; and play a vital role in maintenance of innate and 

adaptive immunity to tissue damage, infection, and other physiological 

abnormalities [1]. Their expression is temporary and ceases with the 

resolution of the inflammation. Some chemokines can function in both groups 

depending on the biological status or on the pathological circumstances [15]. 

Chemokine receptors are of seven transmembrane G protein-coupled 

chemokine receptors (GPCR) family [9, 16]. CC-chemokines bind to 

receptors CCR1 to CCR11, CXC-chemokines bind to CXCR1 to CXCR7, and 

XCR1 is the receptor for lymphotactin, and CX3CR1 is the receptor for 

fractalkine [12, 17]. Upon specific ligand binding, a cascade of downstream 

signals, including calcium mobilization and the activation of mitogen-activated 

protein kinase (MAPK), phospholipase-C (PLC), phosphatidylinositol 3-

kinase (PI3K), RAS, the RHO family of GTPases, and NF-κB begins [18]. 
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Figure 2.1. Schematic representation of the four different groups of 

chemokines. Taken from Ali and Lazennec [13]. 

 

2.2. Decoy Chemokine Receptors 

The sophisticated system of chemokines and chemokine receptors is 

adjusted by the group of atypical or decoy chemokine receptors including 

Duffy Antigen Receptor for Chemokines (DARC), D6, Chemocentryx 

Chemokine Receptor (CCX-CKR, CCRL1), CXCR7, and C-C Chemokine 

Receptor-Like 2 (CCRL2, Chemokine Receptor on Activated Macrophages, 

CRAM) [2]. Recently, these families of decoy chemokine receptors have 

been adapted to a new nomenclature. In this naming system DARC was 

renamed as ACKR1, D6 as ACKR2, CXCR7 as ACKR3, CCRL1 as ACKR4, 

and CCRL2 as ACKR5 [3]. Table 2.2 shows decoy chemokine receptors and 

their ligands. 
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Table 2.2. Decoy chemokine receptors and their ligands. 

Decoy Chemokine 

Receptors 

Proposed or Specific Ligands 

DARC CCL2, CCL5, CCL7, CCL11, CCL13, CCL14, 

CCL17,  CXCL1, CXCL2,  CXCL5, CXCL6, 

CXCL7, CXCL8, CXCL11 

D6 CCL2, CCL3, CCL4, CCL5, CCL7, CCL8, CCL11, 

CCL13,  CCL14 

CXCR7 CXCL12, CXCL11 

CCRL1 CCL19, CCL21, CCL25, CXCL13 

CCRL2 CCL5, CCL19, Chemerin 

 

These receptors structurally resemble to the seven transmembrane G 

protein- coupled receptors. However, they do not elicit signal transduction, 

because they contain a modified DRYLAIV motif in their second intracellular 

loop that prevents them from coupling with G proteins (e.g. DKYLEIV instead 

of DRYLAIV amino acid sequence in D6) [2]. Decoy chemokine receptors 

bind their cognate chemokine ligands with high affinity and effectively 

internalize them; thus, they act as scavengers [2]. Internalized chemokines 

become degraded by lysosomal enzymes in endocytic vesicules (Figure 2.2). 

This decoy function of atypical chemokine receptors regulates and modifies 

the chemokine gradient and bioavailability in the microenvironment. In 

addition, this function indirectly regulates the surface expression of the 

specific receptor. After the ligands are degraded in the vesicule, the receptor 

recirculates to the cell membrane [2]. 
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Figure 2.2. Schematic representation for decoy function of atypical 

chemokine receptors. 

 

Studying the roles of decoy chemokine receptors shows that they have 

been investigated in different types of cancers. For example, DARC has been 

studied in lung, breast, and prostate cancers, D6 has been studied in lung 

and breast cancers, CXCR7 in different cancer types, including glioma, lung, 

breast, prostate, and liver cancers, CCRL1 in breast and cervix cancers, and 

CCRL2 in glioblastoma and B-cell CLL. As it can be seen, all of these decoy 

chemokine receptors have been studied in breast cancer except for CCRL2.   

 

2.2.1. Duffy Antigen Receptor for Chemokines (DARC) 

DARC was primarily identified as Duffy blood group antigen, the 

erythrocyte receptor for malaria parasite Plasmodium vivax; and later, it was 

described as an erythrocyte receptor for CXCL8. Other than erythrocytes of 

the Duffy antigen positive individuals, DARC is also found on the vascular 

endothelial cells lining post-capillary venules, collective venules and small 
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veins in different tissues such as spleen and lymph nodes, on the epithelial 

cells of kidneys and lungs, and expressed by neurons in discrete anatomic 

sites of the brain including Purkinje cells [19]. DARC does not contain 

intracellular signaling motifs and does not induce signaling or migration 

cascades. This silent receptor has important functions in chemokine 

transcytosis, clearing chemokines from the blood stream and leukocyte 

tethering to the endothelium, thus regulating plasma chemokine 

concentration [20]. DARC expression is up-regulated during inflammation 

and it binds both pro-inflammatory CC (e.g. CCL2, CCL5) and CXC (e.g. 

CXCL1, CXCL3, CXCL5, CXCL6, CXCL8) families of chemokines, but not 

the homeostatic chemokines [21]. DARC is the only mammalian chemokine 

receptor that binds ligands from more than one chemokine subfamily [22]. 

 

2.2.2. D6  

D6 is the second best characterized member of atypical chemokine 

receptors. It is expressed in placenta, on lymphatic endothelial cells (in gut, 

skin, lung, and liver) and on immune cells. This atypical receptor binds many 

inflammatory CC chemokines (CCL2, 3L1, 4, 5, 7, 8, 11-14, and 22) and 

weakly CCL17. Upon ligation, D6 undergoes rapid internalization and the 

internalized ligand becomes degraded while the receptor recycles onto the 

cell surface. The lack of D6 expression has been correlated with impaired 

chemokine clearance, uncontrolled and continuous inflammation in various 

inflammatory models such as Mycobacterium tuberculosis infection, phorbol 

ester-induced cutaneous inflammation, and inflammatory bowel disease. In 

addition to lymphatic endothelial cells, different populations of immune cells 

including dendritic cells (DCs), macrophages and B cells express D6. It has 

been reported that in contrast to its classical function on lymphatic 

endothelium, when expressed on the leukocytes D6 can also promote 

inflammatory reactions in certain experimental models [23]. 
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2.2.3. CXCR7 

Coupling of CXCR7 with G proteins is still controversial [24]. In several 

cell types, CXCR7 functions as a signaling receptor as evidenced by 

phosphorylation of MAPKs or serine/threonine kinase Akt [24]. Recently, 

CXCR7 has also been classified as a member of the atypical chemokine 

receptor family [3]. The ligands of CXCR7 are CXCL12 (stromal cell-derived 

factor 1, SDF-1) and CXCL11 (interferon-inducible T cell α chemoattractant, 

I-TAC). CXCR7 expression is found on T cells, differentiated neurons, 

activated tumor-associated endothelial cells, and in many types of tumors. It 

has been shown to be important for proliferation and survival of the tumor 

cells [25, 26]. CXCR7 has a nearly 10 times higher binding affinity for 

CXCL12 as compared with CXCR4 [27]. In contrast to CXCR4, CXCR7 does 

not activate intracellular signaling upon interaction with CXCL12 or CXCL11 

[28]. Other than competing for CXCL12 binding, CXCR7 can modulate 

CXCR4-mediated processes directly by crosstalking and forming 

heterodimers with CXCR4 [29-31]. Alternatively, it is interesting that CXCR7 

was shown to induce signals that influence the cell proliferation and migration 

in different types of tumor cells, primary interneurons, primary rodent 

astrocytes, and human glioma cells [27, 32, 33]. 

 

2.2.4. CCX-CKR 

CCX-CKR (Chemocentryx Chemokine Receptor, Chemokine CC motif 

Receptor-Like 1, CCRL1) was recently discovered and is predominantly 

expressed in the epithelial cells of heart and lung [34]. CCX-CKR binds the 

homeostatic chemokines CCL19, CCL21, CCL25, and weakly CXCL13 [35]. 

It is involved in the regulation of homeostatic lymphocyte trafficking and of 

immune responses [36]. By efficiently binding CCL19 and CCL21, CCX-CKR 

especially regulates the CCR7/CCL19/CCL21 axis. Binding of CCL19 to 
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CCR7 ends with its internalization and degradation, then the receptor 

becomes desensitized. On the other hand, following CCL21 ligation, CCR7 

remains stable at the cell surface but its signaling capacity is limited [6]. In 

the absence of CCX-CKR, CCL19 and CCL21 levels rise in tissues and 

lymph nodes [37]. In mice lacking CCX-CKR, DC migration to lymph nodes is 

impaired and immune responses become weakened in the draining lymph 

nodes. These aspects might demonstrate the regulatory functions of CCX-

CKR on CCR7-mediated responses. Following immunization for experimental 

autoimmune encephalomyelitis (EAE), Ccrl1-/- mice show earlier disease 

onset and irregular TH17 responses. Herein, high levels of CCL21 induce IL-

23 synthesis in DCs that promote the pathogenic differentiation [38]. Thus, a 

complicated relationship exists between CCX-CKR and CCR7 axis in the 

peripheral immune system. CCX-CKR is also expressed in the thymus and 

affects thymic stroma, thymic chemokine localization, and negative selection 

of thymocytes indicating its role in the maintenance of tolerance [39].  

 

2.2.5. CCRL2 

CCRL2 (Chemokine CC motif Receptor-like 2) was first cloned from a 

polymorphonuclear leukocyte (PMN) cDNA library as an orphan receptor 

called Human Chemokine Receptor (HCR) with the molecular weight of 39 

KDa, in 1997 [40]. CCRL2 gene was mapped by fluorescence in situ 

hybridization to the p21-23 region of chromosome 3, in the main cluster of 

the CC chemokine receptor genes. CCRL2 shares over 40% sequence 

homology with CCR1, CCR2, CCR3, and CCR5 [5, 8]. The human gene 

CCRL2 is transcribed into two  variants deriving from alternative splicing 

named Chemokine Receptor on Activated Macrophages (CRAM-A) and a 36 

base pair shorter, more common variant, CRAM-B. CRAM-B is also known 

as human chemokine receptor, HCR [7, 8]. The protein sequence of CRAM-A 

is twelve amino acid longer at the N-terminus than that of CRAM-B [40]. 



14 
 

 
 
 
 
 
 
 

mCCRL2, the murine orthologue to CRAM (lipopolysaccharide inducible C-C 

chemokine receptor, L-CCR-related gene) only shares 51% sequence 

homology with the human gene. There is only one CCRL2 variant in murine 

species, which shares a higher homology with human CRAM-B variant. It has 

been stated that L-CCR binds CCL2, -5, -7, and -8, but this remains 

controversial [41]. 

Like other members of the atypical chemokine receptor family, CCRL2 

holds a modified DRYLAIV motif, with a glutamine (Q) at position 127 instead 

of aspartic acid (D), replacing an acidic residue with a neutral one preventing 

coupling to the Gi protein. Therefore, interaction of CCRL2 with its ligands 

does not induce any classical signaling response. Also, it has been shown 

that CCRL2 expression was associated with reduced MAPK activity [6]. 

CCRL2 displays a narrow binding spectrum. This atypical receptor 

couples with chemerin, an adipokine and chemotactic factor agonist for 

chemokine-like receptor 1 (CMKLR1) (also known as ChemR23) and G 

protein-coupled receptor 1 (GPR1). Binding of chemerin to CMKLR1 triggers 

calcium mobilization, receptor and ligand internalization, and cell migration. 

Whereas, coupling of chemerin with CCRL2 does not induce this classical 

receptor activation. On the other hand, CCRL2 concentrates chemerin on the 

cell surface and presents it to cells in the vicinity. Thus, CCRL2 can regulate 

chemerin bioavailability. The consequences of chemerin binding to GPR1 

has not been clearly known. However, it does not support cell migration [41]. 

It has been shown that CCRL2 expression may change in the 

presence of CCL5.  CCL5 is suggested to be a ligand for CCRL2. Hartmann 

et al. demonstrated that  the surface expression of CCRL2 is dependent on 

the maturation stage of the B lymphocytes. Furthermore, it is upregulated 

upon stimulation with the inflammatory chemokine CCL5, as CCL5 induced 

MAPK activation [7]. On the other hand, no calcium response upon CCL5 

stimulation or migration towards CCL5 was detected in Nalm6 cells, a 
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CCRL2+ pre-B acute lymphoblastic leukemia cell line. These authors have 

also claimed that CCL5 can induce high actin polymerization and MAPK 

activation in both CRAM-A and CRAM-B transfected cells. They proposed 

that these capacities are important signs for receptor recycling [7]. However, 

there are several other reports that contradict with decoy functions of CCRL2. 

It has been reported that mCCRL2/HEK293 transfected cells respond 

functionally to chemokine ligands CCL2, CCL5, CCL7, and CCL8 through 

intracellular calcium mobilization and transwell chemotaxis [42]. On the other 

hand, in a study done by Zabel et al. to investigate possible functional roles 

for CCRL2 and to identify CCRL2 ligands, the chemokines CCL2, CCL5, 

CCL7, and CCL8 were applied on mCCRL2-transfected L1.2 cells, the 

mouse pre-B lymphoma cell line. These chemokines did not induce cell 

migration in transwell chemotaxis assays. In addition, other chemokines 

tested (CCL11, CCL17, CCL22, CCL25, CCL27, CCL28, CXCL9, and 

CXCL13) did not result in chemotaxis activity [43].  

CCL19 is a specific ligand for CCRL2. Upon binding CCL19, CCRL2 

internalization occurs but the receptor constitutively recycles back to cell 

surface. These properties suggest a regulatory role for CCRL2 in immune 

responses and homing processes [8]. Leick et al. reported that beside CCX-

CKR, CRAM-B is another atypical chemokine receptor that has some 

relevance to the CCR7 axis, since it can bind and internalize CCL19 [8, 37]. 

CCRL2 shows a constitutive cycling activity, which results in CCL19 

internalization. Therefore, it is an effective modulator of CCR7 functions [6]. 

In the beginning, CCRL2 might compete with CCR7 to bind CCL19, but later 

it may favor CCL19 presentation to CCR7- expressing cells of the B 

lymphocyte origin [6]. 

CCRL2 is expressed on almost all human hematopoietic cells 

including monocytes, macrophages, basophils, mast cells, PMNs, CD4+ and 

CD8+ T cells, pro- and pre-B cells (depending on the maturation stage), DCs, 
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NK cells, and CD34+ progenitor cells [44]. At mRNA level, CCRL2 expression 

is up-regulated on human PMNs, in response to LPS or TNF; on human 

monocyte-derived iDCs in response to LPS+IFN-γ and CD40L; and, on 

human T cells upon stimulation with anti-CD3 or IL-2 [45]. In addition, CCRL2 

mRNA is also detected in human pre-B acute lymphoblastoid leukemia cell 

lines, Nalm6, G2, and in mouse astrocytes and microglia cells [45]. It has 

been reported that CCRL2 expression is induced during DC maturation, both 

in vitro and in vivo [46]. 

In order to investigate the biological relevance of CCRL2 in migration 

and maturation of lung DCs in airway allergy and inflammation, Otero et al. 

generated CCRL2-deficient mice (CCRL2-/-). These mice were used in a 

model of airway hypersensitivity [46]. In this study, CCRL2-/- mice showed a 

dramatic reduction in the total number of lung leukocytes, in particular of 

eosinophils and lymphocyte/mononuclear cells, in comparison with wild type 

animals. A significant reduction in DC migration to mediastinal lymph nodes 

was also apparent. This observation was not directly related with CCRL2 

involvement in the recruitment of these cells, but was associated with the 

reduction of CCL11 and CCL17 chemokines levels in CCRL2-/- mice. This 

may underline an important role of CCRL2 in directing DC migration to 

draining lymph nodes and Th2 priming in the lung [46]. 

 

2.3. Decoy Chemokine Receptors and Cancer 

Chemokines and chemokine receptors are key players in the cancer-

related inflammation [47]. Unresolved pathogen infections and chronic 

inflammation are closely related with cancer development. These 

fundamental molecules can be produced by tumor and stromal cells in the 

tumor microenvironment. In the progressive way of carcinogenesis, 

chemokines and their receptors are factors mediating the recruitment of 
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tumor-promoting cells such as myeloid-derived suppressor cells (MDSCs), 

tumor-associated macrophages (TAMs) and tumor-infiltrating lymphocytes 

(TILs). Chemokine systems welcome directional migration and metastasis of 

tumor cells together with leukocytes to specific target tissues. They can 

mediate the leukocytes’ effects on cancer cell survival, metastasis, and 

regulation of angiogenesis [47]. Chemokines and chemokine receptors are 

up-regulated in different types of cancers. Type and amount of the secreted 

chemokines specify character and quantity of immune cell infiltration in the 

tumor microenvironment [48].    

DARC and D6, the two best characterized members of atypical 

chemokine receptors may serve as a systemic barrier to metastasis of cancer 

cells through the two main spreading (hematogenous and lymphatic) ways. 

DARC is broadly expressed on erythrocytes and vascular endothelial cells 

and D6 is expressed on lymphatic endothelial cells [49]. Experimental studies 

have demonstrated that DARC expression has a negative influence on tumor 

metastasis and angiogenesis [50]. DARC is the essential modulator of 

prostate cancer progression by clearing angiogenic chemokines from the 

tumor microenvironment and reducing angiogenesis. It has been shown that 

in humans who lack erythroid DARC, prostate cancer progression and 

mortality was increased [12]. In breast cancer, D6 expression attenuates 

lymph node metastasis and is negatively correlated with clinical tumor stage 

[51]. D6 expression is significantly decreased in colon tumors compared to 

non-tumor tissue from the same individual. Moreover, D6 expression was 

lower in advanced tumors. Hence, tumor cells can benefit D6 down-

regulation as a mechanism to shape the regional chemokine network to favor 

tumorigenesis and spread [22]. 

CXCR7 expression is higher in transformed cells as compared to their 

normal non-transformed counterparts [24]. CXCL12-CXCR7 or CXCL12-

CXCR4 interactions mediate recruitment of endothelial progenitor cells and 
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sustain neo-angiogenesis in tumors [52]. CXCR7 is high on breast and lung 

cancer cells. Hypoxia induces its expression on endothelial and tumor-

associated vessels. This correlates with cell proliferation, neo-angiogenesis, 

vascularization, and metastatic potential. CXCR7 has been found to be up-

regulated on prostate cancer cells and on aggressive tumors. This correlates 

with cell proliferation, survival, adhesion, chemotaxis and increases the 

expression of pro-angiogenic factors such as IL-8, vascular endothelial 

growth factor (VEGF) and transforming growth factor (TGF)-β. CXCR7 

expression level is suppressed by CXCR4 activation in prostate cancer cells. 

Thus, CXCR7 expression on tumor cells can be an important factor in 

promoting tumor cell proliferation and angiogenesis [53]. 

In breast cancer, CCX-CKR overexpression restricts cell proliferation 

and invasion, in vitro; and tumor progression and metastasis, in vivo. In 

contrast, low levels of CCX-CKR expression are correlated with poor 

prognosis in breast cancer patients [22]. Recent studies on breast and gastric 

cancer tissues have shown that co-expression of DARC, D6, and CCX-CKR 

is significantly lower in invasive breast cancer compared to non-invasive 

breast cancer and healthy breast tissues. The presence of these markers is 

indicative of relapse-free and improved overall survival both in breast and 

gastric cancers [22, 54]. 

The role of CCRL2 in human cancers is not fully determined and 

understood. There are limited studies on the relationship between CCRL2 

and cancer. One of these studies demonstrated a substantial CCRL2 

expression in human glioma tissues and cell lines. Overexpression of CCRL2 

augmented glioblastoma multiforme (GBM) cell migration and invasion [5]. In 

B cell chronic lymphocytic leukemia (B-CLL), CCL19-CCR7 interaction 

motivates the formation and maintenance of germinal center-like proliferative 

foci. By scavenging CCL19, CCRL2 modifies CCL19’s availability and 
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regulates function of CCR7 [6]. Thus, CCRL2 expression may modulate 

cancer biology and immunology. 

 

2.4. Tumor Immunology 

Upon acquisition of sustained proliferative signals, evasion of growth 

suppressors, resistance to cell death, having replicative immortality, 

activation of invasion, metastasis, and angiogenesis processes and 

resistance to anti-tumor immune responses; transformed cells gain complete 

capacity to form advanced cancers [55, 56]. The initiation and progression of 

cancer involve several interactions between tumor cells and immune cells. 

DCs are one of the most important antigen presenting cells (APCs) that 

function both in innate and adaptive immune responses. Immature DCs 

sample foreign molecules as well as tumor antigens in the peripheral non-

lymphoid tissues. They begin to mature and migrate to secondary lymphoid 

organs, where they present the peptide antigen via major histocompatibility 

complex (MHC) molecules to stimulate naïve T cells [56, 57]. Thus, upon 

efficient presentation of tumor antigens, cognate T cells become activated 

and eliminate the tumor. Whether newly transformed tumor cells’ antigens 

are enough to induce anti-tumor immune responses or whether their 

expression can be modulated following interaction with the immune system is 

not clearly known. Models employing newly generated tumors from primary 

cells have shown that cancer progression is the result of a T-cell-dependent 

immunoselection process leading to the outgrowth of tumor cell clones 

displaying reduced immunogenicity (according to immune selection 

hypothesis) [58]. 

The immune system acts as a guardian to detect and eliminate 

transformed cells through a process called immunosurveillance. However, 

during this battle, beside protective role of the immunity against tumor, 
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immune system-tumor interaction may promote the development of cancer 

[58]. Here, the concept of “cancer immunoediting” is defined by three key 

stages: Elimination, Equilibrium and Escape. In this model, “Elimination” 

phase serves as cancer immunosurveillance, where tumors are recognized 

and subverted by different components of the immune system. During the 

“Equilibrium” phase, both the tumor and the immune cells are interacting to 

shape each other and generate a balance. Eventually, some tumor cells 

“Escape” the immune system and grow uncontrollably (Figure 2.3) [59, 60].  

 

 

Figure 2.3. Cancer immunoediting: from immunosurveillance to tumor 

escape. Taken from Dunn et al. [60]. 

   

The immunosurveillance/elimination mechanism can be more 

successful in eradication of certain cancers and control the tumor removal by 

taking advantage of both cellular and molecular components of the innate 

and adaptive immune system. The major anti-tumor components include NK 

cells, CD4+ T (especially Th1 type) cells and CD8+ cytotoxic T lymphocytes 

(CTLs), and IFN-γ, perforin, granzyme, Fas/FasL, TRAIL and NKG2D 

molecules. NK cells eliminate tumor cells by recognizing the malignantly 

transformed/DNA-damaged tumor cells (i.e. stressed cells) or the activating 
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ligands (e.g. NKG2D ligands) on tumor cells. Activated NK cells can directly 

kill the tumor cells, secrete inflammatory cytokines (mainly IFN-γ to activate 

M1 and Th1-mediated immune responses). CD4+ helper T cells play roles in 

anti-tumor immune responses following the recognition of tumor antigens 

through class II MHC molecules. They provide cytokines for effective CTL 

development, secrete TNF and IFN-γ, and allow efficient macrophage 

activation. CD8+ CTLs perform the surveillance function by recognizing 

peptides derived from mutant/oncogenic cellular proteins via class I MHC 

molecules and kill the malignant cells [58]. 

The molecular mechanisms mediating the equilibrium phase (tumor 

dormancy) are hardly modeled and poorly understood. Some studies showed 

a possible role for Th1 immunity. The immune-mediated equilibrium may be a 

very prolonged process with tumor cells persisting for years or even decades 

with minimal outcome. Critically, the balance between IL-12 that promotes 

elimination and IL-23 that promotes persistence may function in the 

maintenance of tumors in equilibrium. It has been shown that silent cancers 

in the equilibrium state contain high ratios of CD8+ T cells, NK cells, γδT cells 

and low ratios of NKT cells, Foxp3+ Treg cells and MDSCs in their 

microenvironment. This supports the concept that the balance between 

immune cells and immunosuppressive cells is correlated with the tumor 

dormancy. However, the factors that shift this balance in favor of tumor 

escape are not well known; but, lack of the tumor specific antigens or of the 

capacity to present them can be crucial in this process. This is further 

supported by findings that by IFN-γ and TNF production tumor antigen-

specific T cells can inhibit the growth of a pancreatic tumor in mice [58]. In 

the absence of either TNFR1 or IFN-γ signaling, the same T cells promote 

angiogenesis and carcinogenesis [61]. Additionally, while IFN-γ and TNFR1 

signaling are strictly required in cancer cell senescence, TNFR1-/- cancer 

cells resist cytokine-induced senescence and grow aggressively. Therefore, 

as IFN-γ and TNF stimulate tumor cell senescence in different cancers, this 
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may be a general mechanism for arresting cancer progression and escape 

[62].   

Tumor escape can emerge through several mechanisms. One of these 

mechanisms is reduced immune recognition through the decrement or failure 

of presenting tumor antigens, downregulation of class I MHC molecules or 

costimulatory molecules. Another mechanism of tumor escape can be 

resistance or survival through increased expression of STAT3 or anti-

apoptotic molecule Bcl2. Tumor can also escape from the immune system by 

reconstruction of an immunosuppressive tumor microenvironment rich in 

immunosuppressive molecules such as VEGF, TGF-β, PD-1/PD-L1, IL-10, or 

recruitment of immunoregulatory cells such as Tregs and MDSCs [58, 63]. 

These changes may render the tumor cells invisible to T lymphocytes yet 

result in ineffective immune responses. Immunosuppression can activate 

dormant tumor cells and shift the equilibrium towards the escape phase [64]. 

 

2.5. Breast Cancer 

Breast cancer is the most common cancer in women. More than 1.3 

million women are affected by breast cancer every year and it is related with 

14% of cancer-related deaths [65]. Breast cancer is a heterogeneous 

disease. Gene expression analyses and molecular characterizations in 

different breast cancer cell lines have indicated that there are several 

oncogenic mutations in breast cancer [66]. Mutations in PI3K pathway and/or 

p53 and RB tumor suppressor genes are frequent among all types of breast 

cancers. Mutation profile in the cancers with luminal properties frequently 

involves E-cadherin, MAPK gene mutations and amplifications of CyclinD1, 

ERBB2, and HDM2, while the basal-like cancers’ mutation profile commonly 

involves BRCA1, RB1, RAS, and BRAF [66]. Estrogen receptor (ER), 

progesterone receptor (PR), and ERBB2/HER2 are important markers for 
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classification of breast cancer subtypes and for targeted therapies [67]. With 

the use of gene expression profiling and DNA microarray analyses, breast 

cancer has been classified into 5 major molecular subtypes: luminal type A, 

luminal type B, basal-like, HER2 type, and normal breast-like types. 

I. Luminal-A tumors represent 50-60% of breast carcinomas. Luminal-

A subtype is ER-positive, PR-positive and HER2-negative and share 

expression markers with luminal epithelial layer of cells lining normal breast 

ducts. They show low histological grade, favorable prognosis, and less lymph 

node involvement [65-67].  

II. Luminal-B subtype ranges between 10-30% of breast cancers and 

displays rapid proliferation, sustained oncogene amplification (e.g. MYC), 

and less favorable prognosis. Luminal-B tumors are ER-positive, PR-positive 

or -negative, and HER2- positive or -negative. They also share expression 

markers with breast luminal epithelial cells. Patients with hormone receptor-

positivity represent better prognosis than those with hormone receptor-

negative breast cancer. Proteomic analyses have shown that luminal-B 

tumors are generally associated with high plasma CCL5, EGF, PDGF, and 

TGF-β levels [65]. 

III. Basal-like breast cancer subtype represents a prevalence of 

approximately 10-20%. Basal-like tumors show primarily triple negative 

breast cancer (TNBC) phenotype that expresses neither ER or PR, nor 

HER2. They share expression markers with the underlying basal 

(myoepithelial) layer of normal breast ducts, carry frequent chromosome 

segmental gain/loss, and BRCA1 gene mutations. Basal-like breast cancers 

display high histological grade (more likely to be grade III), are diagnosed in 

younger women, show early metastasis (but show less lymph node 

involvement), and are associated with poor prognosis with limited therapeutic 

options. The proteins involved in cytokine and growth factor signaling such as 
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STAT1, CCL5, and VEGF are abundant in the plasma and lead to increased 

migration and invasion [65, 68]. 

IV. Approximately 4-7% of the breast carcinomas can be categorized 

as HER2-enriched subtype. HER2 (ERBB2)-enriched tumors are associated 

with overexpression and amplification of HER2 (epidermal growth factor 

receptor) oncogene and related genes. HER2-positive tumors show 

increased cell proliferation and motility, increased angiogenesis and tumor 

invasiveness and decreased apoptosis. HER2-overexpressing cells which 

are ER- and PR-negative are manifested with high histological grade, 

younger age, advanced disease at the time of diagnosis, more lymph node 

involvement, increased risk of metastasis preferentially to lung, liver and 

brain, negative hormone receptor status, and short survival rate [68]. The 

proteins involved in lipid and glucose metabolism, stress-mediated 

chaperones, detoxification, and proteins related with tumor survival, 

chemoresistance, and poor prognosis are upregulated in HER2-

overexpressing tumors [65].  

V. Normal breast-like cancers are not well distinguished in the 

literature, but these tumors share expression markers with normal breast 

tissue [66, 67]. Normal breast-like gene expression pattern show the highest 

expression of many genes expressed by adipose tissue and other non-

epithelial cell types (fibroblasts, macrophages, and lymphocytes). This 

subtype also exhibits strong expression of basal epithelial genes and low 

expression of luminal epithelial genes [69].  

Breast cancer classification according to the gene expression 

analyses has led to the clinical characterization representing correlation with 

survival, disease relapse, site of preference of metastatic spread and 

chemotherapy response (Table 2.3) [65]. 

 



25 
 

 
 
 
 
 
 
 

Table 2.3. Breast carcinoma subtypes: histopathological, molecular and 

clinical features. Taken from Lam et al. [65]. 

 

 

Breast tumor staging according to the histopathological properties and 

TNM (primary tumor, regional nodes, metastasis) of the tumor is also very 

important for accurate prognosis and therapeutic decision making [70, 71]. 

The proliferation of malignant epithelial cells inside the breast ducts is 

called ductal carcinoma in situ (DCIS). Untreated DCIS likely develops 

invasive breast cancer within 5 years. Prognostic features such as extensive 

disease, necrosis, poor nuclear grade, and presence of hormone receptors 

overexpression of HER2 may help to identify the risk for local recurrence 

after conventional (surgery and/or radiation) therapies [70-72]. 

The proliferation of malignant cells inside the breast lobules is called 

lobular neoplasia or lobular carcinoma in situ (LCIS). It has been shown that 

approximately 30% of patients whose lesions had been removed developed 

cancer after 15-20 years. Lobular neoplasia can be defined as a 
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premalignant lesion that likely develops breast cancer. Molecular analysis of 

these patients’ biopsies can be a good indicator to detect patients who are at 

the risk of further progression [70].  

Invasive breast carcinoma have been divided into five groups; invasive 

ductal carcinoma, invasive lobular carcinoma, medullary carcinoma, colloid 

carcinoma, and tubular carcinoma. 

Majority of breast cancers (70-80%) fall into the group called invasive 

ductal carcinoma. In most ductal carcinomas, normal breast fat is replaced 

with fibrous or connective tissue. Lymphovascular invasion is common. About 

two third of invasive ductal carcinoma express estrogen or progesterone 

receptors, and about one third overexpress HER2 [73, 74]. 

Cells of the invasive lobular carcinoma invade individually into the 

surrounding stroma and form strands or chains. This growth pattern is 

correlated with mutations in E-cadherin. Lobular carcinoma specifically 

invades cerebrospinal fluid, serosal surfaces, gastrointestinal tract, ovary, 

uterus, and bone marrow. Nearly all of these carcinomas express hormone 

receptors, but HER2 overexpression is rare [73]. 

Medullary carcinoma incidence is less than 1%. These cancer cells 

form sheets of large neoplastic cells with high lymphocytic infiltrates. Women 

with BRCA1 mutations manifest increased frequency for medullary 

carcinoma. These carcinomas do not express estrogen and progesterone 

receptors and do not overexpress HER2. Therefore, they demonstrate a 

triple negative phenotype [73, 74].  

Colloid (mucinous) carcinoma also is a rare cancer. These tumor cells 

produce high quantities of extracellular mucin, which spreads into the stroma. 

They form soft and gelatinous masses. They express hormone receptors, but 

do not overexpress HER2 [73]. 
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Tubular carcinoma accounts for 10% of invasive carcinomas smaller 

than 1 cm. They show irregular densities with well-formed tubules, rare lymph 

node metastasis, and good prognosis. They express hormone receptors and 

no HER2 overexpression [73].      

 

2.6. Chemokine Network in Breast Cancer 

Chemokines and chemokine receptors play vital roles in breast cancer 

progression and metastasis, including proliferation, invasion, migration, 

senescence, angiogenesis, and regulation of immune responses [49]. Many 

chemokines are expressed by normal breast epithelium at low levels. These 

include CXCL1, CXCL2, CXCL5, CXCL6, CXCL8, CXCL20, CX3CL1, CCL2, 

and CCL7. CXCL1-3 and CXCL5-8 are also detected in human milk. In many 

cases, chemokines are detected at higher levels in breast cancer tissues 

compared to normal tissues. There is accumulating evidence on the roles of 

CXCL8 (IL-8), CCL2 (MCP-1), CCL4, and CCL5 (RANTES) in breast cancer 

[12]. 

Elements of the tumor microenvironment (cytokines, growth factors, 

stromal cells, and malignant tumor cells) are in a dynamic interaction with 

tumor infiltrating immune cells, which can support or restrict tumor growth 

[75]. Basically, infiltrating immune cells function in elimination of tumor cells, 

however factors in the tumor microenvironment modify these cells and 

suppress anti-tumor immunity. The major immune cell types found in breast 

cancer microenvironment are macrophages, myeloid-derived suppressor 

cells, and T lymphocytes. 

Tumor associated macrophages (TAMs) are one of the most important 

immune cells that infiltrate tumor and are found in the tumor 

microenvironment in different types of cancer, including breast cancer. Tumor 

cells release colony stimulating factor-1 (CSF-1) and the chemokine CCL2. 
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These factors are the major growth factors and chemoattractants for TAMs. 

TAMs in turn produce high amounts of immune-suppressive IL-10 in the 

tumor microenvironment [76]. 

CCL5 can be produced by breast tumor cells and other cells of the 

tumor microenvironment (i.e. bone marrow as metastatic foci) including 

osteoblasts and mesenchymal stem cells. Beside TAMs and Tregs, CCL5 

promotes the infiltration and differentiation of myeloid derived suppressor 

cells (MDSCs) to breast tumor microenvironment [77]. 

CCR5 and its ligands CCL3, CCL4, and CCL5 are also important 

factors for CD4+ helper T cells and CD8+ cytotoxic T cells infiltration, DC 

activation, antigen cross presentation, and anti-tumor immune responses in 

tumor microenvironment [78]. CXCL10 overexpression by basal breast 

cancer cells, activated T lymphocytes, endothelial cells, fibroblasts, 

monocytes, and keratinocytes attracts other immune cells which express 

CXCR3, including NK cells, monocytes, and more activated T lymphocytes 

[79]. 

CCR7 expression on breast tumors has been correlated with poor 

prognosis [80]. Intratumoral CCL21 can increase T cell infiltration in breast 

cancer. CCL21 in combination with IFN-γ are positively correlated with good 

prognosis [81]. Beside CCL21, CCR7 is activated by binding CCL19. Under 

normal conditions, naïve T cells use CCL19 to enter into the lymph nodes. 

Thus, it is likely that CCR7-expressing tumors use these chemokines to 

metastasize to lymph nodes. An in vivo study showed that CCR7 directed the 

migration of breast tumor cells to lymph nodes, preferentially those that are 

located in the lung [80]. 

There are several studies associated with chemerin and cancer 

progression [82-84]. However, there is less known about the role and 

expression of chemerin in breast cancer. Rama et al. reported that neither 
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chemerin nor CMKLR1 was detected in 4T1 breast cancer cell line, in vitro; 

however, both genes were highly expressed in the tumors established with 

this cell line, in vivo [85].  

Among tumor infiltrating lymphocytes (TILs), γδ T cells are one of the 

important IFN-γ-mediated anti-tumor immune cells. In vitro studies have 

shown that human γδ T cells migrate toward CCL2, CCL3, CCL4, CCL5, 

CXCL10, CXCL11, and CXCL12. A recent study has demonstrated that 

CCL2/CCR2 signaling is an important pathway in γδ T cell infiltration toward 

tumors and Vδ1 T cells (a subset of γδ T cells) infiltration in breast cancer 

[86]. 

IFN-γ can induce CXCL9 and CXCL10 production; whereas, CCL2 

expression was decreased in the presence of Th1 cells co-cultured with 

breast cancer cell lines. CCL2 is essential in chemotaxis of monocytes and 

Tregs and inhibits CD8+ CTL effector functions [87]. 

The formation of metastatic tumors is a non-random process. Tumor 

cells also utilize chemokines and chemokine receptors to migrate and 

metastasize to distant target tissues and organs. Expression of chemokine 

receptors CXCR4, CCR7, and CCR10 in breast cancer are associated with 

metastasis. Among these chemokine receptors, CXCR4 plays an important 

role in the lymph node trafficking of hematopoietic progenitors and 

endothelial cells [88]. CCR4 is also identified as an important chemokine 

receptor in breast tumor metastasis to lungs. CCR4 expression both on 

breast tumor cells and on CCR4+ Tregs was correlated with breast cancer 

cells’ spread [88].   
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2.7. Immune Responses in Breast Cancer 

Depending on their maturation stage and on the properties of tumor 

microenvironment, immune cells can both restrict or promote cancer 

progression [89].  

Macrophages are important components of the tumor 

microenvironment. Tumor associated macrophages (TAMs) are a 

heterogeneous population of cells influenced by oxygen availability, stages of 

tumor progression, and the factors found in the tumor microenvironment. The 

macrophages with M1 phenotype that has the tumoricidal capacity can 

polarize into M2 immunosuppressive and tumorigenic phenotype under 

immune modulating factors [90]. High densities of macrophages have been 

detected in breast cancer stroma. TAMs promote tumor progression, induce 

angiogenesis, and reduce anti-tumor immune responses. It has been found 

that high infiltration of TAMs is associated with poor prognosis, decreased 

overall survival, and increased risk of recurrence for most solid tumors 

including breast cancer [90]. In breast cancer, TAMs exhibit a clear M2 

phenotype, which is associated with more aggressive histopathological 

characteristics, high tumor grade, metastasis, and decreased overall survival 

[91, 92]. 

Like in other solid malignancies, during breast tumor angiogenesis 

newly formed vessels contain leaky endothelial lining that does not supply 

enough oxygen pressure in the tumor, hence hypoxia develops. Hypoxia 

leads to the necrosis of cells in the area, which provides a factor for attraction 

of macrophages. Accumulation of TAMs in poorly vascularized and hypoxic 

areas of breast cancer has been positively correlated with aggressive tumor 

behavior [93]. Hypoxic conditions in the tumor microenvironment upregulate 

HIF-1α and VEGF by macrophages. In these conditions, TAMs secrete more 

immunosuppressive cytokines such as IL-10 and produce matrix 

metalloproteinases (MMP-2 and MMP-9), degrading the extracellular matrix 
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(ECM) and allowing the tumor cells to metastasize. These factors link breast 

cancer with more metastatic, aggressive malignant behavior, and increased 

patient mortality. Tumor associated macrophages also produce collagen 

fibers that can facilitate tumor cell migration and tumor invasiveness [93]. 

Myeloid-derived suppressor cells (MDSCs) are a heterogeneous 

population of immature myeloid cells that display different maturation levels 

[92]. MDSCs exert their suppressive functions by disturbing both innate and 

adaptive immune responses using immunosuppressive cytokines (TGF-β, IL-

10, IL-6), proinflammatory mediators (VEGF and GM-CSF), and enzymes 

(arginase and indoleamine 2,3-deoxygenase (IDO)) [94]. Protumorigenic 

factors can also be released by MDSCs during tumor development, 

supporting tumor cell survival, and suppressing effector T cells, inhibiting 

anti-tumor immune responses. The number of MDSCs is elevated in 

peripheral blood of breast cancer patients. Additionally, circulating MDSCs in 

metastatic breast cancer are significantly correlated with worse overall 

survival [92]. In addition, the total count of white blood cells and especially 

increased neutrophil to lymphocyte ratio is correlated with poor prognosis in 

breast cancer [95]. 

DCs in the peripheral blood and tumor-draining lymph nodes of breast 

cancer patients are decreased, express low levels of MHC, costimulatory 

molecules, and IL-12 and are dysfunctional. Breast cancer lymph node 

metastasis is correlated with maturation arrest and apoptosis of DCs and 

poor interaction with CD8+ T cells [94]. 

The presence of intratumoral lymphocytes and lymphocyte 

predominant breast cancers were associated with an increased pathological 

complete response (pCR) in comparison with patients without any 

lymphocytic infiltration [92]. High levels of tumor infiltrating lymphocytes 

(TILs) are associated with better prognosis in primary triple-negative breast 

cancer [96]. The majority of TILs in solid tumors consist of CD4+ helper T 
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cells, including Th1 and Th2 cells, regulatory T cells (Tregs), and CD8+ 

cytotoxic T lymphocytes (CTLs) [92]. CD8+ CTLs mediate tumor cell killing 

through recognition of MHCI-associated tumor-specific antigens and 

production of perforin and granzyme molecules for tumor cell lysis. However, 

antigen processing defects in tumor cells have a negative effect on T cell 

recognition and activation [97]. T cells with high affinity for normal breast 

tissue antigens are believed to be deleted by central tolerance during the 

thymic education or by peripheral tolerance due to antigen load in the case of 

breast cancer metastasis or they may not be efficient enough to fight against 

cancer due to tumor (self) antigen recognition. However, some of the T cells 

specific for tumor antigens may escape thymic deletion and migrate to the 

tumor site [94]. It has been found that IL-4 expressing CD4+ T lymphocytes 

support invasion and metastasis of breast cancer cells through TAM 

activation [94].  

CD4+CD25+FoxP3+ Tregs are thymus-derived lymphocytes that are 

induced in the tumor microenvironment. These cells use several mechanisms 

that suppress immune responses including immunosuppressive cytokines 

secretion, modulation of the tumor microenvironment and surface receptors. 

Tregs fundamentally secrete immunosuppressive cytokines including 

transforming growth factor-β (TGF-β) and IL-10 and express cytotoxic T 

lymphocyte antigen-4 (CTLA-4), a family of co-inhibitory receptors expressed 

on T cells. TGF-β suppresses IFN-γ production by Th1 and CD8+ T cells, 

blocking an effective immune response and encouraging tumor progression 

[92]. High level of TGF-β in circulation is associated with enhanced 

metastasis and poor prognosis. TGF-β has the capacity to inhibit the 

activation of CTLs, NK cells, macrophages, and convert naïve CD4+ T cells 

into Tregs [98]. TGF-β provides Treg accumulation in the tumor 

microenvironment and inhibits dendritic cell-T cell cross talk, necessary for T 

cell activation [98]. The forkhead box P3 (FoxP3) transcription factor controls 

the expression of CD25, CTLA-4, and other molecules responsible for 
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mediating Tregs’ suppressive functions, and activates transcription of 

oncogenes. Tregs constitutively express IL-2 receptor (CD25) that promotes 

their high proliferation rate. Tregs stimulate down-regulation of APC functions 

through inhibitory signals by CTLA-4 expression [99]. Treg frequency is 

increased in the blood circulation of breast cancer patients. Accumulation of 

CD4+FOXP3+CD25high Treg in the blood circulation is correlated with 

suppression of anti-tumor immune responses, tumor grade, poor prognosis, 

and reduced survival [94, 95]. In breast cancer, Treg quantity correlates 

significantly with the aggressiveness of the disease (high tumor grade, node 

positivity), shorter overall survival, and decreased recurrence-free survival 

[92]. CTLA-4, an essential regulator of T cell activation, maintains self 

tolerance and limits immune reaction by binding CD80 or CD86 costimulatory 

molecules. Its expression has been detected in breast tissue and peripheral 

blood of breast cancer patients [92]. While high number of TILs indicate 

general activation and response of the immune system, the ratio between 

effector T cells and Tregs may display a better prognostic indicator for breast 

cancer survival [100]. On the other hand, high CD8+ and low FoxP3+ T cell 

infiltrates after chemotherapy are positively correlated with increased 

disease-free survival. Tumor-specific CTLs tend to have low proliferation, to 

differentiate in the breast tumor microenvironment, and to produce high 

levels of IFN-γ and low levels of TGF-β [94]. A high Th1 and CTL response 

relative to Th2 and Treg responses are identified with favorable disease 

outcome. Molecular profiling of breast cancers has demonstrated that 

aggressive breast tumors (most frequently triple-negative) show high 

expression of Th2 and Treg genes and a low Th1/Th2 gene ratio [94]. Tumor 

infiltrating B7-H1+/PD-1+ T cells and Tregs indicate high risk in breast cancer 

[94]. 

Activated T cells display high levels of specific cytotoxicity by 

circulating Th1 cytokines. Th1 cells are the fundamental source of IFN-γ that 

functions as a major anti-tumor agent. It has been demonstrated that 
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activated T cells and IFN-γ in Th1-enriched breast tumor microenvironment 

have induced smaller tumor size and reduced the number of MDSCs [87]. 

Conversely, IFN-γ produced by tumor-specific T lymphocytes may also 

induce MDSC differentiation. However, Th1 cells are rendered inactive or 

change phenotype into Foxp3-expressing Tregs by immunosuppressive 

factors in the tumor microenvironment [87, 98]. 

B cells or plasma cells have also been shown in breast cancer. 

Immunoglobulin G (IgG) that present in the tumor stroma can be an immune 

biomarker for prognosis and chemotherapy response in breast cancer. B cell 

infiltrates have been correlated with better prognosis in breast cancer [95]. 

On the other hand, the presence of tumor-specific antibodies (specially IgM) 

were associated with reduced tumor-specific T cell responses, increased 

intratumoral TGF-β, and advanced tumor stage [94].      

 

 

 

 

 

 

 

 

 

 

 



35 
 

 
 
 
 
 
 
 

3. MATERIALS AND METHODS 

This work has been done in Hacettepe University Cancer Institute, 

Department of Basic Oncology Laboratories through November 2010-

February 2014.  

 

3.1. Materials Used in This Work 

Chemical and biological materials used in this study are listed below: 

Phosphate buffered saline (PBS) (Calbiochem, USA); Agarose, low glucose 

(1g/L glucose)/high glucose (4.5 g/L glucose) Dulbecco’s Modified Eagle 

Medium (DMEM), RPMI medium, Fetal Bovine Serum (FBS), Ficoll 1077 

(Lonza, USA); β-mercaptoethanol, Ethidium Bromide, Ficoll 1119, 

hydrocortisone, insulin (Sigma-Aldrich, USA); LPS, rhIFN-γ, rhCCL5, 

rhCCL19, rhchemerin (R&D Systems, USA); CCL5 and CCL19 ELISA assay 

kits (RayBiotech, USA); EDTA disodium salt, FuraRedII reagent (Invitrogen, 

USA); Human Embryonic Kidney (HEK293T) Cell Line (gift from Dr. Ihsan 

Gursel, Bilkent University, Turkey); MDA-MB-231, MDA-MB-468, MCF-7 (gift 

from Dr. Alison Benham, Oxford University, UK); BT-474 (gift from Dr. Elif 

Erson-Bensan, METU, Turkey); HCC38, SK-BR-3, T-47D, ZR-75-1 breast 

cancer cell lines, and MCF-12A normal breast cell line (ATCC, USA); Taq 

DNA polymerase, 10X Taq buffer (NH4)2SO4, MgCl2 (25 mM), 6X loading 

dye, Oligo (dT)18 primer, deionized nuclease-free water, RT reaction buffer 

(5X), dNTP mix (10 mM), Ribonuclease inhibitor, Reverse transcriptase, MluI 

restriction digestion enzymes, 10X NEB buffer, 10X Bovine Serum Albumin 

(BSA), buffer R (10X) with BSA, T4 DNA ligase, T4 DNA ligase buffer, 50 bp 

DNA ladder, 1 Kb DNA ladder, dNTP mixture (2 mM), Pfu DNA polymerase, 

10X Pfu buffer, Mr. Frosty Freezing container Nalgene (Fermentas, 

Lithuania); DyNazyme DNA polymerase, 10X buffer for Dynazyme DNA 

polymerase (Finnzymes, Finland); XmaI, NheI, Phusion DNA polymerase, 5X 
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Phusion buffer (New England BioLabs, USA); Primer oligonucleotides (Alpha 

DNA, Canada); 10X Tris-Borate-EDTA (TBE) buffer (Dr. Zeydanli, Turkey); 

Tris base, Boric acid (Sigma, USA); pIRES2-EGFP vector (BD Biosciences 

Clontech, USA); DH5a E.coli competent bacteria, NaC2H3O2.3H2O (Merck, 

USA); CaCl2 anhydrate, MnCl2.4H2O (Applichem, USA); Yeast extract, 

Tryptone, Bacto Agar (BD, USA); Sodium chloride (NaCl) (Merck, Germany); 

Kanamycin, Ampicillin, Wizard® Plus Minipreps DNA Purification System 

(Promega, USA); L-glutamine, Penicillin-Streptomycin, Puromycin, Trypsin-

EDTA, non-essential amino acids solution (PAA, Austria); cell culture flasks, 

15/50 mL falcon tubes, cryovial tubes (Corning, USA); 6-well plate, 96-well 

plate (Costar, USA). 

 

3.2. Buffers and Solutions 

TBE Buffer: 1X TBE buffer was either diluted from 10X TBE buffer or was 

freshly prepared. In order to prepare 10X TBE buffer, 108 gr of Tris base, 55 

gr of Boric acid, and 7.5 gr of EDTA were dissolved in 1 liter dH2O.  

Luria Bertanni (LB) Broth and LB Agar: 2.5 gr Yeast extract, 5 gr 

Tryptone, and 2.5 gr NaCl were mixed and completed to 500 mL with dH2O. 

To prepare LB agar, 2.5 gr Yeast extract, 5 gr Tryptone, and 2.5 gr NaCl 

were dissolved in dH2O, and then 7.5 gr Agar was added, mixed, and 

completed to 500 mL with dH2O. Then, they were sterilized using autoclave. 

After cooling, the media were stored at 4°C. 

For LB agar plates, 25 mL LB agar was poured into each plate. These 

plates contained either 50 µg/mL kanamycin or 100 µg/mL ampicillin.  

Competent Solution: This solution contained: 40 mM NaC2H3O2.3H2O, 100 

mM CaCl2 anhydrate, and 70 mM MnCl2.4H2O in 50 mL with dH2O. pH of the 

solution was adjusted to 5.5, filtered using a 0.22 µm filter, and stored at 4°C. 
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RNase-Free DNase: Lyophilized DNase enzyme (QIAGEN, Germany) was 

reconstituted with RNase-DNase-free dH2O, aliquoted as 30 µL volumes into 

RNase-DNase-free tubes and stored at -20°C.  

Full DMEM (low or high glucose): In order to prepare full cell culture 

medium; into 500 mL DMEM, 10% (55 mL) heat-inactivated fetal bovine 

serum (FBS), 1% (5.5 mL) L-glutamine, and 1% (5.5 mL) penicillin and 

streptomycin were added and mixed well. Completed media were stored at 

4°C. 

Full RPMI Medium: In order to prepare full serum cell culture medium, into 

500 mL RPMI medium; 10% (55 mL) heat-inactivated fetal bovine serum 

(FBS), 1% (5.5 mL) L-glutamine, and 1% (5.5 mL) penicillin and streptomycin 

were added and mixed well. Completed media were stored at 4°C. 

Full DMEM-F12 Medium for MCF-12A: 500 mL DMEM-F12 medium 

containing L-glutamine was mixed with 1X MEM non-essential amino acid 

solution, 20 µg/mL EGF, 0.01 mg/mL bovine insulin, 500 ng/mL 

hydrocortisone, 10% FBS, and 1% penicillin-streptomycin. Completed media 

were stored at 4°C. 

Full McCoy5A Medium: 500 mL medium containing L-glutamine was mixed 

with 10% FBS and 1% penicillin-streptomycin. Completed media were stored 

at 4°C. 

FBS Heat Inactivation: FBS was thawed at 4°C or at room temperature. 

After thawing, it was incubated at 56°C for 30 min. Then, 10 mL aliquots 

were prepared and stored at -20°C. 

Preparation of Recombinant Proteins: rhCCL5 was reconstituted at 100 

µg/mL in sterile PBS containing 0.1% bovine serum albumin (BSA). rhCCL19 

was reconstituted at 25 µg/mL in sterile PBS containing 0.1% BSA. 

rhChemerin was reconstituted at 100 µg/mL in sterile PBS containing 0.1% 
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BSA. rhIFN-γ was reconstituted at 200 µg/mL in sterile dH2O. These 

recombinant proteins were aliquoted and stored at -86°C. 

LPS Solution: 1 mg LPS was weighted and dissolved in RPMI 1640 medium 

at 10 µg/mL final concentration. LPS solution was aliquoted and stored at -

20°C. 

 

3.3. Molecular Techniques 

3.3.1. Total RNA Isolation  

RNA Isolation from Cells: In order to isolate total RNA (QIAamp® RNA 

Blood Mini Kit, QIAGEN, Germany) from cells, they were washed with 1X 

PBS and centrifuged at 2000 rpm for 5 min (Jouan CR3, UK). Supernatant 

was discarded, 350 µL buffer RLT+β-merceptoethanol (10%) mixture was 

added onto the pellet and mixed. 350 µL of 70% ethanol was added, the 

mixture was put into a QIAamp spin column, and centrifuged at 10000 rpm 

for 20 sec. 350 µL buffer RW1 was added to the column and centrifuged at 

10000 rpm for 20 sec (eppendorf, USA). Flow through was discarded. 80 µL 

DNase digestion mixture (70 µL buffer RDD+10 µL DNase) (QIAGEN, 

Germany) was directly added onto the membrane and incubated at room 

temperature for 45 min. After completion of incubation, 350 µL buffer RW1 

was added into the column and centrifuged at 10000 rpm for 20 sec. Flow 

through was discarded. 500 µL buffer RPE was added into the column and 

centrifuged at 10000 rpm for 20 sec. Flow through was discarded. 500 µL 

buffer RPE was added into the column and centrifuged at 13000 rpm for 4 

min. The column was placed in a new 2 mL collection tube and centrifuged at 

14000 rpm for 1 min. The column was transferred into a 1.5 mL DNase- and 

RNase- free microcentrifuge tube. 30 µL RNase-free water, provided by the 

kit, was added directly onto the membrane and centrifuged at 10000 rpm for 

1 min. RNA samples were stored at -86°C.  
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RNA Isolation from Blood: Peripheral blood was diluted with 1X PBS. 5X 

volumes of erythrocyte lysis (EL) buffer was added. Sample was incubated 

on ice for 12 min and meanwhile vortexed (Clifton Cyclone, UK) 3 times (10 

sec each). Sample was centrifuged at 1400 rpm for 10 min at 4°C. 

Supernatant was discarded. Again, pellet was resuspended with 1X PBS, 2X 

volume of EL buffer was added, and vortexed. Sample was centrifuged at 

1400 rpm for 10 min at 4°C. Supernatant was discarded. 350 µL buffer 

RLT+β-merceptoethanol mixture was added on the sample and vortexed. 

The mixture was added into a QIAshredder spin column and centrifuged at 

13000 rpm for 2 min at 4°C. Column was discarded. 350 µL of 70% ethanol 

was added to the flow through and mixed. The mixture was added to a 

QIAamp spin column and centrifuged at 10000 rpm for 20 sec and the 

protocol was continued as the same for “RNA isolation from cells”.   

 

3.3.2. RNase-Free DNase Treatment  

Each total RNA sample (16 µL) was used for DNase treatment 

(Ambion, USA). 2 µL of buffer was added to RNA and then 2.2 µL of 

recombinant DNase1 (2 U/µL) was added. Sample was slowly mixed and 

incubated at 37°C for 45 min. 4.8 µL of DNase inactivation reagent was 

added to the sample and mixed well. Sample was incubated at room 

temperature for 2 min and meanwhile slowly mixed. The sample was 

centrifuged at 13000 rpm for 90 sec. Supernatant was collected in a new 

DNase-RNase-free tube. DNase-treated RNA samples were stored at -86°C. 

In order to check the presence of DNA in RNA samples, 1 µL of each RNA 

sample was used in β-actin PCR. If RNA samples were not free of genomic 

DNA (i.e. PCRs were not negative), they were re-treated with RNase-free 

DNase treatment and again checked by PCR. PCR conditions are given in 

Section 3.3.5.  
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In order to concentrate (pool) the isolated RNAs, all RNAs isolated 

from the same cell were mixed in the tube containing the highest RNA 

concentration (Zymo Research, USA). 2 volumes RNA binding buffer was 

added and mixed. 1 volume of 100% ethanol was added and mixed. The 

mixture was added into a spin column and centrifuged at 13000 rpm for 1 

min. Flow through was discarded. 400 µL RNA prep buffer was added and 

centrifuged at 13000 rpm for 1 min. Flow through was discarded. 800 µL 

RNA wash buffer was added and centrifuged at 13000 rpm for 30 sec. Flow 

through was discarded. 400 µL RNA wash buffer was added and centrifuged 

at 13000 rpm for 30 sec. Flow through was discarded and centrifuged at 

13000 rpm for 2 min. The spin column was transferred to an RNase-DNase-

free tube. RNase-free water was added (putatively calculated to give at least 

40 ng/µL final RNA concentration). Tube was incubated at room temperature 

for 1 min and centrifuged at 10500 rpm for 30 sec.     

 

3.3.3. Spectrophotometric Measurement of Nucleic Acids 

The concentration and quality of the isolated RNA and DNA were 

measured with an UV spectrophotometer (NanoDrop ND-1000, USA) at 260 

nm, 230 nm, and 280 nm. Quality of nucleic acids was determined by using 

A260/A280 and A260/A230 ratios. These ratios for RNA purity is accepted in the 

range of 1.9 – 2.0 and for DNA purity is between 1.8 - 1.9. 

 

3.3.4. cDNA Synthesis 

Single chain complementary DNA (cDNA) was synthesized from total 

RNA by using RevertAidTM First Strand cDNA Synthesis Kit (Fermentas, 

Lithuania). cDNA synthesis reaction components and conditions are shown in 

Table 3.1. The cDNA products were stored at -20°C.  
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Table 3.1. cDNA synthesis reaction components and conditions. 

Component Amount Final Concentration 

RNA 290 ng  

Oligo (dT)18 Primer (0.5 µg/µl) 1 µl 0.025 µg/µl 

Deionized Water Complete to 12 µl.  

Incubation  65°C, 5 min. 

RT Reaction Buffer (5X)  4 µl 1 X 

dNTP mix (10 mM) 2 µl 1 mM 

Ribonuclease Inhibitor (20 u/µl) 1 µl 1 u/µl 

M-MuLV Reverse Transcriptase (200 u/µl) 1 µl 10 u/µl 

Incubation 42°C, 60 min. & 70°C, 10 min. 

Final Volume 20 µl  

 

 

 

 

3.3.5. Polymerase Chain Reaction (PCR) 

Primers used for gene expression analyses by PCR are listed in Table 

3.2.  
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Table 3.2. The primers’ information used in gene expression analyses. 

 

Gene 

 

Forward (F) and Reverse (R) Primer 

Sequences 

 

Product 

(bp) 

 

Annealing 

Temperature 

(°C) 

 

Gene Bank No. 

CRAM-A F:5´ ACGTCTCAGCTGTCACAGGAA 3´ 

R:5´ CTGGGCGTCATACTTGTCACA 3´ 

200 64 NM_001130910.1 

CRAM-B F:5´ AAAGGAGGGCATCCACTGTC 3´ 

R:5´ CTGGGCGTCATACTTGTCACA 3´ 

208 61 NM_003965.4 

CCRL1 F:5´ GGACACTCATGAAGATGCC 3´ 

R:5´ TGCTCATGTTGCAGCTGGT 3´ 

161 60 NM_178445.1 

D6 F:5´ TTGTGTCTTGGTGAGGCTG 3´ 

R:5´ CTGTTACCTGGAGTGCGTAG 3´ 

190 59 NM_001296.4 

DARC F:5´ AGGCCACACACACTGTAGC 3´ 

R:5´ TAGAACCACCCCATGAGGC 3´ 

161 60 NM_001122951.2 

CCR1 F:5´ TGACCAGCATCTACCTCCTGAAC 3´ 

R:5´ GTGGAAGCTGTTTCAGGCTCTGA 3´ 

402 62 NM_001295.2 

CCR3 F:5´ AGAGCACTGATGGCCCAGTTTG 3´ 

R:5´ CTGGAGGCATTTCCACACTCTGA 3´ 

527 60 NM_178329.2 

CCR4 F:5´ AGGTTCTCAGCTCCCTGGAA 3´ 

R:5´ ACTTCTAGCTCCACCAGGGT 3´ 

219 60 NM_005508.4 

CCR5 F:5´ ACCAAGCTATGCAGGTGACAGAG 3´ 

R:5´ CGAGCGAGCAAGCTCAGTTTACA 3´ 

192 64 NM_000579.3 

CCR7 F:5´ TGTCAAGATGAGGTCACGGACG 3´ 

R:5´ CACGCAACTTTGAGCGCAACA 3´ 

709 62 NM_001838.3 

GPR1 F:5´ GCATCCTGATCTCCAGTAGGCA 3´ 

R:5´ TGTGGTGAATGGTGAGCTCC 3´ 

114 62 NM_005279 

CMKLR1 F:5´ ATCGTGTGCAAACTGCAGCG 3´ 

R:5´ GCTCTAGGAGGTTGAGTGTGTGG 3´ 

130 62 NM_001142343 

CCL5 F:5´ TCATTGCTACTGCCCTCTGCGCT 3´ 

R:5´ AGCAGTCGTCTTTGTCACCCGA 3´ 

167 60 NM_002985.2 

CCL19 F:5´ CCAATGATGCTGAAGACTGCTGC 3´ 

R:5´ ACGCATCATCCAGAGACTGCA 3´ 

193 60 NM_006274.2 

Chemerin F:5´ TGGGCCTTCCAGGAGACCAGTG 3´ 

R:5´ TTCCGGCAGCTTGTCTGCTG 3´ 

104 62 NM_002889 

β-actin F: 5´ CTGGAACGGTGAAGGTGACA 3´ 

R: 5´ AAGGGACTTCCTGTAACAATGCA 3´ 

139 60 BC013835 

 

Prior to performing PCR, pipettes, pipette tips, the bench, and other 

materials were sterilized. PCR reagents were thawed at room temperature. In 

order to prepare PCR mixture, a master mix containing Forward and reverse 
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primers, dNTP mixture, Taq DNA polymerase, Taq buffer, MgCl2, and 

distilled water (dH2O) was prepared and distributed equally into each PCR 

tube. The polymerase enzyme was added into the master mix lastly. cDNA 

(template DNA) for each gene of interest was added separately into each 

PCR tube, mixed, and placed into the thermal cycler plate (Thermo Scientific, 

Arktik Thermal Cycler, USA). PCR optimizations were performed by changing 

the concentration of different PCR reagents (especially the amount of 

template cDNA or final concentration of MgCl2) or the annealing temperature 

or the annealing time. General conditions used for PCRs are given in Table 

3.3 and Table 3.4. 

 

Table 3.3. Standard PCR components, volumes, and final concentrations.  

Component Volume Final Concentration 

dH2O 30.7 µl  

Taq Buffer (10X) with (NH4)2SO4 5 µl 1X 

MgCl2 (25 mM) 5 µl 2.5 mM 

dNTP mix (2 mM) 5 µl 0.2 mM 

Primer F (5 µM) 1.5 µl 0.15 µM 

Primer R (5 µM) 1.5 µl 0.15 µM 

Taq DNA Polymerase (5u/µl) 0.3 µl 0.03 u/µl 

Template DNA 1 µl  

Final Volume 50 µl  
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Table 3.4. Standard PCR thermal cycler program. 

Initial denaturation 95°C 5 min 

Denaturation 94°C 30 sec 

Annealing Specific for each primer.1 30 sec            35 cycles 

Extension 72°C 30 sec 

Final extension 72°C 10 min 

1 Primers and their annealing temperatures are listed in Table 3.2. 

 

3.3.6. Agarose Gel Electrophoresis 

In order to prepare 1% or 2% (w/v) agarose gel, 1 gr or 2 gr agarose 

was weighted and mixed with 100 mL of 1X TBE buffer. Agarose was melted 

in microwave oven (Imperial, USA). After moderate cooling, 10 mg/mL 

ethidium bromide was added to obtain a 250 µg/mL final concentration and 

poured into a gel casting tray equipped with a comb. After gelling, the comb 

was removed, gel was put inside the tank, and 1X TBE was added over the 

gel to completely cover it. 20 µL volume of PCR product was mixed with 6X 

DNA loading dye (1X final concentration) and loaded into wells. To determine 

DNA size, 0.5 µg DNA ladder per lane was used. Figure 3.1 shows band 

sizes (bp) of the DNA markers used. Products were run with 120V constant 

voltage. At the end of agarose gel electrophoresis, DNA products were 

observed under UV light using Kodak gel Logic 1500 (Molecular Imaging 

System-Carestream Health, Inc).  
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Figure 3.1. A) 50 bp DNA ladder, B) 1 Kb DNA ladder (Fermentas, 

Lithuania). 

 

3.3.7. Directional Cloning  

For cloning of human CRAM-A and CRAM-B genes into pIRES2-

EGFP (BD, USA) eukaryotic expression vector (Figure 3.3), forward and 

reverse primers containing NheI and XmaI restriction sites were designed for 

CRAM-A and CRAM-B genes (Table 3.5). RNA was isolated, as explained in 

Section 3.3.1, from PBMCs and/or MDA-MB-231 cell line. cDNA was 

synthesized as described in Section 3.3.4. CRAM-A and CRAM-B coding 

sequences were amplified by using Pfu DNA polymerase with PCR reaction 

and program as given in Table 3.3 and Table 3.4, respectively. PCR products 

were run on agarose gel electrophoresis and isolated from the gel. 
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Table 3.5. Forward and reverse primers, and NheI and XmaI restriction 

enzyme digestion sites used in directional cloning of CRAM-A and CRAM-B.  

 

Gene 

 

Forward (F) and Reverse (R) Primer Sequences 

 

Product 

(bp) 

 

Annealing 

Temperature 

(°C) 

 

Gene Bank No. 

 

CRAM-A 
F:5´GAGTGAG↓CTAGCATGCAGAAATTATGATCTAC 3´ 

                          NheI      

 
                           

R:5´ CTCACTC↓CCGGGTTACACTTCGGTGGAAT 3´ 

                          XmaI 

 

 

1106 

 

55 

 

NM_001130910.1 

 

CRAM-B 
F:5´ GAGTGAG↓CTAGCAAGATGGCCAATTACACGC 3´ 
                          NheI 

  

R:5´ CTCACTC↓CCGGGTTACACTTCGGTGGAAT 3´ 

                         XmaI 

  

 

1070 

 

56 

 

NM_003965.4 

 

Table 3.6. PCR components, volumes, and final concentrations used for the 

amplification of insert DNA for cloning.   

Component Volume Final Concentration 

dH2O 30.5 µl  

Pfu Buffer (10X) 5 µl 1X 

MgSO4 (25 mM) 6 µl 3 mM 

dNTP mix (2 mM) 5 µl 0.2 mM 

Primer F (5 µM) 1 µl 0.1 µM 

Primer R (5 µM) 1 µl 0.1 µM 

Pfu DNA Polymerase (2.5 u/µl)  0.5 µl 0.025 u/µl 

Template DNA 1 µl  

Final Volume 50 µl  
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Table 3.7. PCR thermal cycler program. 

Initial denaturation 95°C 5 min 

Denaturation 95°C 30 sec 

Annealing 55°C for CRAM-A, 56°C for CRAM-B. 30 sec         35 cycles 

Extension 72°C 30 sec 

Final extension 72°C 5 min 

 

pIRES2-EGFP Eukaryotic Expression Vector [101] 

pIRES2-EGFP vector (Clontech, BD, USA) contains the internal 

ribosome entry site (IRES) of the encephalomyocarditis virus (ECMV) 

between the multiple cloning site (MCS) and the enhanced green fluorescent 

protein (EGFP) coding region  (Figure 3.2). This permits both the gene of 

interest (cloned into the MCS) and the EGFP gene to be translated from a 

single bicistronic mRNA. pIRES2-EGFP is designed for the efficient selection 

(by flow cytometry or other methods) of transiently transfected mammalian 

cells expressing EGFP and the protein of interest. This vector can also be 

used to express EGFP alone or to obtain stably transfected cell lines without 

time-consuming drug and clonal selection.  
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Figure 3.2. Schematic representation of pIRES2-EGFP eukaryotic 

expression vector and its multiple cloning site map. Taken from Becton, 

Dickinson and Company [101].  

 

EGFP is a red-shifted variant of wild-type GFP which has been 

optimized for brighter fluorescence and higher expression in mammalian 

cells. (Excitation maximum = 488 nm; emission maximum = 507 nm.) EGFP 

encodes the GFPmut1 variant which contains the double-amino-acid 

substitution of Phe-64 to Leu and Ser-65 to Thr. The coding sequence of the 

EGFP gene contains more than 190 silent base changes which correspond 

to human codon-usage preferences. Sequences flanking EGFP have been 

converted to a Kozak consensus translation initiation site to further increase 

the translation efficiency in eukaryotic cells. The MCS in pIRES2-EGFP is 

between the immediate early promoter of cytomegalovirus (PCMV IE) and 

the IRES sequence. SV40 polyadenylation signals downstream of the EGFP 

gene direct proper processing of the 3' end of the bicistronic mRNA. The 

vector backbone also contains an SV40 origin for replication in mammalian 
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cells expressing the SV40 T antigen. A neomycin-resistance cassette (Neor), 

consisting of the SV40 early promoter, the neomycin/kanamycin resistance 

gene of Tn5, and polyadenylation signals from the herpes simplex virus 

thymidine kinase (HSV TK) gene, allows stably transfected eukaryotic cells to 

be selected using G418. A bacterial promoter upstream of this cassette 

expresses kanamycin resistance in E.coli. The pIRES2-EGFP backbone also 

provides a pUC origin of replication for propagation in E.coli and an f1 origin 

for single-stranded DNA production.  

 

Restriction Enzyme Digestion 

In order to generate sticky ends at the 5´ and the 3´ ends of the vector 

and the insert DNA, NheI and XmaI restriction enzymes were used in a 

reaction mixture as shown in Table 3.8. 

 

Table 3.8. Restriction digestion reaction components, volumes, and final 

concentrations. 

Component Volume Final Concentration 

dH2O   

Buffer Tango (10X) 4 µl 1X 

DNA 500 ng 12.5 ng/µl 

NheI (10 u/µl) 2 µl 0.5 u/µl 

XmaI (10 u/µl) 4 µl 1 u/µl 

Final Volume 40 µl  

 

Samples were incubated at 37°C for 5 hours. Later, digested products 

were purified either directly from the tube or from a slice of agarose gel after 

electrophoresis. 
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Isolation of DNA from Agarose Gel  

For isolation of DNA from agarose gel (Gel Purification Kit, RTA, 

Turkey), the gel slice containing the amplified gene was cut, placed in a 1.5 

mL microcentrifuge tube, and weighed. 4 times gel volume of Solution A was 

added (e.g: to 100 mg gel slice, 400 µL Solution A is added). 20 sec vortex 

was done. Gel was incubated at 60°C for 5-10 min until it was completely 

melted. 10 µL Gel Modifier was added and mixed 20 sec by vortex. After the 

mixture was quickly spun, it was transferred into a spin column in a collecting 

tube provided by the kit and centrifuged at 10000 x g for 1 min. Collection 

tube containing the flow-through was discarded and spin column was 

transferred to a new collection tube. 500 µL Solution WA was added and 

centrifuged at 10000 x g for 1 min. The flow-through was discarded, column 

was put on the same collection tube, and centrifuged at 14000 rpm for 30 

sec. The spin column was transferred to a 1.5 mL collection tube. According 

to the DNA concentration, 50-100 µL dH2O was directly added on the 

membrane and incubated at room temperature for 3 min. Sample was 

centrifuged at 14000 rpm for 1 min. Spin column was discarded. The elution 

contained the purified DNA.     

 

Isolation of DNA from PCR Products and Other Enzymatic Reactions 

In order to isolate DNA from PCR product and other enzymes, RTA 

PCR Purification Kit (RTA, Turkey) was used. In a 1.5 mL eppendorf tube, 6 

times volume of the sample was added to Solution A (e.g: to 100 µL sample, 

600 µL Solution A was added) and vortexed well. 200 µL of ethanol (96-

100%) was added and mixed well by vortexing. After a short spin (MiniSpin, 

eppendorf, Germany), the sample was added into a spin column and 

centrifuged at 10000 x g for 1 min. The collection tube containing the flow-

through was discarded and the column was put on a new collection tube. 500 
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µL Solution WA was added and centrifuged at 10000 x g for 1 min. The flow-

through was discarded, the column was put on the same collection tube, and 

centrifuged at 14000 rpm for 30 sec. The spin column was transferred to a 

new 1.5 mL collection tube. According to the DNA concentration, 50-100 µL 

dH2O was directly added on the membrane and incubated at room 

temperature for 3 min. Sample was centrifuged at 14000 rpm for 1 min. Spin 

column was discarded. The elution contained the purified DNA. 

 

Ligation with T4 DNA Ligase Reaction 

In order to obtain an efficient ligation, vector:insert ratio was mixed at 

1:3. To calculate the amount of human CRAM-A and CRAM-B coding DNAs 

(insert), Formula 3.1 was used. Digested and purified insert and vector DNA 

molecules were ligated by using T4 DNA ligase enzyme (Fermentas, 

Lithuania) in a reaction mixture (Table 3.9). The positive control of the ligation 

experiment was the circular empty vector pIRES2-EGFP. Reactions were 

incubated at room temperature for 15 min.    

 

                                                                                                                   (3.1)                             

                               Vector amount (ng)  x  Insert length (kb)  x  Vector:Insert 
ratio         
                                                                    Vector length (kb) 

 

 

 

 

 

Insert DNA 

amount (ng) 
= 
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Table 3.9. Ligation reaction components, volumes, and final concentrations. 

Component Volume Final Concentration 

dH2O   

T4 DNA Ligase Buffer (10X) 2.5 µl 1X 

Insert DNA  240 ng 9.6 ng/µl 

Vector DNA 80 ng 3.2 ng/µl 

T4 DNA Ligase (3 u/µl) 1.2 µl 0.144 u/µl 

Final Volume 25 µl  

 

3.3.8. TA Cloning 

In order to clone human CRAM-A and CRAM-B genes into 

pcDNA3.1/CT-GFP-TOPO® (Invitrogen, USA) eukaryotic expression vector 

(Figure 3.4), TOPO® TA cloning was performed. Primers were designed 

(Table 3.10) and CRAM-A and CRAM-B inserts were amplified by RT-PCR 

as described in Section 3.3.7. GFP Fusion TOPO® TA Cloning provides a 

highly efficient, 5-minute, one-step cloning strategy ("TOPO® Cloning") for 

the direct fusion of Taq polymerase-amplified PCR products to the green 

fluorescent protein (GFP). No ligase, post-PCR procedures, or PCR primers 

containing specific sequences are required. Once cloned, analyzed, and 

transfected, the GFP fusion protein will express directly in mammalian cell 

lines. In this cloning, C-terminal (CT-GFP Fusion TOPO® TA Expression Kit) 

was used to provide creation of C-terminal expression of GFP fusion. 
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Table 3.10. Primers used in TOPO® TA cloning. 

 

Gene 

 

Forward (F) and Reverse (R) Primer Sequences 

 

Product 

(bp) 

 

Annealing 

Temperature 

(°C) 

 

Gene Bank No. 

 

CRAM-A 

 
F:5´ GCAATGCAGAAATTATGATCTACACCCG 3´ 

 
R:5´ GCACTTCGGTGGAATGGTCAG 3´ 

 

1082 

 

64 

 

NM_001130910.1 

 

CRAM-B 

 

F:5´ GCAATGGCCAATTACACGCTGG 3´ 

 

R:5´ GCACTTCGGTGGAATGGTCAG 3´ 

 

1038 

 

60 

 

NM_003965.4 

 

 

The vector pcDNA3.1/CT-GFP-TOPO used in this cloning was 

supplied linearized by the company. In this cloning, also named as TA 

cloning, the linearized vector has single overhanging 3´ deoxythymidine (T) 

residues. Taq DNA polymerase used in this cloning has the capacity to add a 

single deoxyadenosine (A) to the 3´ ends of PCR products. This allows the 

efficient ligation of PCR products with the vector [102]. 

In this cloning, topoisomerase I is the enzyme that binds to the 

vector’s duplex DNA and cleaves the phosphodiester backbone after 5´-

CCCTT. The energy from the broken phosphodiester backbone is conserved 

by formation of a covalent bond between the 3´ hydroxyl of the cleaved 

vector strand and the tyrosyl residue (Tyr-274) of the topoisomerase I. The 

phospho-tyrosyl bond between the vector and the enzyme can be attacked 

by the 5´ phosphate of the PCR strand, releasing topoisomerase, and 

efficiently cloning the PCR product into the vector (Figure 3.3). In this cloning, 

GFP reporter protein will be expressed as attached to the carboxyl terminal, 

CT, of the insert DNA.  
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Figure 3.3. Topoisomerase activity in TOPO® cloning. Taken from CT-GFP 

Fusion TOPO® TA Expression Kit Protocol, Invitrogen, USA. 

 

In order to perform TA cloning, 3 µL of PCR product, 1 µL of Salt 

Solution (supplied by the kit), 2 µL sterile water, and 1 µL of pcDNA3.1/CT-

GFP-TOPO® vector were mixed and incubated at room temperature (22-

23°C) for 3 min. The mixture was then placed on ice. The TOPO® cloning 

reaction mixture was added into a vial (50 µL) of one shot® TOPO10 

chemically competent E.coli, gently mixed, and incubated on ice for 20 min. 

Cells were heat-shocked for 30 seconds at 42°C and immediately transferred 

to ice. 250 µL of room temperature SOC medium (Life technologies, USA) 

was added into the cells and incubated in 200 rpm shaker at 37°C for 1 hour. 

25-200 (100) µL of the transformed cells was spread on a selective antibiotic 

(Ampicillin, 100 µg/mL) petri dish and incubated at 37°C overnight. Colonies 

were selected and plasmids were isolated.  

 

pcDNA3.1/CT-GFP-TOPO® Eukaryotic Expression Vector [102] 

The schematic representation of pcDNA3.1/CT-GFP-TOPO® 

eukaryotic expression vector is shown in Figure 3.4. The vector was supplied 

linearized between base pairs 953 and 954 (TOPO® cloning site). Human 
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cytomegalovirus (CMV) immediate-early promoter/enhancer permits efficient, 

high-level expression of the recombinant protein. T7 promoter allows for in 

vitro transcription in the sense orientation and sequencing through the insert. 

TOPO® cloning site allows insertion of the PCR product and its fusion with 

GFP. GFP reverse priming site permits sequencing of the insert from GFP 

into the insert. GFP open reading frame (ORF) allows fusion of GFP to the C-

terminus of the PCR product. BGH reverse priming site permits sequencing 

through the insert. Bovine growth hormone (BGH) polyadenylation signal 

provides the efficient transcription termination and polyadenylation of mRNA. 

f1 origin allows rescue of single-stranded DNA. SV40 promoter and origin 

allows efficient and high-level expression of the neomycin resistance gene in 

cells expressing the SV40 large T antigen. Neomycin resistance gene 

promotes selection of stable transfectants in mammalian cells. SV40 

polyadenylation signal allows efficient transcription termination and 

polyadenylation of mRNA. pUC origin promotes high-copy number replication 

in E.coli. Ampicillin resistance gene provides selection of vector in the 

bacteria.   
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Figure 3.4. The features of the pcDNA3.1/CT-GFP-TOPO® vector diagram. 

Taken from CT-GFP Fusion TOPO® TA Expression Kit Protocol, Invitrogen, 

USA. 

 

3.3.9. Preparation of Competent Bacteria and Heat Shock 

Transformation 

Preparation of Competent E.coli DH5a Bacteria 

To 3 mL LB broth, 1 colony of DH5a E.coli was inoculated and 

incubated at 30°C for 18 hours in a shaker (Grant, Germany) at 200 rpm. 

After the incubation, 400 µL of the overnight bacterial culture was taken and 

inoculated into 50 mL LB broth in Erlenmeyer flask and incubated at 37°C 

shaker nearly for 2 hours. During this incubation time 1 mL of the bacterial 

culture was taken and added into a spectrophotometry cuvette and measured 

at 600 nm wavelength (Molecular Devices, USA). This procedure was done 

until the OD of the bacterial culture reached to 0.4. The blank was LB broth. 

As soon as the OD reached to 0.4, bacterial culture was incubated on ice at 
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4°C for 2 hours. The bacterial culture was poured into a 50 mL falcon tube 

and centrifuged at 3000 rpm for 10 min at 4°C (Jouan MR22, USA). 

Supernatant was discarded at 4°C and the pellet was very gently 

resuspended with 1 mL of the competent solution explained in section 3.2. 24 

mL of the competent solution was added, mixed, and incubated on ice in 4°C 

for 45 min. The sample was centrifuged at 2500 rpm for 15 min at 4°C. 

Supernatant was discarded and the pellet was very gently resuspended with 

1.5 mL of the competent solution. In order to prepare glycerol stocks of the 

competent bacteria, 800 µL of the competent DH5a E.coli were gently mixed 

with 200 µL of 80% glycerol. The stocks were aliquoted (200 µL/each tube) 

and stored at -86°C. 

 

Heat Shock Transformation 

5 µL of ligated pCRAM-A/B-IRES2-EGFP plasmids or positive (circular 

vector) or negative (linear vector ligated without insert DNA) were taken, 

completed to 50 µL with dH2O, added into 150 µL ice-thawed competent 

DH5a E.coli, and incubated at 37°C water bath shaker for 5 min. 450 µL LB 

broth was added to the mixtures and incubated at 37°C for 1,5 hours at 200 

rpm. Then, ligated plasmids, positive control, and negative control empty 

vector-transformed bacterial mixtures were spread on 50 µg/mL kanamycin-

containing LB agar petri dishes and incubated at 37°C overnight. 

In order to transform bacterial cells with pcDNA3.1/CRAM-A/B-CT-

GFP-TOPO recombinant plasmids, 25 µL of the ligation product was added 

into a 50 µL vial of One Shot® Top10 chemically competent E.coli (Invitrogen, 

USA), gently mixed, and incubated on ice for 20 min. Bacteria were heat-

shocked at 42°C for 30 sec and immediately transferred on ice. 250 µL of 

room temperature SOC medium was added and bacteria were incubated at 

37°C, 200 rpm shaker for 1 hour. 100-200 µL from each transformation was 
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spread on a pre-warmed selective antibiotic (Ampicillin, 100 µg/mL) plate and 

incubated at 37°C overnight.   

 

Minipreps Plasmid Purification 

LB broth (3 mL/tube) was added into 15 mL falcon tubes and was 

supplemented with kanamycin (50 µg/mL final volume) or ampicillin (100 

µg/mL final volume). One colony of transformed DH5a or Top10 E.coli was 

taken and cultured in each falcon. Falcon tubes were incubated in 200 rpm 

shaker overnight. Meanwhile, bacteria were also spread on an agar plate as 

the experiment’s back-up control. Plates were also incubated at 37°C 

incubator overnight. 

Minipreps plasmid purification was performed using Wizard® Minipreps 

(Promega, USA). Overnight bacteria grown in liquid condition were harvested 

by centrifugation at 11000 rpm for 2 min in 1.5 mL eppendorf tubes. 200 µL 

in order of Cell Resuspension Solution, Lysis Solution, and Neutralization 

Solution were added onto the pellets and mixed. 7 min centrifugation was 

done at 11000 rpm and purification was continued with supernatants. The kit-

provided mini-columns were placed on 2 mL eppendorf tubes and 2.5 mL 

injectors were connected to the columns. 1 mL Miniprep DNA Purification 

Resin solution was added into the injectors and supernatants were added 

onto resin. Pistons were put on injectors and slowly pressed, allowing 

mixtures to pass the columns. 2 mL wash solution was added into injectors 

and passed through columns same as for resin. Columns were centrifuged at 

11000 rpm for 2 min. 50 µL of 57°C-heated dH2O was directly added onto the 

membranes inside the columns and incubated in room temperature for 1 min. 

By centrifugation at 11000 rpm for 20 seconds, plasmids were eluted from 

the columns and stored at -20°C. 

 



59 
 

 
 
 
 
 
 
 

Midipreps Plasmid Purification 

Midipreps plasmid purification was performed by using QIAGEN 

plasmid midi kit (QIAGEN, USA). Into a 50 mL LB broth containing 

kanamycin or ampicillin, 150 µL of the overnight grown bacteria was added 

and incubated at 37°C in 200 rpm shaker overnight. 

The bacteria culture was poured into a 50 mL falcon tube and 

centrifuged at 6000xg for 15 min at 4°C. Meanwhile, a cap was attached to a 

QIAfilter Cartridge. Supernatant was discarded and the pellet was 

resuspended with 6 mL Buffer P1. 6 mL Buffer P2 was added and the tube 

was capped immediately to prevent acidity. The mixture was mixed and 

turned blue. It was incubated at room temperature for 3 min. 6 mL Buffer P3 

was added to the mixture and mixed. The mixture was added into the 

QIAfilter Cartridge and incubated at room temperature for 10 min. Meanwhile, 

the “Midi Tip” was placed on a 50 mL falcon tube. 4 mL Buffer QBT was 

added into the “Midi Tip” and pressed by an injector. The mixture passed and 

plasmids stayed on the filter. Later, 20 mL Buffer QC was added into the 

“Midi Tip” and incubated until all the buffer passed. The “Midi Tip” was placed 

on a 50 mL falcon tube. 5 mL Buffer QF (elution buffer) was added into the 

“Midi Tip” and incubated until the buffer passed by gravity flow. 3.5 mL 

isopropanol was added to the eluted product, mixed, and incubated at room 

temperature for 5 min. A “QIA precipitator module” was placed on a 50 mL 

falcon tube. A 20 mL syringe was attached on the module. The eluted 

product was poured into the syringe and pressed by piston. Flow-through 

was discarded. In order to fix plasmids, 2 mL of 70% ethanol was added into 

the syringe and pressed. A 5 mL syringe was attached on the module. 1 mL 

dH2O was added into the syringe and pressed into a 1.5 mL eppendorf tube. 

The elution contained the isolated plasmids. 
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3.3.10. Confirmation of Constructed Recombinant Clones 

By PCR: The constructed recombinant clones pCRAM-A-IRES2-EGFP, 

pCRAM-B-IRES2-EGFP, pcDNA3.1/CRAM-A-CT-GFP, or pcDNA3.1/CRAM-

B-CT-GFP were confirmed by using PCR as described in Section 3.3.5. 

Specific primers (Table 3.2) and PCR conditions (Table 3.3) used for cloning 

was also used in this PCR confirmation.    

By Restriction Enzyme Digestion: The constructed recombinant clones 

pCRAM-A-IRES2-EGFP and pCRAM-B-IRES2-EGFP were confirmed by 

NheI and XmaI restriction digestion enzymes as described in Section 3.3.7. 

The constructed recombinant clones pcDNA3.1/CRAM-A-CT-GFP and 

pcDNA3.1/CRAM-B-CT-GFP were confirmed by MluI restriction digestion 

enzyme. MluI restriction digestion enzyme was also used to confirm the 

correct orientation (5´-3´) of CRAM-A/B inserts in pcDNA3.1/CT-GFP vector. 

The restriction digestion reaction mixture is shown in Table 3.11. The 

restriction digestion reaction mixture was incubated at 37°C for 3.5 hours. 

 

Table 3.11. MluI restriction digestion reaction mixture components, volumes, 

and final concentrations. 

Component Volume Final Concentration 

dH2O Completed to 20 µl  

Buffer R (10X) with BSA  2 µl 1X 

MluI (10 u/µl) 2 µl 1 u/µl 

Plasmid (300 ng/µl) 150 ng 7.5 ng/µl 

Final Volume 20 µl  
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MluI restriction digestion enzyme cuts the recombinant plasmid 

pcDNA3.1/CRAM-A/B-CT-GFP at two points. Beside the correct orientation 

of the insert, in TA cloning, the insert also has the tendency to bind to the 

vector in the opposite direction (3´-5´). Upon MluI restriction digestion, the 

correct insert orientation generates three bands with 5000, 1199, and 985 bp 

length for CRAM-A insert. Upon MluI restriction digestion, the correct insert 

orientation generates three bands with 5000, 1199, and 941 bp length for 

CRAM-B insert (Figure 3.5). 

 

                     

Figure 3.5. MluI restriction digestion points (designated with scissors) on the 

recombinant DNA containing CCRL2 insert. The digestion of the plasmid with 

correct insert orientation generates three DNA fragments (approximately 

1199 bp, 985 bp, 5000 bp). 

 

By DNA Sequencing Analysis: Cloned human pCRAM-A-IRES2-EGFP and 

pCRAM-B-IRES2-EGFP recombinant constructs were sequenced and 

confirmed using DNA sequencing by using the sense 5´-

ACTCCGCCCCATTGACGCAAATG-3´ and the anti-sense 5´-
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AGACAAACGCACACCGGCCT-3´ sequencing primers for pIRES2-EGFP by 

Iontek biotechnology company (Istanbul, Turkey). 

Cloned human pcDNA3.1/CRAM-A-CT-GFP-TOPO and 

pcDNA3.1/CRAM-B-CT-GFP-TOPO recombinant constructs were sequenced 

by using 5´-TAATACGACTCACTATAGGG-3´ forward sequencing primer (T7 

sequencing primer) and 5´-GGGTAAGCTTTCCGTATGTAGC-3´ reverse 

sequencing primer (GFP reverse primer) by Iontek biotechnology company 

(Istanbul, Turkey). 

 

3.4. Cell Culture  

3.4.1. Culture of Cell Lines and Cells Isolated from Peripheral Blood 

Human embryonic kidney, HEK293T, cell line was cultured in full high 

glucose DMEM. 

MCF-12A normal breast epithelial cell line was cultured in full DMEM-

F12; MCF-7, MDA-MB-231, MDA-MB-468, and BT-474 breast cancer cell 

lines were cultured in full DMEM with 1 g/L Glucose; SK-BR-3 in full McCoy’s 

5A medium; T-47D in full RPMI supplemented with 0.1% insulin; ZR-75-1 and 

HCC38 in full RPMI media. PBMCs were also cultured in full RPMI medium. 

All cell lines and PBMCs were incubated at 37°C, 5% CO2 in a humidified 

incubator (Thermo Scientific, USA). 

 

3.4.2. Thawing Cell Lines 

Into a small beaker 30 mL dH2O, warmed to 37°C, was added. Cell 

line stock was removed from liquid nitrogen tank and put into 37°C water. By 

using a Pasteur pipette, a small volume of full medium was added into the 

cryovial, mixed gently and added into a 50 mL falcon tube containing full 
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medium. Later, this cell mixture was added into a cell culture flask and 

incubated at 37°C. When the cells reached 80% confluency, they were 

passaged and new full medium was added.  

 

3.4.3. Passage of Adherent Cells with Trypsin-EDTA 

First, the culture medium was removed, 1X PBS was added onto the 

cells to cover them, and washed several times. Then, cells were covered with 

trypsin-EDTA solution (1:250). After 3-5 min incubation at 37°C, the culture 

flask was removed from the incubator and tapped with palm to detach all 

cells. The flask was examined under an inverted microscope to be sure that 

all cells left the growth surface. Full medium was added to inactivate trypsin. 

The cell culture was mixed by pipette to separate cells from each other.  

 

3.4.4. Cell Counting 

A cover slip was put on a hematocytometer (Fuchs Rosenthal, USA). 

10 µL of the cell suspension obtained by trypsinization of adherent cell lines 

or the PBMCs was mixed with 10 µL trypan blue and added to the Neubauer 

hematocytometer with capillary effect. Cells present on four 4x4 squares of 

the hematocytometer were counted. Mean value of these cells were 

calculated by using Formula 3.2 to estimate the cell number in each mL of 

the suspension. Dilution factor was usually 2 because of 1:1 dilution with 

trypan blue stain. 

                                                                                                                             

                                                                                                                   (3.2) 

Cell Count= Average number of cells in one large square x Dilution factor x 104                      
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3.4.5. Cryopreserving Cell Lines 

Cell suspensions (2 mL) obtained by trypsinization of an 80% 

confluent culture were added into a 50 mL falcon tube. Heat inactivated FBS 

(4 mL) and full medium (3 mL) were added into the tube and mixed. Lastly, 1 

mL dimethyl sulfoxide (DMSO) was added, mixed gently, and 1 mL of the 

final mixture was added into cryovials. Tubes were put in the Mr. FrostyTM 

freezing container and incubated at -86°C for 3 hours. Cryovial tubes were 

stored in liquid nitrogen tanks.   

 

3.4.6. Stimulation of PBMCs and Breast Cancer Cell Lines 

LPS (1 µg/mL) or IFN-γ (150 ng/mL) were added into PBMCs (87000 

cells/mL) or breast cancer cell cultures (4x105 cells/7 mL in T25 cell culture 

flasks) and incubated (stimulated) at 37°C for 24 hours.  

 

3.4.7. Liposomal Transfection 

Liposomal transfection was done by using Lipofectamine2000TM 

(Invitrogen, USA). One day before transfection process, 5x105 cells per well 

were cultured in full medium in a 6-well plate. On the day of transfection, 

37°C 250 µL serum-free medium containing recombinant plasmid or empty 

vector DNA was prepared. According to the plasmid DNA:liposome ratio 

(1µg:3µL), Lipofectamine reagent was added to serum-free medium in a 

separate eppendorf tube with a final volume of 250 µL, mixed gently, and 

incubated at room temperature for 5 min. Plasmid DNA and liposome 

suspensions were mixed gently and incubated at room temperature for 20 

min. Meanwhile, medium was removed from the cells cultured in 6-well plate 

wells and 1.5 mL serum-free medium was added slowly. The transfection 

mixture was drop-wise added onto the cells. Plate was gently mixed to let the 
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mixture reach every point on the cells. Plate was incubated at 37°C, 5% CO2 

for 5 hours. Then, a mixture of FBS, L-glutamine, and penicillin-streptomycin 

was gently added to the cells and mixed to complete the media and terminate 

transfection process. Plate was incubated at 37°C, 5% CO2 for 48 hours. 

Then, the transfected cells were harvested and analyzed for transfection 

efficiency and protein expression using flow cytometry. 

 

3.4.8. Fluorescence Microscopy 

After the liposomal transfection, cells were harvested and cultured on 

chamber slides (Lab-Tek® Chamber SlideTM System 177380 2 Well Glass 

Slide, USA) overnight at 37°C. Culture medium was removed. In order to fix 

the cells, 4% paraformaldehyde (PFA) was added onto the cells and 

incubated in room temperature for 2-3 min. Cells were slightly washed with 

1X PBS. Cells were covered with 10 mg/mL of 4´,6-diamidino-2-phenylindole 

(DAPI) DNA stain, covered with lamel, and immediately observed under 

fluorescence microscopy. Fluorescence microscopic observations were 

performed in Hacettepe University, Department of Histology and Embryology.    

 

3.5. Immunological Assays 

3.5.1. Flow Cytometry 

In order to harvest the adherent cells for the flow cytometric analysis, 

culture medium was removed and cells were covered with 1X PBS. Cells 

were detached from the surface by using a scraper or by flushing with a 

Pasteur pipette, filtered from a 47 µm mesh into a 5 mL tube. Cells were 

centrifuged at 2000 rpm for 5 min. Supernatant was discarded, 200 µL of 1X 

PBS was added and mixed by vortexing. Appropriate amounts of monoclonal 

antibodies were added into the tubes and mixed by pipeting and by vortex. 
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List of used antibodies and their amounts is given in Table 3.12. Cells were 

incubated at 4°C for 40 min. Then, 1-2 mL of 1X PBS was added onto the 

cells and centrifuged at 2000 rpm for 5 min. Supernatant was discarded. 300 

µL of 1X PBS was added on the cell pellet, mixed by vortex, and analyzed by 

using FACS Aria II flow cytometer (BD, USA). In these analyzes, isotype 

staining was used as the experimental control. Isotype antibody is non-

specific for the molecule of interest, so positive cells can be compared with 

the control. The percentage of positive cells was calculated by comparison 

with the appropriate isotype-matched control antibodies. Mean fluorescent 

intensity (MFI) values were also calculated for at least three independent 

analyses.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



67 
 

 
 
 
 
 
 
 

Table 3.12. Antibodies used for flow cytometric analyses. 

Antibody Clone Supplier Fluorochrome Volume per Test 

anti-CCRL2 

(recognizes both 

CRAM-A and B) 

152254 R&D, 

USA 

APC 10 µl 

(0.25µg/100µl) 

IgG1, κ Isotype MOPC-21 BioLegend, 

USA 

APC 5 µl 

(0.125µg/100µl) 

anti-CD31 SK7  FITC  

anti-CD161 B73.1  

BD, USA 

PE  

30 µl anti-CD561 NCAM16.2 PE 

anti-CD451 2D1  PerCP  

anti-CD191 SJ25C1  APC  

anti-CD42 SK3 BD, USA FITC 25 µl 

anti-CD82 SK1  PE  

anti-CD3 17A2 R&D 

USA 

APC 25 µl 

(0.2µg/100µl) 

anti-CD13 L138 BD, USA PE 25 µl 

anti-CD14 M5E2 BD, USA FITC 25 µl 

anti-CD66b G10F5 BD, USA FITC         25 µl 

1, 2 These antibodies were supplied in a cocktail.   

 

In addition to immunophenotyping analyses, Ca2+ mobilization with 

FuraRedII and GFP expression were also evaluated by flow cytometry. 

 

3.5.2. Ca2+ Mobilization Assay 

The fluorescent probe FuraRedII was used for the determination of 

intracellular Ca2+ mobilization. As this dye binds intracellular Ca2+ ions, a 

decrease in the fluorescence intensity can be measured by flow cytometry 
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[103]. In this analysis, HEK293T cells transfected with control (empty) 

pIRES2-EGFP vector or recombinant constructs carrying CRAM-A/CRAM-B 

cDNA inserts were incubated with 6 µM final concentration of FuraRedII 

reagent for 30 min at 37°C in the dark. After the incubation, cells were 

washed with serum-free culture medium, centrifuged at 2000 rpm for 5 min, 

supernatant was discarded, cells were resuspended at 1x106 cells/mL with 

1X PBS, and placed on ice. Meanwhile, the flow cytometry was adjusted to 

488 nm, at PerCP vs. green channel (GFP) at 37°C. Cells were started to be 

read by flow cytometry for 3 min, the device was paused, and CCRL2’s 

specific chemokine ligands (0.4 µg/mL rhCCL5, 0.1 µg/mL rhCCL19, and 20 

ng/mL rhchemerin) were added onto the cells. In order to observe whether 

there is a change in the intracellular Ca2+ between the absence and the 

presence of ligands, the cells were continued to be read for 4 min and the 

device was paused again. Ionomycin Ca2+ ionophore (2µg/mL) was used as 

the experimental positive control. After the addition of ionomycin, cells were 

read for another 3 min. The change in FuraRedII fluorescence was plotted 

against time and MFI values were also determined.  

 

3.5.3. Analysis of CCRL2 Binding Capacity of 152254 mAb 

In order to analyze the capacity of anti-hCCRL2 mouse antibody 

(mAb) with the clone number 152254 to recognize CCRL2 receptor in the 

presence of specific chemokine ligands, HEK293T cells transfected with 

control (empty) pIRES2-EGFP vector or recombinant constructs carrying 

CRAM-A/CRAM-B cDNA inserts were incubated with rhCCL5 (0.6 µg/mL), 

rhCCL19 (0.16 µg/mL), or rhChemerin (20 ng/mL) in the presence of the 

APC-labeled antibody on ice for 60 min, washed with 1XPBS analyzed by 

flow cytometry, and the difference in MFI values was observed. 
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3.5.4. Receptor Internalization Analysis 

In this assay, cells were divided into four groups, each group 

containing four tubes for control, rhCCL5 (0.6 µg/mL), rhCCL19 (0.16 µg/mL), 

and rhChemerin (20 ng/mL). Cells (105 cells/100 µL) were added into each 

tube and incubated on ice. Chemokine ligands were added into each 

corresponding tube. The first group (control) was held on ice during the entire 

assay. The second group was incubated at 37°C for 10 min. The third group 

was incubated at 37°C for 30 min. The fourth group was incubated at 37°C 

for 60 min. After the completion of each group’s incubation time, they were 

immediately replaced on ice. Then, the cells were labeled with APC-labeled 

anti-hCCRL2 mAb on ice as described in Section 3.5.3, and analyzed by 

using flow cytometry. 

 

3.5.5. Enzyme-Linked Immunosorbent Assay (ELISA) 

HEK293T cells or BT-474 breast cancer cells transfected with the 

control (empty) pIRES2-EGFP vector or the recombinant construct carrying 

CRAM-A cDNA insert were cultured as 5x104 cells/well in full media in 96-

well plates overnight at 37°C. Cells were incubated with control isotypic IgG 

mAb or unconjugated anti-human CCRL2 (clone: 152254) for 15 min at 37°C. 

The ligands (rhCCL5, 2 ng/mL; rhCCL19, 0.5 ng/mL; or rhChemerin, 2 

ng/mL) were added into corresponding wells and incubated for 20 min at 

37°C. Then, the cell culture media was collected from each well and 

centrifuged at 2000 rpm for 5 min at 4°C. The supernatants were collected 

and stored at -86°C until the CCL5 (RANTES) and CCL19 (MIP-3 beta) 

ELISA assays were performed.      

ELISA assay kits were used according to the manufacturer’s 

instructions (RayBiotech, USA). Briefly, 96-well plates coated with anti-

human CCL5 or anti-human CCL19 antibodies were provided by the kit. All 
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reagents and samples were brought to room temperature (18-25°C) before 

use. If the samples needed to be diluted, 1X Assay Diluent B (Item E) was 

used for dilution of culture supernatants. Assay Diluent B was diluted 5-fold 

with distilled water. For preparation of standards, standards (recombinant 

human RANTES or recombinant human MIP-3 beta) (Item C) were briefly 

spun. 1X Assay Diluent B was added into the standard vial (Item C) to 

prepare a 50 ng/mL standard and mixed. 40 µL RANTES or MIP-3 beta 

standard from the vial of Item C was added into a tube with 960 µL of 1X 

Assay Diluent B to prepare a 2000 pg/mL stock standard solution. 400 µL of 

1X Assay Diluent B was pipetted into each tube. The stock standard solution 

was used to produce a dilution series. Each tube was mixed thoroughly 

before the next transfer. 1X Assay Diluent B served as the zero standard (0 

pg/mL). If the Wash Concentrate (Item B) contained visible crystals, it was 

warmed to room temperature and mixed gently until dissolved. 20 mL of 

Wash Buffer Concentrate was diluted by distilled water to yield 400 mL of 1X 

Wash Buffer. The Detection Antibody (Item F) was briefly spun before use. 

100 µL of 1X Assay Diluent B was added into the vial to prepare a detection 

antibody concentrate and mixed. The detection antibody concentrate was 

diluted 80-fold with 1X Assay Diluent B for use in assay procedure. The HRP-

Streptavidin concentrate vial (ItemG) was briefly spun before use. HRP-

Streptavidin concentrate was diluted 300-fold with 1X Assay Diluent B. All 

standards and samples were run in duplicate. 100 µL of each standard and 

100 µL of each sample were added into appropriate wells. Plates were 

covered and incubated for 2.5 hours at room temperature with gentle 

shaking. The solution was discarded and wells were washed 4 times with 1X 

Wash Solution. Wash was done by filling each well with Wash Buffer (300 

µL) using autowasher. After each wash, any remaining Wash Buffer was 

removed by tapping for good performance. 100 µL of 1X biotinylated 

antibody was added to each well, covered, and incubated for 1 hour at room 

temperature with gentle shaking. The solution was discarded and again 
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washed as described above. 100 µL of HRP-Streptavidin solution was added 

to each well. Plates were covered and incubated for 45 min at room 

temperature with gentle shaking. The solution was discarded and again 

washed as described before. 100 µL of 3,3´,5,5´-tetramethylbenzidine (TMB) 

in buffered solution (TMB one-step substrate reagent) was added to each 

well. Plates were covered and incubated for 30 min at room temperature in 

the dark with gentle shaking. 50 µL of Stop Solution was added to each well 

and immediately read at 450 nm. In order to quantify the amount of 

chemokines, standard curves were drawn for CCL5 and CCL19 (Figure 3.6 A 

and B). 
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A) 

 

B) 

  

Figure 3.6. Standard curves obtained for A) CCL5 and B) CCL19 ELISAs. 
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3.6. Cell Isolation and Sorting    

3.6.1. Isolation of Lymphoid Cells 

In order to isolate peripheral blood mononuclear cells (PBMCs), 

peripheral blood was taken from healthy volunteers. 2-3 mL RPMI 1640 was 

mixed with the blood. 3 mL Ficoll 1077 was added into the bottom of a 15 mL 

falcon tube. Blood was added onto Ficoll by a Pasteur pipette slowly flushing 

against the tube wall. Tubes were centrifuged (Thermo Scientific Suprafuge 

22, Germany) at 1700 rpm (400xg) for 25 min. PBMCs were collected using a 

Pasteur pipette, put into a 50 mL falcon tube, washed with 1X PBS, and 

centrifuged at 2000 rpm for 5 min. Supernatant was discarded and pellet was 

resuspended with 1 mL 1X PBS. In order to isolate NK and B lymphocytes, 

PBMCs were labeled with 30 µL anti-CD45-PerCP, anti-CD3-FITC, anti-

CD16/CD56-PE, and anti-CD19-APC antibody cocktail. In order to isolate 

helper T cells and cytotoxic T cells, PBMCs were labeled with 25 µL anti-

CD3-APC, anti-CD4-FITC, and anti-CD8-PE antibody cocktail (Table 3.12). 

PBMCs were incubated with antibodies at room temperature for 30 min in 

dark. After completion of the incubation, 2 mL full RPMI was added into the 

tubes and filtered using 70 micron sterile strainers (Corning, USA) to remove 

any aggregates. 

In the flow cytometric gating strategy, initially, lymphocytic cells were 

gated according to their side scatter (SSC) and forward scatter (FSC) 

properties (region P2, Figure 3.7A). Then, for the isolation of CD3-CD19-

CD16/56+ NK cells (region P4) and CD3-CD19+CD16/56- B lymphocytes 

(region P5), CD45+ leukocytes were gated (region P3) (Figure 3.7B). For the 

isolation of CD3+CD4+CD8- helper (region Q1) and CD3+CD4-CD8+ cytotoxic 

T cells (region Q4), CD3+ T lymphocytes were gated (region P6) (Figure 

3.7C). Isolation of the targeted cell types was performed by Fluorescence 

activated cell sorting (FACS) on FACS Aria II flow cytometer. Later, isolated 
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lymphocytes’ purity was analyzed by post-sort analysis on flow cytometry 

(Figure 3.7B and C).  
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Figure 3.7. A) Gating lymphoid cells. B) Gating over leukocytes, NK cells 

and B lymphocytes and confirmation by post-sort flow cytometric analysis. C) 

Gating over CD3 positive T cells and sorting CD4+ and CD8+ T cells and 

confirmation by post-sort flow cytometric analysis.  
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3.6.2. Isolation of Monocytes and Neutrophils 

For monocyte isolation, PBMCs were isolated from peripheral blood as 

explained in Section 3.6.1. PBMCs were cultured in T25 flasks containing full 

RPMI medium and incubated at 37°C overnight. Non-adherent cells and 

medium were discarded. Cells that were attached onto the flask’s bottom 

were considered as monocytes and extensively washed with 1X PBS to 

remove remaining non-adherent cells. Adherent cells were scraped and 

labeled with anti-CD13-PE and anti-CD14-FITC antibodies. These isolated 

cells were analyzed with flow cytometry and their monocyte origin was 

confirmed (Figure 3.8). 

For the isolation of neutrophils, in a 15 mL falcon tube, 3 mL Ficoll 

1119 in the bottom and 2.5 mL Ficoll 1077 on the top was added. Then, the 

blood was layered onto Ficoll 1077 by a Pasteur pipette slowly flushing 

against the tube wall. Centrifugation was done at 700xg for 20 min at 20°C. 

Leukocytes over Ficoll 1077 were discarded and leukocytes over Ficoll 1119 

were considered as PMNs and were isolated by a Pasteur pipette, washed 

by 1X PBS, and centrifuged at 2000 rpm for 5 min. Supernatant was 

discarded. Cells in the pellet were resuspended and labeled with anti-CD13-

PE and anti-CD66b-FITC antibodies. These isolated cells were analyzed with 

flow cytometry and confirmed as neutrophils (Figure 3.8). 



77 
 

 
 
 
 
 
 
 

Figure 3.8. Isolated monocytes and neutrophils (polymorphonuclear cells, 

PMNs) were confirmed by flow cytometry. 

 

After the isolation of immune cells (NK cells, B lymphocytes, T 

lymphocytes, monocytes, and neutrophils), cells were washed with 1X PBS 

and RNA was isolated as described in Section 3.3.1. In order to obtain good 

quality and appropriate RNA concentrations, for NK cells, B lymphocytes, 

and CD4+ helper T lymphocytes RNA was isolated from 5 independent 

donors; for CD8+ cytotoxic T lymphocytes RNA was isolated from 9 

independent donors; for monocytes RNA was isolated from 8 independent 

donors; and for polymorphonuclear (PMN) neutrophils RNA was isolated 

from 10 independent donors. The RNA samples from each isolation were 

pooled (concentrated) and treated with RNase-free DNase prior to cDNA 

synthesis (as described in Section 3.3.2).      
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3.7. Immunohistochemistry 

All breast tissues were fixed in 10% formalin and paraffinized. 

Samples were obtained from normal breast tissues (n=5) obtained from 

reduction mammoplasy operations. Invasive ductal carcinoma (grade 1/3, 

n=5; grade 2/3, n=5; grade 3/3, n=5) tissues with high ER positivity, and 

triple-negative (ER-, PR-, HER2-) invasive ductal carcinoma tissues (n=9) 

was used. In order to determine CCRL2 expression, streptavidin-biotin triple 

indirect immunoperoxidase method was applied. Liver tissue was selected as 

a positive control. 

From the paraffin blocks of the tissues, 4 µm thick slices were taken 

on polylysin covered slides and deparaffinized at 56°C for 12 h. Samples 

were incubated in xylene for 30 min. In order to hydrate the tissues, they 

were incubated in serial (100%, 95%, and 90%) ethanol dilutions for 5 min. 

Samples were washed with water. In order to block endogenous peroxidase, 

samples were incubated in 3% hydrogen peroxide solution at room 

temperature for 10 min. Following the washing with PBS (pH 7.6) for 5 min, 

samples were incubated in citrate buffer (pH 6.0) in microwave oven for 20 

min, for antigen retrieval process and were incubated in room temperature for 

30 min. Then, they were washed with distilled water 3 times, incubated in 

non-immune protein blocking serum for 10 min, and covered with anti-CCRL2 

primary antibody (1:100 dilution) and incubated in room temperature for 1 h. 

After washing with PBS and drying, the samples were incubated with 

secondary antibody (Multi-species ultra streptavidin detection system-HRP, 

Lab Vision, USA) at room temperature for 10 min and washed 3 times with 

PBS each for 5 min. Samples were incubated with streptavidin-biotin 

complex for 10 min (Lab Vision, USA) and washed 2 times with PBS. 

Addition of diaminobenzidine (DAB) (Lab Vision, USA) for 10 min revealed 

the staining. Counter staining method was performed with Harris 

hematoxylene. In order to dehydrate the samples, slices were again 
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incubated in 90%, 95%, and 100% ethanol 5 min each and brighted in 

xylene. 

In order to evaluate immunohistochemical staining, every region of 

tissue was examined under light microscopy (Olympus CX41, USA). CCRL2 

cytoplasmic expression in the tumor cells, staining distribution, and severity 

were determined. CCRL2 staining was categorized as, >50%, diffuse; <50% 

was regarded as focal. For staining intensity, observations were performed at 

40X magnification was used, 100X for moderate staining, and 200X 

magnification for low intensity. Immunohistochemistry analyses were 

performed in Gazi University, Department of Pathology.   

            

3.8. Statistical Analysis 

Statistical analyses were carried out by using Microsoft Office Excel 

2003 program. All values were expressed by arithmetic mean ± standard 

deviation (SD). Statistical difference between experimental groups was 

determined using Student’s paired or unpaired t-test where appropriate. 

Differences were regarded as statistically significant when P ≤ 0.05. 

The probability of SNPs determined in recombinant DNA constructs by 

DNA sequencing (Section 3.3.10) on protein function damage was 

determined using PolyPhen-2 computer program publicly available online 

[104]. 
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4. RESULTS 

4.1. Expression of CCRL2 Variants in Immune Cells 

Expression of CCRL2 transcript variants, CRAM-A and CRAM-B in 

different immune cells was investigated by RT-PCR. Since the quality 

(OD260/OD280 1.15; OD260/OD230 0.31) and concentration (1.8 ng/µL) of RNA 

isolated from monocytes were not optimal, it was not used in gene 

expression analyses. The results of CRAM-A and CRAM-B gene expression 

in the CD3+CD4+ helper T cells, CD3+CD8+ cytotoxic T cells, CD45+CD3-

CD19-CD16/56+ NK cells, CD45+CD3-CD19+CD16/56- B cells, and 

CD13+CD66b+ polymorphonuclear cells are shown in Figure 4.1. β-actin was 

amplified as housekeeping gene.  

 

 

Figure 4.1. CRAM-A and CRAM-B gene expression in immune cells. Th, 

helper T lymphocytes; CTL, cytotoxic T lymphocytes; NK, natural killer cells; 

B, B lymphocytes; PMN, polymorphonuclear leukocytes; C(-), negative 

control; C(+), positive control. cDNA obtained from MDA-MB-231 cell line 

was used as positive control.  

 

CRAM-A expression was not detected in these immune cells. A slight 

CRAM-B expression band was obtained with Th cells, but it was clearly 

detectable in all the other immune cells including CTLs, B lymphocytes, 
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PMNs, and most prominently in NK cells. This result shows that CRAM-A 

was not expressed in these immune cells under steady state (control) 

conditions. However, CRAM-B was widely expressed in unstimulated 

immune cell types.  

 

4.1.1. Expression of CCRL2 Variants in Immune Cells Under LPS or  

IFN-γ Stimulation 

In order to investigate the expression of CRAM-A and CRAM-B in 

immune cells under inflammatory conditions, PBMCs were stimulated with 

LPS or IFN-γ for 24 h. RT-PCR results of CRAM-A and CRAM-B expression 

are shown in Figure 4.2. 

 

 

Figure 4.2. CRAM-A and CRAM-B gene expression in control or in LPS- or 

IFN-γ-stimulated PBMCs. Ctrl., control; +LPS, LPS stimulation; +IFN-γ, IFN-γ 

stimulation; C(-), negative control; C(+), positive control. cDNA obtained from 

MDA-MB-231 cell line was used as positive control.  

 

CRAM-B expression was still highly present under LPS or IFN-γ 

stimulation, not changed. On the other hand, CRAM-A became apparent in 
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PBMCs stimulated either with LPS or IFN-γ. Whereas, its expression was 

barely low in control PBMCs. 

 

4.2. Expression of CCRL2 Variants in Breast Cancer Cell Lines 

CRAM-A and CRAM-B expression in unstimulated (control) or LPS- or 

IFN-γ-treated breast cancer cell lines (MCF-12A normal breast, MCF-7, SK-

BR-3, MDA-MB-468, MDA-MB-231, BT-474, T-47D, ZR-75-1, and HCC38) 

were investigated (Figure 4.3). 

 

 

Figure 4.3. Expression of CCRL2 variants, CRAM-A and CRAM-B, in breast 

cancer cell lines with or without LPS or IFN-γ stimulation. C(-), negative 

control; C(+), positive control. cDNA obtained from MDA-MB-231 cell line 

was used as positive control.  
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CRAM-B expression was clearly observed in control MDA-MB-468, 

MDA-MB-231, BT-474, and ZR-75-1. After LPS stimulation, CRAM-B 

expression tended to decrease especially in MDA-MB-468 and BT-474 cell 

lines. After IFN-γ stimulation, CRAM-B expression was induced in MCF-7 

and SK-BR-3 cell lines. No CRAM-B expression was detected in MCF-12A, 

T-47D, and HCC38 cell lines even under stimulatory conditions. 

Amongst control or LPS-stimulated cell lines, CRAM-A was only 

detected in MDA-MB-231 cells. However, upon IFN-γ stimulation, CRAM-A 

expression was induced in all of these breast cancer cell lines except for 

HCC38 and showed pronounced expression in MDA-MB-231 cells (Figure 

4.3). 

 

4.3. Expression of CCRL2-related Genes in MDA-MB-231 Cell Line 

Since both CRAM-A and CRAM-B were constitutively expressed in 

MDA-MB-231 cell line, it was questioned whether “CCRL2-related genes” 

were also constitutively expressed in this cell line.  

 

 

 

 



84 
 

 
 
 
 
 
 
 

       

Figure 4.4. CCRL2-related chemokines and chemokine receptors. CCRL2’s 

specific chemokine ligands are shown in purple, canonical signal transducer 

chemokine receptors are shown in green, and atypical non-signaling 

chemokine receptors are shown in red. Lines represent ligand-receptor 

interactions. 

 

CCRL2-related genes include the specific ligands for CCRL2 and the 

classical and atypical chemokine receptors that share chemokine ligands 

with CCRL2. CCRL2’s specific chemokine ligands are CCL5, CCL19, and 

chemerin. CCL5 binds CCR1, CCR3, CCR4, and CCR5 canonical signal 

transducer chemokine receptors and DARC and D6 atypical non-signaling 

chemokine receptors. CCL19 binds CCR7 canonical signal transducer and 

CCRL1 atypical chemokine receptors. Chemerin binds CMKLR1 and GPR1 

signal transducer chemokine receptors. These genes can be related with the 

expression and/or with the function of CCRL2. CCRL2-related chemokines 

and chemokine receptors are displayed in Figure 4.4. 
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Figure 4.5. CCRL2-related gene expression analysis in control or LPS-

stimulated MDA-MB-231 breast cancer cell line. LPS (-/+), unstimulated 

control or stimulated with LPS; C(-), negative control; C(+), positive control. 

cDNA obtained from control or LPS-stimulated PBMCs was used as positive 

controls.  

 

There was no obvious and important relation between constitutive 

expression of CRAM-A and CRAM-B and other CCRL2-related genes in 

MDA-MB-231. Since CCRL2 expression is not distinctly changed under LPS 

stimulation, MDA-MB-231 cells stimulated with LPS were also a stimulated 

control used to check if LPS affects the expression of CCRL2-related genes. 



86 
 

 
 
 
 
 
 
 

CRAM-A and CRAM-B were highly expressed in MDA-MB-231 cells, while 

other decoy chemokine receptors, CCRL1, D6, and DARC, were not 

expressed. Among the CCRL2-related conventional chemokine receptors 

only CCR1 and CMKLR1 expression was observed in control or LPS-

stimulated cells. A slight GPR1 expression was only observed after LPS 

stimulation. The cognate chemokines for CCRL2, CCL5, CCL19, and 

chemerin, were not expressed (Figure 4.5). These results show that there 

might not be a direct relationship between the constitutive expression of 

CRAM-A or CRAM-B with the expression of CCRL2-related genes in MDA-

MB-231 breast cancer cell line. 

 

4.4. Construction of Recombinant CRAM-A and CRAM-B DNA for 

Eukaryotic Expression 

In order to obtain two separate and intact CRAM-A or CRAM-B and 

EGFP proteins, human CRAM-A or CRAM-B genes were cloned into the 

eukaryotic expression vector pIRES2-EGFP (Figure 4.6).  
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Figure 4.6. Schematic presentation of the recombinant human CRAM-A or 

CRAM-B genes cloned into eukaryotic expression vector pIRES2-EGFP and 

the expression of two intact proteins CRAM-A or -B and EGFP. EGFP, 

Enhanced green fluorescent protein. 

 

RNA was isolated from peripheral blood and/or MDA-MB-231 breast 

cancer cell line. cDNA was synthesized by RT-PCR. CRAM-A and CRAM-B 

coding sequences were amplified by Pfu DNA polymerase. Amplified DNAs 

were examined by using agarose gel electrophoresis (Figure 4.7). CRAM-A 

and CRAM-B amplicons were confirmed as 1106 bp and 1070 bp, 

respectively. 
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Figure 4.7. Amplification of CRAM-A and CRAM-B insert DNA molecules by 

Pfu DNA polymerase and visualization on agarose gel. M, 1 kb DNA size 

marker. 

 

Amplified insert DNA molecules were isolated from agarose gel. In 

order to generate sticky ends at 5´ and 3´ ends of the DNA molecules, both 

the insert DNA and the vector were cut by NheI and XmaI restriction 

digestion enzymes. Inserts and the vector were isolated either from agarose 

gel or from tube. Insert and the vector were ligated by T4 DNA ligase 

enzyme. In order to amplify the recombinant plasmids, they were transferred 

into E.coli by heat shock transformation. Later, E.coli colonies that possibly 

harbored the recombinant CCRL2 constructs were selected due to 

kanamycin resistance (Figure 4.8) and recombinant plasmids were isolated.  

                                    



89 
 

 
 
 
 
 
 
 

                                     

Figure 4.8. Kanamycin resistant E.coli colonies on an LB agar petri dish 

possibly containing recombinant CCRL2 constructs. 

 

The presence of CRAM-A or CRAM–B inserts in recombinant plasmid 

DNA constructs were confirmed by PCR (Figure 4.9A). In addition, the clones 

that gave positive PCR results were further confirmed by NheI and XmaI 

restriction digestion (Figure 4.9B) and by DNA sequencing analysis 

(Supplement 1). 
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A) 

               

B) 

                                

Figure 4.9. A) Confirmation of recombinant DNA products by PCR (Left 

panel shows CRAM-A, right panel shows CRAM-B PCR amplifications) and 

B) by NheI-XmaI restriction digestion. Results of agarose gel electrophoresis 

are shown. +, Recombinant clones containing CRAM-A (left panel) or CRAM-

B (right panel) inserts; M, 1 kb DNA size marker. 

 

Confirmation of recombinant constructs by PCR showed 6406 bp total 

size of recombinant construct on top of the agarose gel and at 1106 bp for 

CRAM-A, and 6370 bp total size of recombinant construct and 1070 bp for 
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CRAM-B (Figure 4.9A). 1106 bp CRAM-A insert or 1070 bp CRAM-B insert 

was released by NheI-XmaI restriction digestion from 5300 bp pIRES2-EGFP 

vector (Figure 4.9B).  

DNA sequencing analyses revealed the presence of single nucleotide 

polymorphisms (SNPs) in the cloned CCRL2 genes (Table 4.1). The 

functional consequences of these SNPs in the protein product were 

assessed by using PolyPhen-2 computer program. 

 

Table 4.1. The SNPs detected in cloned CCRL2 genes. 

Gene SNP 

position 

Nucleotide 

change 

Amino 

acid 

position 

Amino 

acid 

change 

Damage 

probability 

NCBI SNP 

database 

no. 

CRAM-A +444 A → C 148 G → G none rs11266744 

CRAM-A +536 T → A 179 F → Y yes rs3204849  

CRAM-B +59 T → C 20 L → P yes novel SNP 

CRAM-B +533 A → G 178 K → R low or none novel SNP 

CRAM-B +727 A → G 243 I → V low or none rs3204850 

CRAM-B +827 A → G 276 Y → C yes novel SNP 

CRAM-B +925 A → G 309 K → E yes novel SNP 

 

Certain SNPs has been determined previously and were matched in 

the National Center for Biotechnology Information (NCBI) SNP database. In 

addition, four novel SNPs were also identified in the CCRL2 gene. Because 

of the presence of these SNPs in the cloned products, cloning steps were 

repeated till the recombinant constructs without any SNPs that could hamper 

the protein function were obtained. In total, among the 96 isolated colonies, 

12 were CRAM-A positive clones. Among the 60 isolated colonies, 10 were 
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CRAM-B clones. The recombinant CRAM-A or CRAM-B clones selected for 

further steps of the study were sequenced and no seriously damaging SNPs 

were observed. 

Hereafter, the recombinant plasmids carrying CRAM-A coding 

sequence were named as pCRAM-A-IRES2-EGFP. Whereas, the 

recombinant plasmids carrying CRAM-B coding sequence were named as 

pCRAM-B-IRES2-EGFP. 

 

4.5. De Novo Expression and Functional Analysis of CRAM-A and 

CRAM-B 

In order to check the expression and to perform functional analyses on 

recombinant CRAM-A or CRAM-B genes, pCRAM-A-IRES2-EGFP or 

pCRAM-B-IRES2-EGFP plasmids were transfected into human embryonic 

kidney (HEK293T) cell line. Since these cells are easily grown and are good 

transfection hosts, they were preferentially used for initial expression and 

functional analyses. In addition, HEK293T cells carry SV40 large T antigen, 

which allows the efficient amplification and expression of SV40 origin of 

replication-containing plasmids [105]. 

Before using HEK293T cells, they were examined for the expression 

of CCRL2-related genes (See Figure 4.4). Since HEK293T cells do not 

express CRAM-A or CRAM-B, CRAM-A or CRAM-B recombinant constructs 

were supposed to be transferred into these cells to generate their de novo 

expression. In addition, the absence of CCRL2-related genes in HEK293T 

cells was important for this study to prevent complexities in the experiments 

because of the interactions between CCRL2’s cognate ligands and other 

receptors binding the same ligands. By using RT-PCR, we found that only 

CCRL1 was expressed in these cells (Figure 4.10). Since most of the 
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CCRL2-related genes were not expressed by HEK293T cells, we decided 

that working with these cells would generate consistent results. 

 

                

Figure 4.10. Gene expression analysis of CCRL2-related genes in HEK293T 

cells. 293T, HEK293T cell line; C(-), negative control; C(+), positive control. 

cDNA obtained from MDA-MB-231 cell line or LPS-stimulated PBMCs was 

used as positive control.  
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pIRES2-EGFP is a bicistronic vector and allows the expression of two 

intact proteins from a single mRNA. EGFP is the reporter protein and EGFP-

positive cells indicate successfully transfected cells. HEK293T cells were 

transfected with empty vector pIRES2-EGFP as the control. In order to 

investigate the expression of the recombinant plasmids in successfully 

transfected cells, flow cytometry gate was selected over the EGFP-positive 

region. Untransfected HEK293T cells were used as autofluorescence 

controls in order to determine the gate for EGFP+ cells (Figure 4.11A). The 

cells that were transfected with the empty vector showed high EGFP 

expression (65-86%) (Figure 4.11B). On the other hand, the cells that were 

transfected with pCRAM-A-IRES2-EGFP or pCRAM-B-IRES2-EGFP 

recombinant plasmids showed lower EGFP expression (45-62%) (Figure 

4.11B). EGFP+ HEK293T cells transfected with recombinant CRAM-A or 

CRAM-B constructs were also identified with CCRL2 surface expression 

(Figure 4.11B). The cells were labeled with APC-labeled anti-human CCRL2 

antibody. By the flow cytometric analysis in HEK293T cells, de novo 

expression of the recombinant plasmids in eukaryotic cells was shown. Thus, 

pCRAM-A-IRES2-EGFP or pCRAM-B-IRES2-EGFP could be efficiently 

transcribed, translated, and translocated to the cell surface. 
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A)                                                B) 

 

Figure 4.11. Surface expression analysis of recombinant CRAM-A or CRAM-

B constructs transfected into HEK293T cells. A) The gate P5 was taken 

according to the untransfected HEK293T cells displaying auto-fluorescence. 

B) EGFP+ HEK293T cells transfected with the empty vector pIRES2-EGFP 

(left panel) or with the recombinant plasmid pCRAM-A/-B-IRES2-EGFP (right 

panel) were gated. CCRL2 expression in pCRAM-A/-B-IRES2-EGFP 

transfected cells are shown in the histogram overlayed with that of control 

vector transfected cells. Pink color shows the cells transfected with pIRES2-

EGFP. Blue color shows the cells transfected with pCRAM-A/B-IRES2-EGFP 

recombinant construct. Representative histograms out of at least 3 

independent experiments are shown. 
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Ca2+ Mobilization Assay 

Upon engagement with their cognate ligands, decoy chemokine 

receptors do not transduce signals. Therefore, they cannot affect the 

intracellular calcium dynamics [103]. In order to validate the 

unresponsiveness of pCRAM-A/-B-IRES2-EGFP or pIRES2-EGFP-

transfected HEK293T cells to CCRL2 ligands, CCL5, CCL19, and chemerin, 

flow cytometric Ca2+ ion mobilization assay with the FuraRedII fluorescent 

probe was performed. The changes in fluorescence intensity were read 

against the time. The calcium ionophore, ionomycin, was used as a positive 

control. 

At the 48 h post-transfection, HEK293T cells either transfected with 

pIRES2-EGFP or pCRAM-A-IRES2-EGFP or pCRAM-B-IRES2-EGFP were 

stained with FuraRedII agent. Cells were read for 3 minutes at 37°C; then, 

CCL5, CCL19, and chemerin chemokine cocktail was added into the tubes, 

and the assay was continued for 4 minutes. This was followed by the addition 

of ionomycin and the cells were read for another 3 minutes (Figure 4.12A). 

The change in the MFI values of FuraRedII was also quantified and plotted in 

Figure 4.12B.  

Intracellular Ca2+ mobilization was not changed in the absence or 

presence of CCRL2’s specific chemokine ligands either in CRAM-A or in 

CRAM-B or empty vector transfected cells. On the other hand, addition of 

Ca2+ ionophore resulted in a decrease in FuraRedII fluorescence indicating 

that the experimental setup was working properly. 
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A) 

          

B)                                               

 

Figure 4.12. Ca2+ mobilization analysis in HEK293T cells transfected with the 

control empty vector pIRES2-EGFP and recombinant plasmids pCRAM-A-

IRES2-EGFP or pCRAM-B-IRES2-EGFP. A) Representative dot-plots are 

shown. B) The change in FuraRedII MFI values are given. 
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4.6. Construction of GFP Hybrids of CRAM-A or CRAM-B Genes 

Production of hybrid proteins conjugated with GFP is a feasible 

approach that facilitates tracing of the target protein. Cloning into 

pcDNA3.1/CT-GFP provided the covalent binding of GFP protein to the C-

terminal of CRAM-A or CRAM-B (Figure 4.13). 

             

Figure 4.13. Schematic presentation of human CRAM-A or CRAM-B cloning 

into pcDNA3.1/CT-GFP eukaryotic expression vector and the resulting 

CRAM-A/B-GFP hybrid recombinant protein. GFP, Green fluorescent protein. 

 

For the construction of CRAM-A- or CRAM-B-GFP recombinant DNA, 

RNA was isolated from peripheral blood and/or MDA-MB-231 breast cancer 

cell line. cDNA was synthesized by RT-PCR. CRAM-A and CRAM-B genes 

were amplified with specific forward and reverse (without stop codon) primers 

by using Taq DNA polymerase (Figure 4.14).  
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Figure 4.14. Amplification of CRAM-A and CRAM-B DNA inserts by Taq 

DNA polymerase. Photographs taken under UV transilluminator are shown 

after agarose gel electrophoresis. M, 1 kb DNA size marker.  

 

CRAM-A amplicon was confirmed at 1082 bp and CRAM-B amplicon 

was obtained at 1038 bp. CRAM-A and CRAM-B genes were isolated from 

agarose gel. The vector and the insert DNA molecules were cloned into 

pcDNA3.1/CT-GFP vector by using topoisomerase TA cloning (GFP Fusion 

TOPO® TA Expression Kit, Invitrogen, USA). In order to amplify the 

recombinant plasmids, they were transferred into E.coli by heat shock 

transformation. E.coli colonies that were resistant to ampicillin due to the 

resistance gene on the vector were selected (Figure 4.15) and plasmids were 

purified. 
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Figure 4.15. Ampicillin resistant E.coli colonies on an LB agar petri dish 

possibly containing recombinant CCRL2 variants hybridized with GFP. 

 

The presence of CRAM-A or CRAM-B insert DNA in the recombinant 

plasmids were confirmed by using PCR (Figure 4.16A), MluI restriction 

digestion (Figure 4.16B), and DNA sequencing analysis (Supplement 2). 

Confirmation of recombinant constructs by PCR revealed 7239 bp total size 

of recombinant construct, 1082 bp for CRAM-A, and 7195 bp total size of 

recombinant construct, 1038 bp for CRAM-B (Figure 4.16A). The constructs 

that were confirmed to be positive by PCR were later digested by MluI 

endonuclease for the analysis of inserts’ orientation. MluI restriction digestion 

gives 5000, 1199, and 985 bp bands for 5´-3´ correct orientation of CRAM-A; 

and, 5000, 1199, and 941 bp bands for 5´-3´ correct orientation of CRAM-B 

inserts (Please refer to Materials and Methods Section 3.3.10, Figure 3.5). 

MluI digestion results of pcDNA3.1/CRAM-A-CT-GFP and pcDNA3.1/CRAM-

B-CT-GFP are shown in Figure 4.16B).  
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A) 

 

B) 

    

Figure 4.16. Confirmation of recombinant DNA products A) by PCR, and B) 

confirmation of inserts’ orientation by MluI restriction digestion, and 

examination on agarose gel. +, Recombinant clones containing CRAM-A or 

CRAM-B inserts; 5´-3´, Recombinant clones with correct insert orientation. 

 

DNA sequencing analyses showed that no SNPs that may hamper the 

expression or function of CRAM-A or CRAM-B proteins were found in the 

pcDNA3.1/CRAM-A-CT-GFP or pcDNA3.1/CRAM-B-CT-GFP constructs. In 

addition, the hybridization with GFP was also confirmed by DNA sequencing 

analysis. 
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Until the recombinant products with 5´-3´ orientation were obtained, 

whole TA cloning procedures were repeated for 3 times. Among 107 

ampicillin-resistant E.coli colonies that plasmids were purified, 24 were 

harboring CRAM-A inserts, 2 were correct oriented, and one was sequenced. 

Among 142 ampicillin-resistant E.coli colonies that plasmids were purified, 22 

were harboring CRAM-B inserts, 2 were correct oriented, and one was 

sequenced.  

For the expression analyses, pcDNA3.1/CRAM-A-CT-GFP or 

pcDNA3.1/CRAM-B-CT-GFP recombinant plasmids were transfected into 

HEK293T cells. Here, GFP protein will be covalently bound to the C-terminus 

of CRAM-A or CRAM-B proteins. GFP is the reporter protein indicating the 

successfully transfected cells. HEK293T cells were transfected with empty 

vector pcDNA3.1/CT-GFP as the control. In order to investigate the 

expression of the recombinant plasmids in successfully transfected cells, flow 

cytometry gate was selected over the GFP-positive region. Untransfected 

HEK293T cells were used as autofluorescence controls in order to determine 

the gate for GFP+ cells (Figure 4.17A). The cells that were transfected with 

the empty vector showed high GFP expression (55-75%) (Figure 4.17B). On 

the other hand, the cells that were transfected with pcDNA3.1/CRAM-A-CT-

GFP or pcDNA3.1/CRAM-B-CT-GFP recombinant plasmids showed low GFP 

expression (20-37%) (Figure 4.17B). GFP+ HEK293T cells transfected with 

recombinant CRAM-A or CRAM-B constructs were identified with CCRL2 

surface expression (Figure 4.17B). The cells were labeled with APC-

conjugated anti-human CCRL2 antibody and only low amounts of CCRL2 

could be detected in GFP+ cells. 
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A)                                              B)                                 

Figure 4.17. A) The gate P5 was taken according to the untransfected 

HEK293T cells displaying auto-fluorescence. B) GFP+ HEK293T cells 

transfected with the empty vector pcDNA3.1/CT-GFP (left panel) or with the 

recombinant plasmid pcDNA3.1/CRAM-A/-B-CT-GFP (right panel) were 

gated. CCRL2 expression in pcDNA3.1/CRAM-A/-B-CT-GFP transfected 

cells are shown in the histogram overlayed with that of control vector 

transfected cells. Pink color shows the cells transfected with pcDNA3.1/CT-

GFP. Blue color shows the cells transfected with pcDNA3.1/CRAM-A/-B-CT-

GFP recombinant construct. Representative histograms out of at least 3 

independent experiments are shown. 

 

Empty vector pcDNA3.1/CT-GFP and recombinant hybrid constructs 

pcDNA3.1/CRAM-A-CT-GFP- and pcDNA3.1/CRAM-B-CT-GFP- transfected 

HEK293T cells were observed under fluorescent microscopy (Figure 4.18). 
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A)                                                      B) 

 

Figure 4.18. Fluorescence microscopic observation of A) HEK293T cells 

transfected with the empty vector pcDNA3.1/CT-GFP and B) HEK293T cells 

transfected with pcDNA3.1/CRAM-A/B-CT-GFP recombinant plasmids. 

Green, Green fluorescent protein (GFP) expressing cells; Blue, DAPI staining 

of nuclei. 

 

Since GFP fluorescence was very dim in HEK293T cells transfected 

with CRAM-A/B-GFP hybrid DNA to be clearly visualized by fluorescent 

microscopy, this approach was abandoned for the intracellular tracing of 

CCRL2. 

 

4.7. Determination of the Binding Capacity of anti-CCRL2 mAb 152254 

in the Presence of CCRL2 Ligands 

According to the gene expression results obtained in Section 4.1, the 

long variant of CCRL2, CRAM-A, was primarily modulated by IFN-γ 
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stimulation. Since this observation might indicate a preferential modulation of 

inflammatory responses by CRAM-A, further experiments were focused on 

this CCRL2 variant. 

As there are restricted numbers of monoclonal antibodies recognizing 

CCRL2, initially, the binding capacity of mAb 152254 was assessed in the 

presence of recombinant human CCL5, CCL19, and chemerin. Thus, the 

convenience of this antibody for functional assays was examined. For this 

purpose, HEK293T cells were transfected with pCRAM-A-IRES2-EGFP 

plasmid. At 48 h post-transfection, cells were incubated with CCRL2 ligands 

and then stained with APC-labeled mAb 152254. The incubations were 

performed on ice to avoid internalization and the membrane trafficking of the 

receptor. 

None of the chemokine ligands completely abrogated mAb 152254’s 

binding capacity. However, in the presence of CCL19 thus, anti-CCRL2 

antibody recognized CRAM-A with a significantly higher ratio in comparison 

to those of CCL5 or chemerin (Figure 4.19). 
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A)

 B) 

                    

Figure 4.19. Binding capacity of anti-CCRL2 antibody 152254 in the 

presence of CCRL2-specific chemokine ligands. HEK293T cells transfected 

with pCRAM-A-IRES2-EGFP were used in the experiments. A) Flow 

cytometric histograms and B) bar graphics showing the CRAM-A MFI values 

are shown. Data were obtained from two independent experiments and are 

shown as mean ± SD (*P<0.05). rh, recombinant human; Ctrl., Control; 

Chem., Chemerin.  
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4.8. Determination of Surface Expression Changes of CRAM-A in the 

Presence of CCL5, CCL19, or Chemerin 

Surface expression changes of the receptor, CRAM-A-transfected 

HEK293T cells were analyzed in the presence of CCRL2-specific chemokine 

ligands, CCL5, CCL19, and chemerin. 

Initially, the cells were kept on ice, then incubated in 37°C water bath 

for 10 min, 30 min, or 1 h and immediately transferred back into ice following 

the completion of the incubation. When the control cells without ligand 

incubation kept on the ice throughout the experiment were transferred from 

0°C to 37°C, a slight rise in the receptor surface expression was observed 

(Figure 4.20). The change in CRAM-A surface expression in the presence of 

CCL5 showed a similar trend as that of observed with no-ligand control. On 

the other hand, upon binding CCL19, CRAM-A surface levels were steadily 

decreased up to ~ 25% (*P<0.05). In the presence of chemerin, CRAM-A 

surface expression change was also significantly downregulated when 

compared with the control, especially at 30 min. However, at 60 min 

incubation with chemerin the surface level of CRAM-A tended to increase, 

indicating a possible recircularization of the receptor to the cell surface. 
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A) 

      

B)                                  

 

Figure 4.20. CRAM-A surface levels in the presence of CCL5, CCL19, or 

chemerin. A) Flow cytometric histograms representing the CCRL2 surface 

level at different time points following the addition of recombinant 

chemokines. B) The change in the MFI values of CCRL2 staining is shown 

as percentages of initial value obtained at 0°C for each chemokine ligand. 

Data were obtained from two independent experiments and are shown as 

mean ± SD (*P < 0.05). 
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4.9. The Analysis of CCL5 and CCL19 Chemokine Removal Capacity of 

CRAM-A 

HEK293T cells and representative breast cancer cell lines MDA-MB-

468 or BT-474 were used for this approach. However, because of the low 

MDA-MB-468 viability under DNA transfection conditions, the assays were 

continued with HEK293T and BT-474 cells. 

 

4.9.1. In HEK293T Cells 

HEK293T cells were transfected with pCRAM-A-IRES2-EGFP 

recombinant plasmid as described in Section 4.5 and in Section 3.4.7. Prior 

to incubation with CCL5 or CCL19, transfected cells were incubated with 

unconjugated anti-CCRL2 152254 or with the isotypic IgG mAb. Since anti-

CCRL2 antibody is specific for the receptor, it can alter the ligand binding 

capacity of the receptor; therefore, higher amounts of its ligands would 

remain in the cell culture media. After the addition of appropriate amounts of 

recombinant chemokine ligands, considering the sensitivity of the ELISA kits, 

supernatants were collected following 20 min of incubation. ELISAs were 

performed for CCL5 and CCL19. 
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Figure 4.21. ELISA results for CCL5 (left panel) and CCL19 (right panel). 

(*P<0.05). Iso, isotypic IgG antibody; aCCRL2, anti-CCRL2 mAb 152254. 

 

In the HEK293T cells transfected with pCRAM-A-IRES2-EGFP, 

hampering the binding of CRAM-A to its chemokine ligands with the mAb 

modulated chemokine concentration in the cell culture media. Even though 

binding of CRAM-A with anti-CCRL2 antibody resulted CCL5 to remain 

higher in the medium, the difference did not reach to statistical significance 

level (Figure 4.21, left panel). On the other hand, when CRAM-A was bound 

with anti-CCRL2 antibody, CCL19 levels remained significantly higher in the 

environment (Figure 4.21, right panel) in comparison to the cells incubated 

with the isotypic IgG. Thus, CCL19 was more effectively removed from the 

extracellular milieu than CCL5 by CRAM-A. 

 

4.9.2. In BT-474 Breast Cancer Cells 

In order to investigate the chemokine removal capacity of CRAM-A 

expressed on breast cancer cells, the breast cancer cell lines MDA-MB-468 

and BT-474 which were able to highly express CRAM-A upon IFN-γ 

stimulation, were transfected with pCRAM-A-IRES2-EGFP recombinant 
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plasmid. The increase in the CCRL2 expression in these cell lines can be 

seen in Figure 4.22. 

In approximately 15% of untransfected control MDA-MB-468 and BT-

474 breast cancer cell lines were CCRL2+. This expression was regarded as 

CRAM-B, since no CRAM-A gene expression was observed in these cell 

lines under normal (control) conditions (Please refer to Section 4.2). There 

was no significant difference between untransfected and empty vector-

transfected cells in CCRL2 expression. After transfection with pCRAM-A-

IRES2-EGFP, CCRL2 (i.e. CRAM-A) expression was increased mostly in BT-

474 cells (up to 60%). CRAM-A expression in MDA-MB-468 was lower 

(approximately 35%) and liposomal transfection procedure was cytotoxic for 

these cells. Thus, the experiments were continued with BT-474 cells. 
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A) 

   

B) 

 

Figure 4.22. A) Analysis of CCRL2 expression in CRAM-A-transfected MDA-

MB-468 and BT-474 breast cancer cell lines by flow cytometry. Empty 

histogram, empty vector pIRES2-EGFP-transfected cells; Filled histogram, 

pCRAM-A-IRES2-EGFP-transfected cells. B) The percentage of CCRL2 

positivity in CRAM-A-transfected MDA-MB-468 and BT-474 breast cancer 

cell lines. (*P < 0.05, **P < 0.01). Untr., untransfected control; pIRES2, empty 

vector pIRES2-EGFP transfected cells; pCRAM-A, pCRAM-A-IRES2-EGFP 

transfected cells. 
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In order to verify the convenience of BT-474 cells for CCRL2 functional 

analyses, CCRL2-related genes (CCL5, CCL19, Chemerin, CCR1, CCR3, 

CCR4, CCR5, CCR7, CCRL1, DARC, D6, CMKLR1, and GPR1) (Figure 4.4) 

were analyzed in BT-474 cell line (Figure 4.23). In control BT-474 cells, 

CRAM-B (as previously determined in Figure 4.3) and CCRL1 were the only 

CCRL2-related genes expressed. Therefore, BT-474 cells were used for 

chemokine removal analyses.  
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Figure 4.23. Expression analysis of CCRL2-related genes in control BT-474 

breast cancer cell line. C(-), negative control; C(+), positive control. cDNA 

obtained from MDA-MB-231 cell line or LPS-stimulated PBMCs was used as 

template for positive control.  

 

Similar to HEK293T cells, BT-474 breast cancer cells were transfected 

with pCRAM-A-IRES2-EGFP recombinant plasmid as described in Section 

4.5 and in Section 3.4.7. Prior to incubation with CCL5 or CCL19, transfected 

cells were incubated with unconjugated anti-CCRL2 152254 or with the 
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isotypic IgG mAb. Since anti-CCRL2 antibody is specific for the receptor, it 

can alter the ligand binding capacity of the receptor; therefore, higher 

amounts of its ligands would remain in the cell culture media. After the 

addition of appropriate amounts of recombinant chemokine ligands, 

considering the sensitivity of the ELISA kits, supernatants were collected 

following 20 min of incubation. ELISAs were performed for CCL5 and CCL19. 

 

   

Figure 4.24. ELISA results for CCL5 (left panel) and CCL19 (right panel). (**P 

< 0.01). Iso, isotypic IgG antibody; aCCRL2, anti-CCRL2 mAb 152254. 

 

In the BT-474 cells transfected with pCRAM-A-IRES2-EGFP, 

hampering the binding of CRAM-A to its chemokine ligands modulated 

chemokine concentration in the cell culture media. Even though binding of 

CRAM-A with anti-CCRL2 antibody resulted CCL5 to remain higher in the 

medium, the difference did not reach to statistical significance level (Figure 

4.24, left panel). On the other hand, when CRAM-A was bound with anti-

CCRL2 antibody, CCL19 levels remained significantly higher in the 

environment (Figure 4.24, right panel) in comparison to the cells incubated 

with isotypic control antibody. Thus, CCL19 was more effectively removed 
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from the extracellular milieu than CCL5 by CRAM-A. These data were 

consistent with the results obtained with HEK293T cells transfected with 

CRAM-A construct. 

 

4.10. CCRL2 Expression in Breast Cancer Tissues 

When the patient normal breast tissue samples were stained with 

CCRL2, no staining was observed; whereas, the immunohistochemistry 

(IHC) protocol was properly working as the positive control liver tissue 

(cytoplasm of hepatocytes) was successfully stained, (Figure 4.25 A and B). 

In the breast cancer tissues obtained from ER+ tumors, invasive ductal 

carcinomas, grade I or II cancers were stained with a similar distribution (2/10 

diffuse with low staining intensity, 4/10 focal with low staining intensity, and 

4/10 negative) (Figure 4.25 C and D). On the other hand, all of the grade III 

ER+ invasive ductal carcinomas were diffusely stained at low intensity with 

CCRL2 antibody (Figure 4.25 E). Triple-negative invasive breast cancers 

were again heterogeneously but more prominently positive for CCRL2 

(Figure 4.25 F, G, and H). Of the patient samples, 1/9 was diffusely and 

strongly positive; whereas, 3/9 stained diffuse and moderate, 1/9 stained 

diffuse and low, 3/9 showed focal and low staining and only one sample 

showed no staining for CCRL2. 
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Figure 4.25. Immunohistochemical determination of CCRL2 on breast cancer 

tissues. Representative micrographs are shown. CCRL2 staining in A) 

normal liver tissue (positive control), B) normal breast tissue, C) grade I 

invasive ductal carcinoma (IDC), D) grade II IDC, E) grade III IDC, and in 

triple-negative breast cancer tissues with F) low, G) moderate, and H) high 

CCRL2 expression levels are shown, (100X).  
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5. DISCUSSION 

In the literature, many studies investigating CCRL2 gene expression 

do not generally address which isoform, CRAM-A or CRAM-B, is transcribed 

or translated. In addition, it appears that generally the short isoform, CRAM-

B, has been implied when CCRL2 expression is mentioned. To our 

reasoning, this might be due to; I. CRAM-B is widely expressed in many cell 

types under physiological conditions. Thus, the alternative transcription start 

site for CRAM-A is not preferentially used in resting cells. II. To our 

knowledge, there is no CCRL2-specific antibodies that can discriminate 

between the isoforms, CRAM-A and CRAM-B. In addition, Western-Blot 

technique is not sensitive enough to reveal 12 amino acid-long size 

difference between these isoforms. Therefore, it is not feasible or possible to 

discriminate the protein expression levels of CRAM-A and CRAM-B. III. 

According to comparative transcript analysis, the long isoform, CRAM-A, is 

mainly restricted to primates and has no murine homolog. Alternatively, the 

mouse homolog of CCRL2, L-CCR, shares identity with CRAM-B (51% 

homology). Therefore, the murine studies on CCRL2 would not properly 

model the human situation. The overall data obtained from this thesis study, 

indicates the importance of CRAM-A isoform under inflammatory conditions. 

CRAM-A was identified to be the preferential isoform expressed especially 

upon exposure to IFN-γ, the primary anti-tumor cytokine.     

It has been previously shown that CCRL2 is expressed in almost all 

human hematopoietic cells including monocytes, macrophages, PMNs [106], 

basophils, mast cells [43], CD4+ and CD8+ T cells, pre- and pro-B cells 

(depending on the maturation stage) [7], DCs, NK cells, and CD34+ 

progenitor cells [44, 107]. Correspondingly, its expression can be found in 

lymphoid (spleen, lymph node, fetal liver, and bone marrow) but also in non-

lymphoid (lung, heart) tissues [107]. The murine homolog of CCRL2, L-CCR, 

has been shown to be expressed in macrophages, microglia, astrocytes, and 
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lung tissue [108, 109]. On the other hand, these studies rarely address which 

isoform of CCRL2 is expressed. Hartmann et al. found human CCRL2 

expression with a preferential expression of CRAM-B splice variant in pre-B 

cells. Only two B-CLL (pre-B) cell lines out of 6 (Nalm6 and G2) were 

expressing CRAM-A together with CRAM-B. In addition, the expression of 

CCRL2 was higher in pro- and pre-B cells than in immature and mature B 

lymphocytes [7]. Alternatively, Migeotte et al. reported no CCRL2 expression 

on the B cells obtained from peripheral blood [44].  

Here, distribution of CRAM-A and CRAM-B in immune cells was 

investigated. CRAM-A was not expressed in freshly isolated Th, B, NK, CTL, 

and PMN cells from healthy donors. This result shows that CRAM-A is not 

preferentially expressed in these immune cells under steady state 

(physiological) conditions. However, CRAM-B gene can be constitutively 

expressed in unstimulated immune cells. As demonstrated by Hartmann et 

al. [7], we also found that CCRL2 expression in B cells was only observed for 

CRAM-B. Although, Galligan et al. could not detect CCRL2 mRNA in freshly 

isolated PMNs by Northern blotting [110], we demonstrated CRAM-B mRNA 

expression in PMNs. Accordingly, CCRL2 was initially isolated from a cDNA 

library generated from PMN cells [107] and PMN was determined as CCRL2+ 

cells [44]. In addition, the cytokine-rich environment of synovial fluid from 

rheumatoid arthritis patients induces CRAM-A and CRAM-B expression on 

PMNs found in this fluid [110]. Indeed, in our study, LPS recapitulating the 

TNF and IL-1 pathways and IFN-γ amongst the factors found in synovial fluid 

up-regulated CCRL2 (especially CRAM-A) expression in PBMCs. 

Our analysis of CRAM-A and CRAM-B distribution in cDNA samples 

obtained from whole PBMCs showed that upon LPS or IFN-γ stimulation, 

CRAM-A expression was induced or up-regulated, while there was no 

obvious change in CRAM-B expression. Additional real-time PCR analyses 

would have been done to quantitatively reveal the exact change in CRAM-B 
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expression. Even though no CRAM-A expression was detected with 

individually purified immune cells (Th, CTL, B, NK, PMN cells), CRAM-A was 

slightly amplified in control PBMC samples. This CRAM-A expression may be 

deriving from monocytes (found amongst the PBMCs), which could not been 

separately analyzed due to technical problems. Alternatively, the template 

cDNA of purified immune cells was synthesized from 290 ng total RNA, but 

350 ng RNA was used for that of PBMCs. Thus, increasing the amount of 

template cDNA might have been resulted in the amplification of CRAM-A 

mRNA found at low levels under steady state condition. 

Monnier et al. reported that the combination of TNF-α, LPS and IFN-γ 

induced robust mCCRL2 (mouse CCRL2) expression in bEND.3, mouse 

endothelial cell line. Primary human umbilical vein and dermal microvascular 

endothelial cells, and a human brain endothelial cell line (hCMEC/D3) 

expressed CCRL2 and significantly upregulated upon TNF-α, LPS, and IFN-γ 

stimulation. Only the combination of such potent proinflammatory mediators 

could significantly induce CCRL2 expression [41]. Even though the 

combination of LPS and IFN-γ was not tested in our study, the increase in 

CRAM-A expression was evident with single-agent induction of PBMCs. 

Moreover, the addition of immune suppressive factors such as TGF-β or IL-

10 cannot inhibit the upregulated CCRL2 [41]. Galligan et al. reported that 

inflammatory products present in the synovial fluid can upregulate CCRL2 

expression on synovial neutrophils in rheumatoid arthritis patients [110]. Total 

mRNA of CCRL2 can be upregulated in a mouse microglial cell line infected 

with rabies virus [111]. Collectively, together with the data produced in this 

thesis study, CRAM-B is explicitly detected in resting hematopoietic cells. On 

the other hand, CCRL2 expression can be augmented and shifts to CRAM-A 

variant under inflammatory conditions. 

The relationship between CCRL2 and cancer has previously been 

investigated in glioblastoma and B cell chronic lymphocytic leukemia (CLL) 
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but not in breast cancer. Generally, by internalizing and decreasing the 

chemokine gradient, atypical chemokine receptors play an important role in 

attenuating inflammation. Since DARC, D6, and CCX-CKR have been shown 

to decrease tumor invasion, metastasis, and proliferation and are a sign for 

good prognosis in different types of cancers including breast cancer, it was 

wondered whether as an atypical chemokine receptor CCRL2 also plays a 

regulatory role in breast cancer. CCRL2-specific ligands CCL5 [112], CCL19 

[113], and chemerin [114] and the other CCRL2-related genes CCR1, CCR3, 

CCR4, CCR5, CCR7, CCRL1, DARC, D6, CMKLR1, and GPR1 have been 

found to play important roles in breast cancer [2, 49, 51, 115-117]. NK cells 

expressing CCRL2 and CMKLR1; CD4+ helper T lymphocytes expressing 

CCR5 and CCR7; and, CD8+ CTLs expressing CCR5 and CCR7 [41, 118, 

119], and many other immune cells possessing CCRL2-related molecules 

can also be found in breast tumors. Thus, since these immune cells respond 

to the same chemokine ligands (putatively) specific for CCRL2, their motility 

or even functions may be modulated by CCRL2. Therefore, we focused on 

the relationship between CCRL2 and breast cancer. 

In a wide panel of breast cancer cell lines, including MCF-12A normal 

basal; MDA-MB-468, MDA-MB-231, and HCC38 basal-like; and, MCF-7, SK-

BR-3, BT-474, T-47D, and ZR-75-1 luminal cells, CRAM-A and CRAM-B 

expression was investigated under normal steady state conditions or after 

LPS or IFN-γ stimulation. CRAM-B was expressed in certain breast cancer 

cell lines and LPS or IFN-γ stimulation did not modulate its expression levels 

distinctly. Intriguingly, CRAM-A expression was only detected in unstimulated 

or LPS-stimulated MDA-MB-231 cells. However, it became the most 

frequently expressed CCRL2 variant when these cell lines were stimulated 

with IFN-γ. A prominent increase in CRAM-A expression was also evidenced 

in IFN-γ-stimulated MDA-MB-231 cells. These results indicate that CRAM-A 

and CRAM-B expression may not be restricted either to basal-like or luminal 

subtypes of breast cancer cells. 
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It was exclusive that both CRAM-A and CRAM-B were constitutively 

expressed in MDA-MB-231 cells. It has been previously evidenced that the 

autocrine interaction between chemokine and chemokine receptors can 

increase the expression of decoy receptors specific for that chemokine. For 

example, stimulation with CCL5 increased CCRL2 expression in human pro-

B and pre-B cells [7] or the loop between CCL19 and CCR7 on B-CLL cells 

was accompanied with high CCRL2 levels [6]. In order to check if such an 

autocrine mechanism is present in MDA-MB-231 cells, CCRL2-related genes 

were assayed. However, none of the ligands or the canonical receptors 

except for GPR1 (under LPS stimulation) and CMKLR1, the cognate 

receptors of chemerin were found in this cell line. MDA-MB-231 has been 

regarded as one with the most aggressive and malignant breast cancer cell 

lines. These cells are of triple-negative basal-B subtype [120], showing 

epithelial-to-mesenchymal transition (EMT) [120] and are enriched in CD24-

CD44+ cancer stem cell (CSC) sub-population [121]. In addition, a recent 

work showed the capacity of MDA-MB-231 cells to maintain helper T cell 

responses including Th1 cell activation, proliferation, and IFN-γ secretion 

[122]. Thus, MDA-MB-231 might be involved in or directly constitute a pro-

inflammatory microenvironment that results in the constitutive expression of 

CRAM-A.  

As cancer is an inflammatory disease, it has been found that high 

CCRL2 mRNA level both in glioma cell lines and in glioblastoma patient 

samples where it may play an immune regulatory role [5]. However, CCRL2 

was associated with increased tumor cell migration and invasion capacity. 

This is an interesting report since CCRL2 does not induce signals. IFN-γ is 

one of the major mediators of anti-tumor immune responses and it is 

primarily secreted by NK cells, Th1 cells, and CTLs [13]. As a result, since 

CRAM-A was up-regulated upon treatment with IFN-γ, this study was further 

focused on CRAM-A variant.  
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It may be speculated that chemerin found in the breast tumor 

microenvironment [85] may act in a paracrine manner through CMKLR1 or 

GPR1 and influence CCRL2 expression which remained constitutive on 

MDA-MB-231 cells. Since CMKLR1 and GPR1 are expressed in these cells, 

CCRL2 regulation may be more related with chemerin than with other ligands 

However, this observation is made with a single cell line with very aggressive 

properties and needs to be expanded by using many other cell lines with 

similar properties. Accordingly, CCRL2 staining on human triple-negative 

(basal-like) breast cancer tissues was prominent on the samples with most 

aggressive features (grade III). Basal-like breast cancers are correlated with 

inflammatory responses and identified with a conspicuous lymphocytic 

infiltration. Therefore, it might be the microenvironment effect upregulating 

the level of CCRL2 (it is not known whether CRAM-A or CRAM-B was the 

dominant isoform due to antibody specificity) on human triple-negative breast 

tumors. However, to clearly associate the presence or the level of CRAM-B 

or CRAM-A transcripts with the molecular sub-types of the breast cancer, i. 

the number of human tissue samples must be increased, ii. CCRL2 protein 

expression in breast cancer cell lines must be determined, and/or iii. The 

level of CRAM-A and CRAM-B gene expression must be determined in the 

fresh tumor tissues. 

In inflammatory diseases including rheumatoid arthritis [110] and 

ischemic brain injury [123] and in malignant diseases including of 

glioblastoma [5] and B-CLL [6], high level expression of CCRL2 was 

reported. CRAM-A-specific up-regulation upon IFN-γ stimulation was 

observed in breast cancer cell lines. Thus, in order to constitute an in vitro 

model, genetically modification with recombinant CRAM-A gene for de novo 

expression was performed. Also, this in vitro model could be used for the 

determination whether CRAM-A binds the same ligands (CCL5, CCL19, and 

chemerin) arguably proposed for CRAM-B or mCCRL2. Indeed, in the 

literature, there is no or a few data on CRAM-A expression or functions. 
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Moreover, previous studies show controversy in the CCRL2-specific ligands, 

especially about CCL5 [46].  

In this study, human CRAM-A and CRAM-B coding DNA sequences 

were cloned into the eukaryotic expression vector pIRES2-EGFP. However, 

many cloning attempts were interfered by SNPs which were predicted to 

hamper protein expression and function. There are some studies in the 

literature indicating SNPs in CCRL2 gene, which is located in a polymorphic 

gene locus [124]. It was not unexpected to find many SNPs in our cloning 

experiments. In summary, either previously reported or novel SNPs were 

determined; however, we did not focus on these sequence variations. Upon 

functional computer-based prediction, SNPs that did not modulate protein 

functions were acceptable for further experiments. Thus, cloning of CCRL2 

isoforms were continued till the clones without deleterious SNPs were 

constructed.  

In order to express the recombinant constructs, HEK293T cells were 

used as hosts for transferring the CRAM-A or CRAM-B plasmids. It was 

important that these cells do not endogenously express CRAM-A or CRAM-

B. Also, to avoid interference with other CCRL2-related chemokines or 

chemokine receptors, it was important that these genes are not expressed in 

HEK293T cells. The only gene expressed in HEK293T cells was CCRL1 that 

can bind CCL19, but its expression level was low. We did not expect that the 

significance of our results be interfered by CCRL1, since empty vector-

transfected cells were used as the controls. Therefore, HEK293T cells were 

suitable for our experimental design. After the transfection of recombinant 

CRAM-A or CRAM-B constructs, CCRL2 surface protein expression was 

observed. Therefore, the recombinant constructs were efficiently transcribed, 

translated, and translocated to the cell surface. EGFP expression ratio in the 

control empty vector-transfected cells shows a higher expression than that of 

the recombinant CRAM-A/B-transfected cells. This observation was expected 
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because in the CRAM-A or CRAM-B recombinant plasmid-transfected cells 

two proteins (CCRL2 and EGFP) were being expressed. 

In order to examine the recombinant protein functionality and again 

functionally confirm the suitability of HEK293T cells as hosts, Ca2+ 

mobilization analysis was performed. As an atypical chemokine receptor 

CCRL2 should not induce Ca2+ mobilization in the presence of its ligands 

[125]. In the HEK293T cells transfected with recombinant CRAM-A or CRAM-

B constructs or with the empty control vector, CCRL2-specific chemokine 

ligands (CCL5, CCL19, and chemerin) did not induce Ca2+ flux. Therefore, 

neither CCRL2 nor any other molecules that might have been found on 

HEK293T cells possessed the capacity to transduce signals upon 

engagement with CCL5, CCL19, or chemerin. In other words, there was no 

canonical signal transducer receptor to bind these ligands. Overall, HEK293T 

cells were appropriate hosts for functional assays with successfully cloned 

and expressed recombinant CCRL2 variants. 

Galligan et al. suggested that CRAM-A or CRAM-B transfected 

HEK293 cells migrate chemotactically towards synovial fluid collected from 

rheumatoid arthritis patients. They stated that rheumatoid arthritis synovial 

fluid contains TNF, IL-1, IFN-γ, GM-CSF, CCL2, MIP-1, CCL5, CCL19, and 

complement proteins. They implied that CCRL2 plays a role in this migration. 

However, there might be some other signaling chemokine receptors on 

HEK293 cells, which were not determined in their study that could bind 

rheumatoid arthritis synovial fluid components, promoting their migration. 

Accordingly, Hartmann et al. reported that they could not reproduce the 

Galligan et al. results using CRAM-A or CRAM-B transfected HEK293 cells in 

the presence of rheumatoid arthritis synovial fluid from several patients [7]. 

There are not several different monoclonal anti-CCRL2 antibodies 

commercially available and there is no antibody clone that can discriminate 

between the two variants of CCRL2. Among them, we used the monoclonal 
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antibody mAb clone 152254, which can recognize the extracellular region of 

both CRAM-A and CRAM-B, but cannot discriminate between the two 

variants.   

The binding of ligands can cover the target epitope or change the 

conformation of the receptor; therefore, can interfere with the binding 

capacity/affinity of an antibody specific for that receptor. Thus, the binding 

capacity of mAb 152254 was assessed in the presence of CCRL2 cognate 

chemokine ligands in order to validate its usefulness in the current 

experimental setups. Upon the addition of the ligands, the decoy chemokine 

receptor can be rapidly internalized [126]. Therefore, we did this analysis at 

0°C to prevent receptor internalization. Since 0°C can make antibody binding 

difficult, we performed the antibody recognition assay in a 60 min time 

interval. CCL5 and chemerin minimally decreased antibody binding that 

might not interfere with the further experimental analyses. Presence of 

CCL19 did not affect antibody binding capacity. This may be due to the small 

size of CCL19 (8.8 kDa) in comparison with chemerin (16 kDa) that occupies 

more space upon receptor binding (Recombinant Human Proteins Certificate 

of Analysis, R&D, USA). Chemerin’s high affinity for CCRL2 blocks binding of 

some other clone of anti-CCRL2 mAb [43]. On the other hand, CCL5 is also a 

small (7.8 kDa) chemokine (Recombinant Human Proteins Certificate of 

Analysis, R&D, USA). 

In order to investigate ligand-receptor internalization and CCRL2 

surface expression change in the presence of ligands, recombinant protein-

transfected cells were incubated for different time periods to see in which 

time point internalization is more efficient. Recombinant protein ligands were 

added according to the effective dose (ED) factor recommended by the 

supplier (R&D, USA). 

Upon release from 0°C into 37°C, the level of CCRL2 was slightly 

increased and later decreased to normal levels in the control pCRAM-A-
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IRES2-EGFP-transfected HEK293T cells. This was not unexpected as the 

membrane trafficking of proteins was resustained quickly by restoring 37°C 

condition. Similar observations were previously reported in similar assay 

setups [43]. In order to exclude differential antibody recognition capacity in 

the presence of ligands, each experiment was normalized relative to its own 

control at 0°C. 

Since the presence of CCL5 gave similar results as with the change of 

CRAM-A surface levels in “no ligand control” group, our results supported the 

studies suggesting that CCL5 may not be a ligand that induces CCRL2 

(CRAM-A) internalization [8, 43]. In a study performed by Hartmann et al., 

CCL5 was identified with a capacity to bind CRAM-A or CRAM-B, it did not 

induce Ca2+ mobilization or cellular migration, but led to actin polymerization 

and ERK1/2 phosphorylation, which may indicate active translocation of the 

receptor from the cell surface. Therefore, these authors suggested CCL5 to 

be a specific ligand for CCRL2 [7]. But to date no study has been 

demonstrated a direct ligation between CCL5 and CCRL2. Several 

investigations have been done to identify CCRL2 ligands. CCRL2 was initially 

thought to activate chemotaxis and calcium flux in response to CCL2, CCL5, 

CCL7, and CCL8 or to bind CCL19 with no signaling [40, 42]. However, since 

other studies have not detected any CCRL2 functional activation by these 

chemokines, those results remain controversial [40]. Accordingly, the results 

of this thesis study, showed a slight binding and chemokine removal activity 

of CCL5 to CRAM-A. 

Upon binding CCL19, CRAM-A surface level showed a time 

dependent gradual decrease, suggesting that it is internalizing CCL19. The 

originality of our study is that we demonstrated this ability of CRAM-A, while 

other studies only state CCRL2 or CRAM-B [6, 8, 40]. 

Although previous studies might have suggested that CCRL2 

concentrates and presents its ligands without internalizing them, Leick et al. 
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demonstrated constitutive internalization of CCRL2 upon CCL19 binding. 

They showed that about 60% of the receptor internalized after only 5 min and 

almost the same amount replaced at the same time, keeping cell surface 

levels constant [8]. Accordingly, in our study, CCL19 had a higher capacity to 

induce internalization of CRAM-A and CRAM-A was efficiently removing 

CCL19 from extracellular milieu. Thus, through the controversial reports in 

the literature, our data support CCL19 as a specific ligand for CCRL2 (i.e. 

CRAM-A). 

In the presence of chemerin, CRAM-A surface level was initially down-

regulated but later tended to increase. This implies that chemerin can induce 

the internalization of CRAM-A, but later CRAM-A recirculates back to the cell 

surface. It was previously demonstrated both in mice and in human 

endothelial cells and mast cells that CCRL2 (CRAM-B) does not internalize 

chemerin, but instead binds and concentrates it on the cell surface to present 

chemerin to nearby cells expressing CMKLR1, chemerin’s canonical signal 

transducer receptor [41, 43, 127]. On the other hand, our results showed a 

transient down-regulation of CRAM-A levels upon engagement with the 

recombinant chemokine protein. Thus, this may indicate the recircularization 

capacity of chemerin-bound CRAM-A or may imply a reluctance of the 

receptor internalization upon chemerin ligation. Therefore, our data is distinct 

from Monnier et al. [41]. However, it needs to be more precisely assayed to 

show cellular trafficking of chemerin bound to CRAM-A. 

In order to investigate intracellular localization of the ligand-receptor 

pair after internalization, it is a feasible approach to generate fusion products 

with fluorescent properties, e.g. GFP. The cellular localization of the GFP-

hybrid recombinant protein, whether on the cell membrane, inside a vesicle 

after internalization, or again on the cell membrane after recirculation, can be 

directly analyzed. For this purpose, the hybrid protein’s GFP part should be 

very bright. In order to generate GFP-hybrid CRAM-A or CRAM-B proteins, 
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we used pcDNA3.1/CT-GFP eukaryotic expression vector. Unfortunately, 

both the flow cytometric and fluorescent microscopic results showed very low 

and dim GFP expression by CRAM-A/B-GFP hybrids and were not enough 

for intracellular localization experiments. This was not actually an unexpected 

problem. For example, the resultant hybrid protein from this cloning is a large 

protein that can be difficult to be functionally expressed due to translational 

and post-translational problems, and the protein stability and conformation 

may be imperfect [128]. 

In order to investigate chemokine removal capacity of CCRL2 and to 

further confirm CRAM-A receptor down-regulation, we used CRAM-A-

transfected HEK293T cells and BT-474 breast cancer cells. We investigated 

CCRL2 cognate chemokine ligands especially CCL5 and CCL19, which are 

very important in tumor immunology and breast cancer. The production of 

these chemokines in breast cancer microenvironment cells mediates the 

infiltration of NK cells, Th1 cells, and CTLs, commonly producing IFN-γ. They 

are the most important immune cells in the elimination phase of tumor 

immunology. Here, these CRAM-A-modified cells were initially incubated with 

the CCRL2 blocking antibody and ligands were added after a while. The 

isotypic antibody was not specific for CCRL2 and served as a control. 

Upon IFN-γ stimulation, CRAM-A was highly induced in MDA-MB-468 

and BT-474 breast cancer cell lines. Since CRAM-B is endogenously 

expressed in these cell lines, CRAM-B function on chemokine removal was 

simultaneously assayed. To examine the convenience of BT-474 cells for 

CRAM-A gene transfer and following functional analyses, CCRL2-related 

gene expression was also tested in BT-474 cells. Absence of CRAM-A and 

other genes except for CRAM-B and CCRL1 (as in HEK293T cells) was 

observed. Since we blocked CCRL2 with mAb 152254, CCRL1 expression 

was not expected to interfere with our analyses. Approximately, 15% of BT-

474 cells express CRAM-B and nearly five times more CCRL2 expression 
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was determined in BT-474 cells transfected with CRAM-A plasmid in 

comparison with untransfected or empty vector transfected BT-474 cells. 

Thus, with the transfection, CRAM-A became the dominant CCRL2 isotype in 

BT-474 cells. Similar to the results obtained with CRAM-A-expressing 

HEK293T cells, CCL19 was the chemokine efficiently removed by CCRL2 

(CRAM-A) from the culture media. In this way, the presence of CCRL2 in 

breast cancer, especially CRAM-A overexpression, can result in the efficient 

CCL19 removal from the tumor microenvironment.     

In a recent study, it was shown that IFN-γ-mediated Th responses 

constrained basal-like breast cancer cells to adopt a more immune 

suppressive character [122]. Also, the melanoma cells residing in close 

proximity to CD8+ T cells which are also capable of IFN-γ production [129] or 

the myeloid leukemia cells directly providing co-stimulatory signals for Th1 

responses [130] have been demonstrated to acquire PD-L1 and/or PD-L2 

positivity. Similar to melanoma and myeloid leukemia, it may be speculated 

that basal-like breast cancer cells can utilize an adaptive resistance 

mechanism that employs inhibitory signaling [122]. Similar to these studies, 

in our study, CRAM-A overexpression in different IFN-γ-stimulated breast 

cancer cells can also indicate an adaptation to IFN-γ-mediated signals to 

evade immunity.   

In the light of the current findings presented in this study, we propose 

that CRAM-A expression in breast cancer upon IFN-γ stimulation may 

constitute an immune modulatory mechanism. By functioning as an atypical 

chemokine receptor, CRAM-A, especially and efficiently internalizes CCL19 

(compared to CCL5). Accordingly, CCL5 might have pro-tumor functions 

such as mediating the infiltration of TAMs and formation of new blood vessels 

[131]. On the other hand, CCL19 down-regulation and reduction in its 

gradient in the breast tumor microenvironment can directly interfere with the 

infiltration of CCR7+ immune cells including CD4+ helper T lymphocytes, 
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CD8+ cytotoxic T lymphocytes (CTLs), and NK cells. Tumor cells can use this 

mechanism as a tactic to avoid further immune cell chemotaxis in response 

to initial IFN-γ-mediated anti-tumor immune responses. Therefore, IFN-γ-

induced CRAM-A expression in breast cancer may indicate an adaptive 

resistance mechanism to escape the anti-tumor immunity (Figure 5.1). 

 

   

Figure 5.1. Schematic presentation of the hypothesis proposed. NK cells, 

Th1, and cytotoxic lymphocytes migrate towards CCL19 gradient supplied by 

the breast tumors. IFN-γ, the common product of these immune cells, leads 

to the upregulation of CRAM-A in the breast tumor cells. This results in the 

CCL19 chemokine level reduction; therefore, hampering the infiltration of 

these anti-tumor effectors. 
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6. RESULTS AND RECOMMENDATIONS 

 

 CRAM-B gene expression was shown to be frequent and constitutive in 

immune cells and in certain breast cancer cell lines. 

 

 CRAM-A expression was upregulated or induced upon LPS and IFN-γ 

stimulation in PBMCs. 

 

 IFN-γ specifically upregulated CRAM-A expression in breast cancer cell 

lines, independent of their molecular subtypes. 

  

 Triple-negative breast cancer tissues showed higher CCRL2 expression 

than that of ER+ cancers. 

  

 Recombinant CRAM-A and CRAM-B genes were successfully cloned into 

bicistronic eukaryotic expression vector, and expressed de novo in 

HEK293T and BT-474 and MDA-MB-468 cells. 

 

 In CCRL2-transfected HEK293T cells, no Ca2+ mobilization was observed 

in the presence of CCRL2-specific ligands. 

 

 CRAM-A was specifically internalized in the presence of CCL19. 
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 CRAM-A was internalized and then showed a trend indicating a 

recirculation back to the cell surface in the presence of chemerin. 

 

 CRAM-A specifically removed CCL19 from the extracellular milieu. 

 

 Constitutive expression of both CRAM-A and CRAM-B on MDA-MB-231 

cells and CRAM-B in BT-474 cells were not associated with the 

expression of CCRL2-related genes (CCL5, CCL19, chemerin, CCRL1, 

DARC, D6, CMKLR1, GPR1, CCR1, CCR3, CCR4, CCR5, CCR7). 

 

 Receptor internalization and removal of CCL5 was not efficient in CRAM-

A-expressing HEK293T cells and BT-474 breast cancer cells. 

 

 Our results indicate a link between long isoform of CCRL2, CRAM-A, and 

the regulation of inflammatory response in breast cancer. 

 

 

 Other than IFN-γ and LPS, different pro-inflammatory mediators such as 

IL-1, IL-6, TNF-α, GM-CSF, MIP can be used to mimic inflammation in 

vitro in order to determine which CCRL2 variant will be preferentially 

expressed in different types of breast cancer cell lines. 

 

  The effect of CCRL2 upregulation on breast cancer cell survival, 

proliferation, invasion and metastasis can be analyzed. 
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 Especially, the change in CRAM-B expression after inflammatory 

stimulation can be quantified by real time PCR.  

 

 In order to correlate CCRL2 expression with sub-types of breast cancer, 

the number of breast cancer tissue samples from different breast cancer 

sub-types can be increased. 

 

 CCRL2 protein expression level can be determined in breast cancer cell 

lines. 

 

 The presence of CRAM-A and CRAM-B gene expression can be 

determined in fresh tumor tissues, in order to determine the dominant 

isoform. 

 

 SNPs’ effects on CCRL2 protein expression and function can be 

investigated. 

 

 For expression and functional analyses of CRAM-A and CRAM-B, specific 

antibodies can be generated and used that can distinguish between the 

two variants. 

 

 ELISA and chemokine removal assay for chemerin can be performed. 

 

 For intracellular localization analysis, GFP-hybrid plasmids can be 

reconstructed with another cloning strategy; or multicolor confocal 

microscopy should be performed.  
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Appendix 2. Results of DNA sequencing analyses. 

  

Appendix Figure 1. Results of DNA sequencing analysis for pCRAM-A-

IRES2-EGFP and pCRAM-B-IRES2-EGFP recombinant plasmids. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 

 

 

 

 

 

 



 

 
 
 
 
 
 
 

Appendix Figure 2. Results of DNA sequencing analysis for 

pcDNA3.1/CRAM-A-CT-GFP and pcDNA3.1/CRAM-B-CT-GFP recombinant 

plasmids. 
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