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Summary 

Various components of the immune system work together to defend us against 
invading pathogens. The complement system is a key part of the innate immunity. 
Recent studies in a human whole blood loop system indicated that complement 
activation and toll-like receptor (TLR)-9 stimulation interplay and without 
complement activation, TLR-9 induced immune activation doesn’t take place[1]. 
Reports by others, in murine models, have shown that TLRs and complement are 
tightly linked [2]. TLR-4 stimulation in a decay-accelerating factor (DAF) deficient 
mouse, with an “uncontrolled” complement system, results in synergistic effects on 
cytokine production [3]. Considering that dendritic cells (DCs) are a source of 
complement proteins [4], I set out to evaluate if cytosine-guanosine nucleotide (CpG) 
can induce the synthesis of complement proteins in DCs. This has been shown to 
happen when using lipopolysaccharides (LPS) stimuli [4].  

Thus, this project evaluated the capacity of CpG 2006 stimulate human 
monocyte-derived DCs to increase their production of complement proteins. The DCs 
used in this study were differentiated from blood monocytes using GM-CSF and IL-4. 
DCs stimulated with LPS, as a positive control, were used to compare the expression 
levels of complement factors after CpG stimuli. Levels of complement products were 
analyzed by PCR and ELISA. 

Results from my studies indicate that immature monocyte-derived DCs can enhance 
their production of complement proteins upon TLR-9 stimulation. As complement 
components mainly circulate with the blood in our body, DCs producing complement 
could potentially be a local source of complement factors at the site of CpG 2006 
injection, thus affecting the immune response.  

 

 

 

 

 

 

 

 

 - 1 -



Uppsala University                                                                    Min MA 

Index 

Complement and CpG, how do they interact? .......................................................... - 1 - 
Summary ........................................................................................................... - 1 - 
Introduction ....................................................................................................... - 3 - 

The innate and the adaptive immune system ............................................ - 3 - 
Complement system .................................................................................. - 4 - 
Dendritic cells ........................................................................................... - 5 - 
Complement and DCs ............................................................................... - 5 - 
Toll-like Receptors.................................................................................... - 6 - 
CpG ........................................................................................................... - 7 - 
CpG activation mechanisms ..................................................................... - 9 - 
Complement system and CpG ................................................................ - 10 - 
Lipopolysaccharides ............................................................................... - 11 - 
Enzyme-linked Immunosorbent Assay (ELISA) .................................... - 11 - 
Flow cytometry ....................................................................................... - 12 - 

Aim of the study.............................................................................................. - 13 - 
Result .............................................................................................................. - 14 - 

DCs phenotype ........................................................................................ - 14 - 
Complement mRNA expression ............................................................. - 15 - 
Complement protein production ............................................................. - 17 - 

Discussion ....................................................................................................... - 19 - 
Material and Methods ..................................................................................... - 20 - 

Reagents .................................................................................................. - 20 - 
Preparation and culture of cells ............................................................... - 21 - 
Flow Cytometry ...................................................................................... - 21 - 
RNA extraction ....................................................................................... - 21 - 
cDNA synthesis ...................................................................................... - 21 - 
PCR ......................................................................................................... - 22 - 
ELISA ..................................................................................................... - 22 - 

Reference ........................................................................................................ - 22 - 
Acknowledgments........................................................................................... - 27 - 

 

 

 

 

 

 

 

 

 - 2 -



Uppsala University                                                                    Min MA 

 

Introduction  

During the long evolution process, animals developed various defense mechanisms to 
protect themselves from infectious agents. Those mechanisms combined to establish a 
state of immunity against infections [5]. In1997, Yoshiaki and colleagues reported 
that both innate and antigen specific immunity could be activated by unmethylated 
cytosine-guanosine nucleotide (CpG) dinucleotides in bacterial DNA [6]. After that 
scientists started to investigate the immunostimulatory mechanisms of CpG and its 
application in the clinic. Recent advances in the toll-like receptor (TLR)/complement 
field show that CpG 2006 induced immune response interplay with the complement 
system [1]. Dendritic cells (DCs) were proven to be one source of complement 
production apart from the liver production [4]. In this project, I wanted to investigate 
how CpG 2006 mediates human monocyte-derived DCs in the complement 
production, such as factor (F) B, FD and complement component (C) 3 in vitro.   

The innate and the adaptive immune system 

The innate immune system is composed of the external barriers and a branch of 
humoral system. It recognizes and responds to the pathogens, work as the first 
protective barrier against infections. Once the pathogens enter our bodies, leukocytes, 
macrophages, DCs and neutrophils will be recruited and cooperate together to remove 
foreign invaders.  

Studies on Gnathosome lymphocytes suggested that the adaptive immune system was 
formed in early vertebrates [7]. Compared to the innate immune system, the adaptive 
immune system has large numbers of specific immune defense mechanisms to 
eliminate pathogens. Two major cell types of the adaptive immune system are B 
(bone-marrow-derived) lymphocytes and T (thymus-derived) lymphocytes. Both 
types of lymphocytes develop from stem cells in the bone marrow while T cells 
migrate and mature in the thymus. The adaptive immune system is highly adaptable. 
As T and B lymphocytes are characterized by somatic hypermutation and variable, 
diversity, joining recombination, they can generate a great number of different T cell 
receptors (TCR) and B cell receptors (BCR) for vast kinds of pathogens.  

The adaptive immune system can be triggered when pathogens evade innate immune 
system. Parts of the pathogen, such as proteins and nucleic acids can be recognized as 
antigen by DCs, B cells or macrophages. Those antigens can enter cells by 
endocytosis. Inside the cells big antigen structures will be cleaved into smaller parts. 
Then they can bind to major histocompatibility complex (MHC) class II to form MHC 
II–antigen complexes and move to the surface of cell. Now T helper (Th) cells are 
able to recognize the fragments and develop into T effector cells to help eliminate the 
pathogens or infected cells. Besides that, the adaptive immune system could develop 
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memory cells to clear the specific pathogens immediately in case the same infection 
happens again.  

Complement system  

The complement system was first discovered and described in the late 19th century [8, 
9]. Further studies indicated that the complement system belongs to the innate 
immune defense and is composed of about 30 proteins and glycoprotein factors. 
Generally, those factors are synthesized in the liver [10] and circulate with the blood 
as unactivated proproteins all over the body. The function of the complement system 
includes: a) as a part of host defense to clear pathogens; b) bridge innate and adaptive 
immune responses; c) disposal of immune complexes and apoptotic cells; d) tissue 
regeneration and maintenance of tolerance. Complement activation includes lots of 
biochemical cascade reactions that eventually result in the formation of the membrane 
attack complex (MAC) and cell lysis. Complement activation normally occurs 
through three different pathways: the classical pathway, the lectin pathway and the 
alternative pathway (Figure 1). 
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Figure 1: Complement activation pathways. The complement system can be activated by the 
classical pathway, lectin pathway or the alternative pathway. The initiation signals are different in 
each pathway, but they all result in the lysis of the microorganism. 

In the classical pathway, the interaction between the C1 complex (one molecule of 
C1q, two molecules of C1s and C1r) and the antigen-antibody complex induce C1q 
conformational changes. This activates C1r and C1s and split C2 and C4 into C4a, 
C4b, C2a and C2b. C4b and C2a combine to form the C3-convertase, which cleaves 
C3 into two parts: C3a and C3b. C3b and C4b2a form the C5-convertase. This 
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convertase split C5 into C5a and C5b. C5b together with C6, C7, C8 and C9 form the 
MAC and leads to cell lysis. Immune complexes, apoptotic cells, some viruses and 
gram-negative bacteria initiate complement activation through the classical pathway. 
In addition, it could also be activated when C-reactive protein binds to its ligand.   

Similar to the classical pathway, microorganisms with mannose terminal groups can 
activate complement system without C1 complex. Mannose-binding lectin (MBL) or 
ficolins bound to mannose residues on the pathogen surface can activate 
MBL-associated serine protease-1 (MASP-1) and 2 (MASP-2). The complex splits C4 
and C2 into C4a, C4b, C2a and C2b. The C3-convertase is then formed and the later 
reactions are the same as in the classical pathway.  

The C3 factor is unstable and can spontaneously hydrolyze into C3a and C3b to 
activate the alternative pathway. C3b can bind to the pathogen surfaces when they are 
in close proximity and form a covalent bond. C3b-pathogen complex together with 
FD can cleave FB into Ba and Bb. Bb then binds to C3b to make up C3bBb and 
C3bBb3b which is the C3- and C5-convertase of the alternative pathway. As in the 
classical pathway, MAC punches wholes in cell surface which lead to cell lysis. Many 
bacteria, fungi, viruses and tumor cells initiate complement activation through the 
alternative pathway.  

As the complement system lyses cells in an extremely effective way, it can also 
destroy host tissue. So regulation of complement activation is crucial for the function 
of the immune system. Earlier studies indicated that factors such as FH, FI, 
complement receptor (CR) 1, CD55 and CD59 can regulate complement activation 
[11].  

Dendritic cells  

DCs were first discovered in 1937. They belong to the innate immune system and are 
the main part of the antigen presenting cells (APCs). As an important link between 
innate and adaptive immunity, DCs are developed from hematopoietic stem cells and 
lymphocytic precursor cells. After migration with blood, they could be classified into 
myeloid DCs (mDCs), lymphoid DCs and plasmacytoid DCs (pDCs).  

Normally, there are few DCs in the blood, and for a long time it was hard to acquire 
enough cells for research. In the 1990s, scientists developed a method to gain larger 
population of DCs for research. IL-4 and granulocyte monocyte colony stimulating 
factor (GM-CSF) were used to stimulate human monocytes into APCs. By 
GM-CSF/IL-4 stimulation, monocyte-derived DCs arise and can be characterized by 
different markers. Cell surface markers like CD80, CD83 and CD86 increase during 
the maturation of the DCs, while monocyte marker CD14 disappears.  

Complement and DCs 
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Studies on immune tolerance and autoimmunity revealed a strong link between the 
complement system and DCs [11]. Recent advances in complement research indicate 
that human monocyte-derived DCs can produce C3, C5, C9, FI, FH, FB, FD and 
properdin complement factors. Other than that, complement receptors discovered on 
the surface of the DCs indicate that complement and DCs might tightly interact with 
each other. Receptors for C1, C3, C4 and C5 have been reported and suggested to 
affect DC migration, maturation and function [13-20]. 

Researches on systemic lupus erythematosus (SLE) indicated the role of C1q in 
facilitating clearance of apoptotic cells and maintaining immune tolerance by DCs 
[21- 23]. Others reported that C1q could activate and mature human 
monocyte-derived DCs in vitro [24]. 

Investigation of C3-deficient patients discovered that their DCs had a lower 
expression of HLA-DR, CD1a, CD80 and CD86 on the surface, indicating that C3 
affects the function of DCs [20]. Soruri and colleagues showed that C3 play an 
important role in attracting DCs to the inflammation sites [13]. Moreover, C3 and 
C3R signaling pathways were able to promote the interaction and communication 
between T cells and DCs [25, 26].  

C5a/C5aR was first reported to regulate DCs migration and differentiation [27]. Later, 
researches indicated that it played an important role to maintain immune tolerance. 
However, the mechanisms of C5a/C5aR signaling are still unclear [28].  

Toll-like Receptors 

The innate immune system consists of pattern-recognition receptors that can detect 
ligands with specific structures. TLRs are able to recognize conserved structures both 
in microorganisms and in the host. In 1994, Nomura and colleagues described the first 
human TLR, since then 10 kinds of TLRs have been described in human [29, 30]. 
TLR function involves cytokine production and immune cells activation. But recent 
studies of the TLRs on tumors suggest that TLR expression on tumor cells had 
functions in both enhancing and suppressing the tumor growth [31]. TLR can be 
classified based on localization and function (Table 1). 
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Table 1: TLR receptors in human  

Receptor  Receptor 
location 

Ligand Ligand 
location 

Cell types 

TLR-1 Cell surface 
Lipopeptides Bacteria Monocytes/macrophages, DCs, 

B cells 

TLR-2 Cell surface 
Glycoloipids 
Lipopeptides 
HSP 70 

Baceria  
Host cells 
Fungi 

Monocytes/macrophages, 
mDCs, mast cells  

TLR-3 Cell 
compartment 

ds RNA 
Poly I:C 

Viruses DCs, B cells 

TLR-4 Cell surface 
Lipopolysaccaride 
HSPs 
Fibrinogen 

Bacteria  
Host cells 

Monocytes/macrophages, 
mDC, mast cells, intestinal 
epithelium 

TLR-5 Cell surface 
Flagellin Bacteria Monocytes/macrophages, DCs, 

intestinal epithelium  

TLR-6 Cell surface 
Diacyl- 
lipopeptides 

Mycoplasma Monocytes/macrophages, 
Mast cells, B cells 

TLR-7 Cell 
compartment 

Imidazoquinoline 
Loxoribine 
ssDNA 

Small 
synthetic 
compounds 

Monocytes/macrophages, 
pDCs, 
B cells  

TLR-8 Cell 
compartment 

Small compounds 
ssRNA 

 Monocytes/macrophages, 
DCs, mast cells 

TLR-9 Cell 
compartment 

Unmethylated- 
CpG 
ODN DNA 

Bacteria  Monocytes/macrophages,  
pDCs, 
B cells  

TLR-10 Cell surface 
Unknown Unknown Monocytes/macrophages,  

B cells  

CpG 

Early in the 1890s, William Coley used bacterial cell lysate in the treatment of cancer 
[32]. Then bacillus Calmette Guerin (BCG) was discovered and was introduced in 
clinical trials [33]. Later, investigators proved immunostimulatory effects of CpG 
stimulation using synthetic CpG oligodeoxynucleotides (ODN) [34, 35]. Considering 
that vertebrate DNA contains lots of unmethylated CpG motifs in the genome, those 
CpG motifs might be able to stimulate immune responses. Later studies on vertebrate 
DNA sequences indicated that they were nonstimulatory [34-36]. Genomic sequence 
analyses revealed that vertebrate CpG motifs are different from bacterial. Seventy 
percent of CpG in the animal genome have methylated cytosines but unmethylated 
CpG dinucleotides are not frequent. The most common form of unmethylated CpG is 
C-CpG-G [37, 38].  
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CpG classification 

As reported earlier, CpG DNA can be recognized by B cells, DCs and 
monocytes/macrophages as danger signals [39]. Figure 2 shows four classes of CpG 
that have different immunostimulatory effects on B cells and pDCs. Krieg et al tested 
CpG ODN and classified them based on their backbone structures and 
immunostimulatory effects [36, 37, and 39].  

pDC B
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IFNa
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IL12

IL2

T cell activation, NK cell,
monocyte, neutrophils 

activation

Ab production

Plasma Cell 
Differentiation

IL6

IL10

A-class

B-class
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Figure 2: CpG classification based on sequence structure and function. Class A CpG strongly 
activates pDCs and B cells, and interferon (IFN)-α expression. Class B CpG has very strong 
effects on B cell proliferation and to a minor degree on pDCs to express costimulatory factors and 
IFN-α. Class C CpG can stimulate B cells and IFN-α secretion. Tests on class P CpG showed that 
this highly ordered CpG ODN could strongly increase IFN secretion.  

Class A CpG was first described by Krug et al in 2001 [36]. ODN 2216 is one 
example in class A ODN. Class A ODN has poly-G regions in both 3’ and 5’ ends. 
Nucleotides between the two ends are phosphorothioate (PS) modified to stabilize the 
nucleotides while CpG motifs in the center are phosphodieste (PO) [39]. 

Class B CpG was first described by Krieg et al in 1995 [40]. Compared to class A 
CpG, class B CpG has a complete PS-modified backbone and several CpG motifs and 
no poly-G in the ends. Most ODN contain one to five CpG motifs and studies have 
demonstrated that additional CpG motifs do not increase the ODN effect [39].  

Class C CpG was first characterized by Krieg et al in 2004 [37]. CpG ODN 2395 is 
one example of class C ODN. Like class B CpG, they have complete PS-modified 
backbone and one to five CpG motifs. Class C CpG has self-complementary 
palindrome sequence which can form duplex or hairpin secondary structure [39]. 
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Palindromic sequences can help to form secondary structures and studies indicated 
that palindromes could directly activate NK cells [39]. Secondary structures improve 
the characteristics of how CpG works as an immune stimulator, for example uptake 
and intracellular localization. Thus, scientists tried to modify class B CpG ODN by 
introducing palindromic sequences and named the new developed double palindromic 
CpG ODN as class P [38]. Class P CpG forms hairpins at both 3’ and 5’ ends.  

CpG 2006 

CpG 2006, also called CpG 7909 or PF-3512676, was developed in 2000 and belongs 
to the class B CpG ODN [41]. Lots of data from animal models using CpG 2006 show 
that it could be a potential adjuvant and immunotherapy candidate [42]. I focused on 
the CpG 2006 in this project. 

CpG activation mechanisms 

Innate immune cells lack highly specific receptors, instead they have pattern 
recognition receptors (PRRs) to distinguish the foreign molecule structures from self 
cells [43]. ODN containing unmethylated CpG motifs activate innate and adaptive 
defense responses through various signaling pathways and involve most kinds of 
immune cells [39], so CpG ODN is considered to be a pathogen-associated molecular 
pattern (PAMP). CpG PAMP could be recognized as foreign molecules by the PRRs 
in the innate immune responses and trigger the protective immune reaction to remove 
it. Studies on cellular immunology of CpG indicated that CpG ODN induced 
Th1-type of immune response [39]. Besides the direct activation of B cells and pDCs 
via TLR-9, CpG could affect other immune cells but the mechanisms are still unclear 
[44-46]. Scientists also tried to find out whether nonimmune cells could express 
TLR-9, but until now no other cell types have been reported [39].  

In 2002, Hemmi et al reported that TLR-9 could recognize bacterial CpG DNA 
sequence and signal to activate cytokine and IFN expression [47]. Later Vollmer et al. 
used TLR-9-/- murine splenocytes to check A-, B- and C-class ODN immune 
activation effects based on the presence of TRL-9 [37]. While the study of CpG ODN 
uptake by cells indicated that cells have more than one pathway for uptake [40], the 
role of TLR-9 in the CpG uptake is unclear. Figure 3 shows how CpG ODN activation 
of innate and adaptive immune response by TLR-9 signaling [42]. 
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Figure 3: CpG ODN activates innate and adaptive immune responses by TLR-9 signaling. TLR-9 
is constitutively expressed intracellular by B cells and pDCs in the immune system. CpG ODN 
will bind to TLR-9 by chance and following the unmethylated motifs stimulate TLR-9. Once the 
CpG ODN is recognized by TLR-9, the cells become activated. Activated B cells differentiate into 
antibody-secreting plasma cells and produce more cytokines such as IL-6 and IL-10. Activated 
pDCs will upregulate IFN-γ secretion, which activates NK cells, monocytes, and APCs. pDCs 
matured by CpG ODN will be more effective at naïve T cell activation [42]. On the other hand, 
CpG ODN stimulation will induce the expression of immune suppressive factors 2, 3-dioxygenase 
(IDO+), which contributes to T regulatory generation and immune suppression. 

Complement system and CpG 

Earlier studies showed that CpG could activate the complement system through 
different pathways. CpG 2006 has been reported to bind to antigen-antibody complex 
and MBL, thus activating the classical and lectin pathways. Other experiments 
indicated that CpG 2006 together with properdin could activate the complement via 
the alternative pathway (Figure 4) [1]. 
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Figure 4: CpG activates the complement system via the alternative pathway. Properdin (P) binds 
to the CpG 2006 to stabilize its structure and function. Complexes of properdin and CpG 2006 
trigger C3 to split into C3a and C3b, leading to C3a and C5a release. C3b together with CpG 2006 
activates DCs, thus complement system activated via the alternative pathway. 

This study also revealed that CpG 2006 affected immune responses by C3, thus the 
inhibition of C3 leads to loss of all CpG responses. Further investigation of cytokine 
expression indicated that CpG 2006 induced cytokine upregulation based on C3 and 
C5 [1].  

Lipopolysaccharides 

Lipopolysaccharides (LPS) are large biomolecules composing the outer membrane of 
gram-negative bacteria. It contributes greatly to the structural integrity and protects 
the microorganism from the outer environment. LPS is known as an endotoxin and 
can induce a strong immune response, through the binding of CD14, TLR-4 and MD2 
receptors and can thereby promote cytokine production, especially in macrophages. 
Besides that, LPS can induce fever by acting as an exogenous pyrogen. Treatment of 
DCs with LPS was proven to promote the mRNA level of some complement factors 
such as C3 and FI while C9, FH, FB, FD and properdin were not [4]. 

Enzyme-linked immunosorbent assay (ELISA) 
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ELISA is widely used as a biochemical technique to detect the presence of certain 
kinds of antigens or antibodies. Figure 5 shows the simple principles of the ELISA: 
first, antibodies were coated on to the bottom of a 96-well plate. Next antigens in the 
sample were caught by the immobilized antibodies. Then an enzyme-conjugated 
antibody is added and will bind to the immobilized antigen-antibody complex. Finally, 
a substrate for the enzyme is added which will convert a possible signal into a color 
that can be quantified by absorbance measurements. There are many types of ELISA 
used to detect various kinds of antigens which broaden the application of this method. 
Widely used ELISA methods includes: indirect ELISA, sandwich ELISA, competitive 
ELISA and reverse ELISA.  

Coating

Blocking Sampling

Detection
antibody
added

Substrate
added

Detected
Signal

 

Figure 5: Principles for sandwich ELISA 

I used sandwich ELISA to detect the C3 production in the cell culture supernatants.  

Flow cytometry 

Flow cytometry is widely used in research and the clinic to analyze cells. Cells were 
stained with fluorescence-conjugated antibodies for different surface markers and 
suspended in solution before analysis. When the suspended cells run through the 
scatters one by one, fluorescence stained on the surface could be excited by the light 
offered by the machine and emitting signal light with certain wavelengths. Detectors 
will pick up the signals and collect for later analysis. This kind of analysis can give 
some characteristics about the cells. Fluorescence-activated cell sorting is one kind of 
flow cytometry used to separate cells of interest. Based on the specific fluorescent 
characteristics of each cell, cells with certain markers can be separated from the 
mixture. As more and more lasers are put in the FACS machine, much wider choices 
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of fluorescence labels are available right now. In this project, I used antibodies 
conjugated with fluorescein isothiocyanate (FITC), phycoerythrin (PE) and 
allophycocyanin (APC) to analyze immature DCs. 

Aim of the study 

This project aimed at evaluating if CpG 2006, the oligo which is in clinical trials now, 
can induce human DCs to increase their production of complement proteins, including 
FB, FD and C3. During the study, I used GM-CSF/IL-4 induced human 
monocyte-derived DCs and compared the levels of complement proteins after CpG 
stimuli to DCs stimulated with LPS as a positive control. Levels of complement 
products were analyzed on mRNA and protein levels using PCR and ELISA. 
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Result 

DCs phenotype 

Flow cytometry was used to characterize DCs phenotypes. As shown in Figure 6, DCs 
were CD14 negative, which is a marker for monocytes and macrophages. DC specific 
markers like CD86, CD80, CD83 and HLA-DR were expressed on the cell surface. 
HLA-A, B, C are expressed by all human cells. 
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Figure 6: Phenotypic characteristics of monocyte-derived DCs. Expressions of the cell surface 
marker: HLA-ABC, HLA-DR, CD14, CD40, CD54, CD80, CD83 and CD86 after 7-day culture 
with GM-CSF/IL-4. Black color means negative control.  

Complement mRNA expression 

Analysis of the complement mRNA expression levels in DCs by PCR showed that 
CpG 2006 increased C3 mRNA expression in immature DCs (Figure 7). LPS could 
increase the C3 factor expression within 48 hours, and was used as a positive control. 
Compared to the PBS negative control, CpG 2006 increased the mRNA expression of 
C3. Higher concentration CpG 2006 had stronger stimulatory effects. 

 

 

 - 15 -



Uppsala University                                                                    Min MA 

 

C3

GAPDH

LPS  CpG60  CpG 6   PBS

 

Figure 7: Complement C3 mRNA expression in immature DCs. Total RNA was isolated from 
immature dendritic cells after treatment with LPS (1 μg/ml), CpG 6 (6 μg/ml) or CpG 60 (60 
μg/ml). PBS was used as negative control. GAPDH was used as a control of mRNA expression in 
the cells. Similar results were obtained in three other independent experiments using blood cells 
from three different healthy adult donors.  

Mature DCs were analyzed as described earlier. Immature DCs were matured for 2 
days using LPS (1 μg/ml) before stimulated with CpG or LPS. As shown in figure 9, 
we did not see much difference in C3 mRNA level after LPS or CpG 2006 
stimulation.  

LPS CpG60      CpG6 PBS

GAPDH

Factor B

C3

 

Figure 8: Complement Factor B mRNA expression in mature DCs. Total RNA was isolated from 
mature DCs after treatment with LPS (1 μg/ml), CpG6 (6 μg/ml), CpG60 (60 μg/ml) or PBS. 
GAPDH was used as a control of mRNA expression in the cells. Similar results were obtained in 
three independent experiments using blood cells from three different healthy adult donors. 

Both mature and immature DCs can synthesize factor B and mRNA expression levels 
can be detected by PCR. Results showed that mRNA expression of FB did not change 
much after LPS and CpG 2006 stimulation (Figure 8 and 9).  
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Figure 9: Complement Factor B and C3 mRNA expression in immature DCs. Total RNA were 
isolated from immature dendritic cells after treatment with LPS (1 μg/ml), CpG6 (6 μg/ml), 
CpG60 (60 μg/ml). PBS was used as negative control. GAPDH was used as a control of mRNA 
expression in the cells. Similar results were obtained in three other independent experiments using 
blood cells from three different healthy adult donors. 

We also tried to measure FD mRNA expression, but its expressions was too low to be 
detected.  

Complement protein production  

C3 complement protein secretion levels were evaluated in immature and mature DCs 
supernatant by ELISA. Monocyte-derived DCs from different donors were used and 
all experiments obtained similar results. Figure 10 show C3 secretion levels in 
immature DCs supernatants. DCs were cultured in medium without presence of 
human C3. From the ELISA results, it was demonstrated that C3 production increased 
after CpG 2006 and LPS treatment compared to the PBS treatment in immature DCs. 
Mature DCs did not produce different C3 levels after stimulation with LPS or CpG 
2006 compared to PBS (Figure 11).  
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Figure 10: After 48 hours stimulation, complement C3 protein production in supernatant by 
immature DCs. Supernatants were collected from immature DCs after treatment with LPS (1 
μg/ml), CpG6 (6 μg/ml), CpG60 (60 μg/ml) or PBS. Results from two individual experiments are 
shown in the figure.  

 

Figure 11: After 48 hours stimulation ,complement C3 protein production in supernatant by 
mature DCs. Supernatants were collected from mature DCs after treatment with LPS (1 μg/ml), 
CpG6 (6 μg/ml), CpG60 (60 μg/ml) or PBS. Results from two individual experiments are shown 
in the figure.  
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Discussion  

As reviewed above, CpG can mediate immune response when C3 factor exist. The 
capacity of CpG 2006 as immunostimulatory agent has been proven [39]. However, 
how CpG interact with complement is unknown. This project aimed to investigate if 
the CpG 2006 can induce complement production in human monocyte-derived DCs. 

In this study, a concentration of 60 μg/ml CpG was added to the DC medium to 
mimic the amount used in the clinic CpG therapy for local injections of CpG. Around 
the injection site, immune cells can be exposed to a microenvironment with an 
extremely high CpG concentration. Our results showed that compared to the positive 
control LPS, immature DCs can be triggered by CpG 2006, and C3 mRNA expression 
was upregulated. However, no differences in FB mRNA expressions were found by 
CpG stimulation. We also showed that C3 protein, secreted by the immature DCs, 
increased after CpG and LPS treatment. Immature DCs can be matured by 48 hours of 
LPS exposure. When mature DCs were stimulated with CpG or LPS, there was no 
change in C3 expression neither on mRNA nor protein level. So we might conclude 
that mature DCs cannot be stimulated by the CpG 2006, or the LPS maturation 
process exhausted the C3 expression. C3 is essential to the CpG 2006 mediated 
immune response. In the alternative pathway activation, the upregulated expression of 
C3 support the idea that C3 might interact with CpG 2006 and play an important role 
in immune activation.  

Most of the complement factors are circulating in the blood over the whole body. 
Considering that 2% of the cells under the skin and mucosa are DCs [48], 
complement produced by DCs might influence the local concentration in the 
microenvironment but not in the blood. When CpG 2006 is recognized by TLR-9 in 
pDCs, the cells become activated and will produce more C3. C3 together with other 
complement factors can further induce a local immune reaction, which will attract 
more DCs to produce complement factors at the specific site.  

Our results also showed that mature DCs are not stimulated by CpG 2006 in the same 
way as immature DCs. The mature DCs seem to lose their ability to recognize and 
response to CpG 2006. Previous studies speculated that TLR expression changed 
during the maturation of DCs. As TLR-9 expression might change the 
immunostimulatory effects of CpG 2006 on DCs.  

The mRNA and protein expression levels of C3 were analyzed by PCR and ELISA. 
The results did not show a very strict correlation between mRNA and protein. This 
difference might be due to the complicated regulation in transcriptional level and 
protein translation level. The complement secretion also can be regulated by the cell. 
Other factors during the PCR and ELISA, for example, primer and/or antibody 
efficiency might contribute to the difference. 

In conclusion, our results indicate that CpG 2006 can activate immature DC for C3 
expression. After CpG 2006 stimulation, C3 expression was upregulated. In addition, 
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higher CpG 2006 stimulation induced higher C3 expression. This further supports the 
CpG 2006 activated complement production. Thus, CpG 2006 could mediate immune 
response by regulating the expression of C3 rather than FB or FD.  

Material and Methods 

Reagents 

Culture medium: Primary cells were maintained in RPMI 1640 (Invitrogen) medium 
supplemented with 1% pooled normal human AB serum (Uppsala University Hospital 
Blood Center), 10 mmol/l N-2-hydroxyethypiperazine-N’-2-ethanesulfonic acid 
(HEPES), 1 mmol/l L-Glutamine, 20 μmol/l β2-mercaptoethanol, 100 U/ml penicillin 
and 100 U/ml streptomycin (Invitrogen). Cells were cultured in a 37 ℃, 5% CO2 

humidified incubator. For protein measurements, human serum was used during the 
differentiation into immature DCs, but during the LPS or CpG treatments 1% fetal 
calf serum (FBS) was used (Invitrogen). Bovine serum albumin (BSA) was purchased 
from Sigma. Fluorescent-labeled monoclonal antibodies against human CD14, CD40, 
CD80, CD83, CD54, CD86, HLA-A, B, C and HLA-DR were used to stain the cell 
surface receptors before FACS analysis (Table 2). Antibodies used for ELISA: 
Rabbit-anti Human C3c antibody and Rabbit-anti Human C3c-HRP were purchased 
from DAKO, Denmark (Table 3).  

Table 2: Antibodies used in FACS staining 

Name of the antibody  Clone Cat.No Company Lot. No 

FITC anti human CD14 HCD14 325604 Biolegend B1148882 

FITC anti human CD40 HB14 313004 Biolegend B115841 

APC anti-human CD54 HCD54 559771 PharmingenTM 0000067347 

PE anti-human CD80 2D10 305208 Biolegend B110943 

PE anti-human CD83 HB15e 305308 Biolegend B100861 

APC anti-human CD86 B70/B7-2 555660 Pharmingen M066753 

FITC anti human HLA-A,B,C W6/32  555552 PharmingenTM  24231 

Anti HLA-DR PE L243 347367 BD 36914 

MultiMixTM Dual-color Control Reagent 
MouseIgG1/FITC 

MouseIgG1/RPE 

DAK-GO1 X0932 Dako  00038883 

APC Mouse IgG κIsotype Control (FC) MOPC-21 400122 Biolegend B116107 
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Table 3: Antibodies used in ELISA 

Name of the antibody Dilution REF Configuration Company Lot. No 

Ka-anti-Hu C3c 1:3000 A0062 Ig fraction DAKO Ch-B 0561501 

ka-anti Hu C3c-HRP  1:500 P0213 HRP Ig fraction DAKO 00003210  

Recombinant human IL-4 and GM-CSF (GENTAUR) were purchased from 
GENTAUR, Belgium. LPS from Escherichia coli 0111:B4 used as a positive control 
was purchased from Sigma. CpG 2006 PS (5’-TCG TCG TTT TGT CGT TTT GTC 
GTT-3’) were purchased from Cybergene.  

Preparation and culture of cells 

Fresh buffy coats were obtained from healthy donors from the university hospital 
blood center. PBS diluted blood was carefully added on a Ficoll-Paque (GE 
Healthcare) gradient and centrifuged. PBMCs were resuspended in 80 ml RPMI 1640 
culture medium and divided into four T-75 flasks (Corning) and cultured in 37 ℃ for 
90 minutes. Adherent cells (approximately 1,000,000 cells/ml culture media) were 
collected and cultured with GM-CSF/IL-4 supplemented (50 ng/ml and 25 ng/ml 
respectively) media for six to seven days.  

Flow cytometry 

The differentiation of monocyte into immature DCs took six to seven days and this 
was checked using different cell surface markers. Cells were harvested and incubated 
with different antibodies for 10 minutes. After washing away the unbound antibodies, 
cells were analyzed by FACSCalibur flow cytometry (BD Bioscience). Cell surface 
markers used were CD14, CD 40, CD 54, CD80, CD83, CD86, HLA-A, B, C, 
HLA-DR and isotype-control of FITC, PE, APC. All the data was analyzed by 
CellQuest and FAC3 software.  

RNA extraction 

After 2 days treatment, immature and mature DCs stimulated with CpG, PBS or LPS 
were collected in lysis buffer and homogenized before store in -80 ℃. Total RNA 
was isolated using RNeasy Mini Kit (QIAGEN) according to the manufacturer’s 
protocol. Genomic DNA was removed by using RNase-Free DNase Set (QIAGEN). 
RNA concentration was measured by NanoDrop. The quality of the RNA was 
checked by electrophoresis. 

cDNA synthesis  
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One thousand ng of RNA was used to synthesize cDNA. Oligo dT (Invitrogen), 
RNase Out inhibitor (Invitrogen), and Superscript II reverse transcriptase (Invitrogen) 
were used according to the manufacturer’s instruction.   

PCR 

PCR was carried out with 1 ul of cDNA products and was amplified by 40 cycles in 
the presence of specific primers (Table 4). No amplification was detected in no 
template controls. Normal mRNA expression level was detected by 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) which is constitutively 
expressed in cells. No genomic DNA was amplified after the PCR.  

Table 4: Primers used in the PCR 

cDNA  Primers Sequence (5’-3’) Annealing  

temperature 

Amplified fragment (bp) 

C3 3059F* 

4038R* 

GCTGAAGCACCTCATTGTGA 

CCTTGGTCTCTTCTGATCGC 

55 ℃ 980 

FB 201F 

422R 

CACCACTCCATGGTCTTGGC 

CACTCTACCTTCCTGACAGTC 

54 ℃ 222 

FD 143F 

530R 

ATGGCGTCGGTGCAGCTGAA 

TCCAGCACTGGCAAGAGCAC 

56 ℃ 407 

GAPDH 2F 

320R 

TCTCTGCTCCTCCTGTTCGAC 

GGATCTCGCTCCTGGAAGAG 

50 ℃ 319 

* Numbers refer to the nucleotide position in cDNA, F-forward, R-reverse.  

ELISA 

Supernatants from DCs after 2 days treatment with PBS, CpG or LPS were analyzed 
by ELISA. Medium with 1%FBS was used as negative control. All the supernatants 
were diluted in dilution buffer which contains 0.05% Tween 20 (Invitrogen) and 1% 
BSA (Invitrogen). The antibody reacts with human C3c complement as well as the 
C3c part of C3 and C3b. A 96-well plate was coated with rabbit-anti human C3c and 
incubated at 4 ℃ overnight. Immobilized the antibodies on the surface and added the 
diluted samples and secondary antibodies follow the instruction. After 5 minute 
reactions with TMB (DAKO), the reaction was stopped by adding 1 M H2SO4. A 
standard curve was made using normal human serum. The absorbance was measured 
at 450 nm by Multiskan RC V1.5-0 (Reader serial No. ER3) and the data analyzed by 
DeltaSoft JV version 1.60. 

Statistical analysis 
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The differences in C3 secretion between stimulates were compared using unpaired t 
test. ELISA results were analyzed by Graph Pad Prism software 
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