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Abstract

The complement system consists of a collection of serum proteins, which act as the main frontline 

effector arm of the innate immune system. Activation of complement can occur through the 

individual induction pathways: the classical, mannose-binding lectin, and alternative pathways. 

Activation results in opsonization, recruitment of effector cells through potent immune mediators 

known as anaphylatoxins, and cell lysis via the formation of the membrane attack complex 

(MAC). Stringent regulation of complement is required to protect against the inappropriate 

activation of the complement cascade. Complement activation within the tumor microenvironment 

does not increase anti-tumoral action, instead it enhances tumor growth and disease progression. 

Radiation therapy (RT) is a staple in treatment of malignancies and controls tumor growth through 

direct DNA damage and the influx of immune cells, reshaping the makeup of the TME. The 

relationship between RT and complement activity in the TME is uncertain at best. The following 

review will focus on the complex interaction of complement activation and the immune 

modulating effects of RT, and the overall effect on tumor progression. The clinical implications of 

complement activation in cancer, and the use of therapeutics and potential biomarkers will also be 

covered.

Introduction

The complement system is a large collection of proteins which function as an arm of the 

innate immune system and first line of defense against invading microorganisms. It is made 

up of a tightly regulated network of plasma proteins, which function in triggering 

opsonization and phagocytosis, cell lysis, and inducing an effective immune response to 

assist in fighting invading pathogens [1][2]. Activation of complement leads to a cascade of 

enzymatic reactions, forming highly efficient immune mediators known as anaphylatoxins 

and ultimately culminates in the formation of a protein complex known as the membrane 

attack complex (MAC).
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The complement system, and its role in mitigating infections caused by invasive pathogens 

is an extensively studied topic. The role of complement in cancer and its implications in 

tumor progression, on the other hand, is extraordinarily complex and the current 

understanding is still far from complete [3][4]. Due to its essential role in inflammation, it 

was originally suspected to have an equivalent role in the immune response against cancer 

[3]. Newfound knowledge, however, has debunked this thinking as more was discovered 

about the complex interplay during tumor pathogenesis, and increasing amount of evidence 

points to complement activation promoting tumor growth, rather than suppressing it [2][4]. 

Complement activation in tumors has been implicated in the influx of immunosuppressive 

cells, decreased production of inflammatory cytokines, and responsibility for early 

epithelial-mesenchymal transition (EMT) and metastasis of cancer cells [4]. Complement 

degradation products are commonly found in many tumors, indicating local activation of the 

complement cascade does not lead to direct tumor cell killing [5].

The effect of radiation therapy (RT), a mainstay treatment for cancer, and its impact on the 

function of the complement system is an understudied concept and will be the focus of this 

review. Through direct DNA damage causing tumor cell death and induced immunological 

changes via secreted danger signals and cytokines, RT reshapes the tumor microenvironment 

(TME) to allow for greater treatment efficacy and tumor control [6][7]. The intention of this 

review is not to act as an all-encompassing, comprehensive review of radiation induced 

immunogenicity, nor the multifaceted role complement plays in tumorigenesis. Rather, the 

focus is to examine the intersection of radiation and its effect on complement within the 

TME, as this is a topic that is largely understudied and the few studies that have explored 

RT’s effect on complement activation have provided contradictory results.

The Complement System

Complement activation can be induced through three distinct pathways: classical, 

alternative, and mannose binding lectin. While activated through different means, all three 

pathways converge at the molecule C3 and share the final steps of the pathway. An overview 

of complement induction pathways is summarized in Figure 1.

The classical pathway is activated through formation of immune complexes bound to 

antigens or other foreign material. The C1 complex binds the Fc portion of an IgG or IgM 

complex, cleaving C2 and C4 to form C3 convertase [5]. C3 convertase (C4bC2a) allows for 

cleavage of C3, the most abundant complement component, into biochemically active 

fragments C3a and C3b. C3a is an anaphylatoxin, a potent immune cell chemoattractant, 

while C3b deposits on the surface of cells and functions as an opsonizing agent [1][8]. C3b 

along with its degradation products, iC3b, C3dg, C3d, as well as C4b, plays an important 

effector role in the clearance of foreign bodies by interaction with complement receptors 

(CR) on immune populations, notably macrophages and neutrophils [8][9][10]. The 

mannose binding lectin pathway of complement begins when mannose binding lectin (MBL) 

molecule binds sugar residues on cell surfaces. MBL molecules complex with mannose 

associated serine proteases (MASPS) leading to autoactivation and cleavage of C2 and C4 

and construction of C3 convertase [11]. The alternative pathway is activated by spontaneous 

hydrolysis of C3 in the blood which happens at consistent low levels, commonly referred to 
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as “tick over”. C3b binding to pathogen or foreign bodies recruits factor B, which is further 

cleaved by factor D, to form the alternative pathway C3 convertase (C3bBb). Binding of the 

protein properdin, released by activated neutrophils, stabilizes the complex and resists 

degradation by complement regulatory proteins [12]. Due to the constant low level “tick 

over”, the alternative pathway can act to amplify the classical and MBL pathways to further 

potentiate the effects of complement activation.

It is worth noting that the activation and generation of certain, downstream components of 

the complement system can be create via the coagulation and fibrinolytic systems, the 

processes by which the body creates and subsequently breaks down clots after vascular 

trauma. These systems operate via a serine protease driven cascade similar to the 

complement system, and C3 and C5 can be cleaved into biologically active components, 

primarily by thrombin. Due to the crosstalk between systems, the coagulation pathway can 

be informally thought of as an additional complement induction pathway, though likely far 

more uncommon and less robust [13][14].

Although the initial steps of activation varies, all induction pathways converge on the C3 

convertase step and follow the same path towards termination. Binding of C3b to the 

existing C3 convertases leads to formation of the C5 convertase, which cleaves C5 into the 

anaphylatoxin C5a and C5b. C5b binds to cell surfaces to set up the final steps of the 

cascade. C5b forms a complex with C6 and C7. The formation of this C5bC6C7 complex is 

the trigger that sets off MAC formation, C5bC6C7 complexes with C8 and polymerized C9 

to form a pore in the cell membrane causing cell lysis and death [1].

Complement Regulation

The complement system is a potent effector arm of the innate immune system, one that is 

constantly working and surveying for pathogens in the host blood, poised to strike as soon as 

a threat is detected. As with any branch of the immune system, tight regulation and 

inhibition of complement activators is paramount to prevent inappropriate activation, which 

can cause a massive inflammatory response and host cell damage [15]. While control can be 

enacted at any step in the pathway, regulation of C3 generation is the most central control 

point due to C3 being the most critical step in all complement pathways. Regulator 

molecules are present in the plasma at higher concentrations than that of activator molecules, 

rendering inappropriate activation by non-pathogenic foreign particles almost nonexistent 

when functioning properly [1][16][17].

Dysregulation of the complement system and its components can result in primary and 

secondary immune deficiencies, manifesting in autoimmune diseases such as atypical 

hemolytic uremic syndrome (aHUS) [18] and systemic lupus erythematosus (SLE) [19]. 

Similarly, deficiencies in complement components including but not limited to C5-C9, can 

render individuals more susceptible to bacterial infections by Neisseria meningitidis, among 

others [8][20]. The presence of diseases linked to complement deficiencies highlights the 

vital role the complement system plays in maintaining homeostasis [21].
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Complement regulation can occur through numerous mechanisms, with each having specific 

targets along the cascade pathways (Figure 1, Table 1). Serine proteases are present in the 

serum which oversee targeted cleavage of C3b and C4b, leading to the creation of protein 

fragments iC3b, C3dg, C3c, C4c, C4d [16]. C4 binding protein binds C4b, preventing 

formation of C3 convertase in classical and MBL pathways [22]. Cleavage of C3b and C4b 

into fragments can be carried out by Factor I with the assistance of the cofactors 

complement receptor 1 (CR1), membrane cofactor protein (MCP), and Factor H. CR1 and 

MCP are both membrane bound cofactors which act synergistically with Factor I to promote 

targeted cleavage of C3b and C4b into inactive fragments [23][24][25][26]. Factor H is a 

plasma glycoprotein which binds C3b located on host cell surfaces and triggers cleavage and 

inactivation of C3b [23]. C1 inhibitor (C1-INH), a plasma protease inhibitor, regulates the 

activation of the classical and MBL pathways through competitive inhibition by permanently 

inactivating C1r and C1s as well as MASP1 and MASP2 of the MBL pathway [27]. CD55, 

also referred to as decay-accelerating factor, prevents formation of C3 convertase by 

interacting with membrane bound C4b and C3b, negating the necessary polymerization [28]. 

Carboxypeptidase N (CPN1) is a plasma protein that degrades and inactivates C3a and C5a, 

preventing immunostimulatory action of anaphylatoxins [29]. Thrombomodulin increases 

Factor H activity and activates the degradation of C3a and C5a [30]. The C5a degradation 

product, C5a des-Arg, itself retains a fraction of it signaling capabilities and has a high 

affinity for C5aR2, also referred to as C5-like receptor 2 (C5L2) [31][32]. CD59, 

vitronectin, and clusterin all play roles in preventing the formation of the MAC through 

binding complement proteins C5b-C9 [15][33][34][35].

Complement and Cancer

Due to its capacity to modulate activation of the innate and adaptive immune systems, 

complement was originally viewed with promise as promoting tumor cell death through 

complement mediated lysis via the MAC, as well as the recruitment of immune effectors 

through anaphylatoxin signaling and opsonization of tumor cells [36]. This, however, does 

not appear to be the case, as evidence now points to complement acting as a tumor promotor 

in most situations [37]. This leads to a series of complicated and confusing interactions that 

are only beginning to be understood, the full breadth of which is far too encompassing for 

this review.

Besides its pivotal role in modulating the immune response through signaling interactions 

with immune cells, anaphylatoxins have been linked to promoting tumor progression. C3a 

receptor (C3aR) and C5a receptor 1 (C5aR1) are G-protein coupled receptors and are widely 

expressed on many cell types, including myeloid cells, lymphocytes, hematopoietic cells, 

epithelial cells, and cancer cells [36], and the binding of these anaphylatoxins to receptor 

molecules induces a host of immunological effects. Unlike C5aR1, the previously mentioned 

C5aR2 is not a G-protein coupled receptor, and is much less characterized than its 

counterpart, though it appears neutrophils and immature dendritic cells (DC) express high 

levels of C5aR2. The overall functionality of C5aR2 and its relation to cancer is still 

undetermined [31][32]. C3a and C5a signaling is responsible for activation and release of 

histamine and cytokines from mast cells, basophils, and eosinophils, increasing tissue 

inflammation and smooth muscle contraction [38][39][40]. The expression of C3aR and 
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C5aR1 on T-cells indicates that anaphylatoxins are potentially capable of regulating the 

differentiation of T-cell sub populations. Furthermore, recent evidence suggests that 

intracellular complement signaling is a vital component to maintaining T cell homeostasis, 

survival and regulation of IFN-γ secretion, challenging the axiom that complement is 

strictly a serum bound effector system [41][42].

In the context of cancer, C3a and C5a binding to cognate receptors can create a pro-tumor 

TME [3]. For example, C5a was found to increase migration of myeloid derived suppressor 

cells (MDSC’s) and production of TGF- β and IL-10, which correlated in a decrease in 

CD8+ T cell infiltration [43]. Furthermore, IL-10 and TGF-β were responsible for increased 

numbers of regulatory T cells (Tregs) and Th2 T cells both of which facilitate 

immunosuppression within the TME [44]. C5a-C5aR signaling has also been reported to 

polarize tumor associated macrophages (TAMs) towards a suppressive M2 phenotype [45]. 

Signaling through C3aR or C5aR resulted in decreased overall numbers of natural killer 

(NK) cells and cytotoxic activity, a reversal of this effect could be when complement 

activation was blocked [46]. Activation of the C3a-C3aR axis suppresses effective tumor 

control by inhibiting neutrophil and CD4+ T cell responses [5][47], and studies have shown 

that complement supports epithelial mesenchymal transition (EMT), an important part of 

early metastasis, through C3a signaling [2][3]. Similarly, C5aR activation on tumor cells can 

trigger enhanced expression of matrix metalloproteases (MMP’s), potentiating tumor cell 

dissemination and metastasis [48].

Complement regulators are shown to be overexpressed on the surface of cancer cells [49]

[50]. If cancer cells benefit from complement activation, what benefit would there be in 

increasing expression of proteins that actively control its activity? A hypothesis laid forth by 

Afshar-Kharghan states that anaphylatoxin activity and low, sublytic levels of MAC serve to 

promote tumor growth [3]. Whereas higher concentrations of MAC, cause tumor cell lysis. 

Therefore, cancer cells benefit from anaphylatoxin production during early activation of 

complement cascade but inhibit formation of MAC to prevent tumor cell lysis. CD59, a 

regulator inhibiting MAC formation, being the most overexpressed regulatory protein on 

cancer cell surfaces [4] supports the hypothesis that overexpression of regulators is an 

attempt to stave off complement mediated lysis via the MAC.

The Impact of Radiation Therapy on Complement Activation and Anti-

Tumor Immunity

Radiation therapy is an essential tool in the arsenal against many malignancies, used alone 

or in tandem with chemotherapies or surgery. Radiation is known to affect immune cells [51]

[52]. RT aims to kill tumor cells, but it is now abundantly clear that RT is often not enough 

to suppress tumors and that activation of the immune system is a requirement for effective 

tumor control [52][53]. Radiation therapy is particularly useful for stimulating 

immunogenically poor tumors, increasing MHC-1 presentation and inducing tumor antigens, 

in turn generating a more robust anti-tumor response [52][54].

Different schemes and doses of radiation will elicit different effects on immune populations, 

and further understanding of the influence of RT is critical for determination of an “optimal” 
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dose. These effects are summarized in Table 2. High dose RT has been shown to stimulate 

infiltration of CD8+ T cells [52][55], increase antigen presentation and infiltration of 

macrophages [54], and increased maturation of DC’s [53][54], both important aspects of 

anti-tumor immunity. However, high dose radiation also induces infiltration of Tregs [52]

[56][57] and a polarization of macrophages towards the immunosuppressive M2 phenotype 

[52]. Classical fractionated RT strategy has been shown to increase antigen release and has 

the benefit of minimizing the toxicity to non-cancer cells. Macrophage and DC infiltration 

was noted to increase during fractionation, resulting in increased antigen presentation [54]

[58]. Repeated irradiation, however, can potentially kill the infiltrating effector lymphocytes, 

which are highly radiosensitive cells, before they are able to enact their anti-tumoral effects 

[59]. Additionally, an increase in Tregs was also seen with fractionated radiation which tend 

to be more radio resistant than their effector lymphocyte counterparts [52][57][60][61]. 

Hypofractionated RT, breaking the total radiation dose into larger chunks with fewer 

treatments, suppresses myeloid derived suppressor cells (MDSC) [59][62] and results in the 

maturation of DC’s [58], subsequently causing activation of CD8+ T cells [59]. A late 

infiltration of Tregs has been seen following the influx of CD8+ T cells. Therefore, it is 

readily apparent that much work still needs to be done to determine an optimal dosing 

scheme [52][53].

A primary effect of radiation therapy (RT) is to induce double-stranded DNA damage either 

through the direct contact with ionized particles, or through the creation of reactive oxygen 

species (ROS), resulting in tumor cell death by apoptosis, necrosis, senescence, and mitotic 

catastrophe (Figure 2) [51][56][63]. A non-targeted byproduct of the cell damage caused by 

RT is release of damage associated molecular patterns (DAMP’s) and cytokines which prime 

and activate the immune system, enhancing promotion of anti-tumor immunity (Figure 2) 

[56][64]. Another potential secondary cellular effect in response to RT is the local 

production of complement components, although the exact mechanism behind the 

production of complement is unclear, evidence links this with cell necrosis, apoptosis, and 

the recognition of DAMPs [65][66]. Few studies have been conducted exploring this link 

between complement activation and RT.

Multiple studies have shown an association between radiation therapy and complement 

activation. Surace et al. described how irradiation (5Gy, 20Gy) was shown to induce a local, 

transient activation of classical and alternative complement pathways [66]. While the 

majority of complement factors are produced in the liver, it is known that complement 

components, most notably C3, can be produced locally by a various different tissues and cell 

types, including tumor cells [2][66][67]. This locally produced complement results in the 

generation of C3a and C5a which interact with cognate receptors on tumor associated 

dendritic cells to activate and induce maturation. In turn, mature DC’s are responsible for the 

induction of anti-tumor activity by cytotoxic CD8+ T lymphocytes. Additionally, locally 

produced complement components will also lead to greater C3b deposition on the surface of 

tumor cells, potentially increasing the effects of complement, including greater opsonization 

and mediated lysis via the MAC [66]. These findings are particularly interesting, considering 

C5a has been previously implicated in regulating the migration of MDSC’s, which are 

important for the modulating immune suppression and inhibition of C5a signaling with a 
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C5aR antagonist showed reduction in tumor growth comparable to that of paclitaxel, a 

chemotherapeutic anti-cancer drug [43][65].

In juxtaposition, separate evidence has implicated complement activation in pro tumorigenic 

effects, with blockade of cleaved C3 components leading to increased efficacy during 

radiation therapy [65]. Complement activation, it was argued, increased the clearance of 

apoptotic tumor cells creating an anti-inflammatory environment in which the remaining 

tumor cells can thrive. Treatment with CR2-Crry, an inhibitor targeting C3 cleavage 

fragments, modulates the immune response after RT (1.5Gy x 10), inducing an influx of 

neutrophils, reducing the clearance of apoptotic cells and creating more available neo-

antigen, driving it towards a pro-inflammatory tumor microenvironment. This had a 

profound effect which increased mature DC and CD8+ T cell infiltration, resulting in 

reduction of tumor growth and increased overall survivability [65]. These findings are in line 

with the general consensus that complement activation promotes tumor progression and 

inhibiting components of the complement cascade drives tumor regression and fuels anti-

tumor immunity [3][4].

The question at hand is why there are these two opposing effects from complement 

activation in response to radiation therapy, and what are the underlying mechanisms that are 

causing this discrepancy? The answer to this question is likely not simple, and one that is 

highly multifactorial. One possibility is that the observed differences are due to different 

approaches to the delivery of RT in each study, fractionated vs single dose.

RT administered as a single high dose lead to elevated levels of necrotic cell death and 

release of DAMPS. A single, high dose, of RT was argued by the authors to be more 

beneficial, as fractionated radiation schemes have been implicated in destroying the 

infiltrating T cell populations shown to be necessary for anti-tumor immunity [66]. The 

resulting activation of complement corresponded with maturation and activation of DC’s 

[66] (Figure 2), in turn leading to an increase in the numbers of tumor infiltrating CD8+ T 

cells [52]. Upon stimulation by RT, DC’s were shown to upregulate the expression of C3a 

and C5a receptors [66]. This, mixed with the local production of complement caused by RT 

and complement activation in the TME, are argued to be the driving factors behind the pro-

inflammatory response and subsequent tumor control. When C3a, C5a interaction with their 

cognate receptors on DC’s was blocked RT failed to provide an anti-tumor effect and an 

increase in Tregs in the tumor was seen, showcasing the importance of anaphylatoxin/RT 

synergy in this study [66].

On the other hand, fractionated treatment generated a pro tumor environment, featuring 

more apoptotic cell death [65]. Only when complement activity was negated through the use 

of the C3 complement inhibitor CR2-Crry did the scales tip back to a robust anti-tumor 

response [65]. The clearance of apoptotic cells is considered to be an anti-inflammatory 

response that has been attributed to maintaining immunological tolerance [68] and 

deposition of complement components on membranes is vital to the clearance of apoptotic 

bodies. By controlling complement mediated clearance, apoptotic cells progress to 

secondary necrosis [68], releasing DAMPS and inducing the maturation of DC’s, promoting 

activation and anti-tumor immunity in CD8+ T cells [66]. Repeated irradiation might 
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therefore lead to a state with more apoptotic cells [65], increasing the clearance of apoptotic 

bodies via complement deposition, pushing the TME towards one that is more anti-

inflammatory and immunotolerogenic [68], promoting tumor growth and reducing the 

efficacy of RT treatment.

Taken together, these details might explain why there are such stark differences in the 

activation of complement after administration of RT. As previously mentioned, RT will elicit 

different immunological effects based on the dosing scheme employed (Table 2). 

Complement activation is clearly induced by RT [66][65], although the variables behind 

whether the activation generates a pro or anti-tumor response remains a mystery and more 

research is needed to uncover these details.

Clinical Implications of Complement Manipulation

Efforts have been made to use complement to augment the immune response. Many existing 

therapies utilize complement fixation by monoclonal antibodies (mAbs) to initiate 

complement dependent cytotoxicity [69][70] via the classical pathway. However, the 

efficiency of complement mediated tumor cell killing, particularly in solid tumors, is 

uncertain and inconsistent [69]. Cetuximab [71], rituximab [72], ofatumumab [73], and 

pertuzumab [74] are examples of complement-fixing, tumor antigen specific mAb’s 

currently in use. Preclinical data indicate that complement inhibition may represent an 

additional target for cancer therapies. A study by Ajona et al. used a combination treatment 

of a C5aR1 inhibitor paired with anti-PD1 therapy. This treatment was highly synergistic 

and effectively reduced growth and metastasis of established tumors. This effect was 

mediated by the increased infiltration and activity of CD8 T cells, and a decrease in MDSC’s 

[75]. Regardless of their promising potential as anti-cancer therapies, clinical trials targeting 

complement components are sparse, with only one trial, targeting C5aR1, currently active 

according to clinicaltrials.gov [76].

As discussed previously, complement regulatory proteins are often overexpressed on tumor 

cells [49][50]. The upregulation and over expression of these complement regulators on the 

surface of tumor cells degrades active deposited complement fragments, thus reducing the 

ability of mAbs to fix complement, inhibiting MAC formation and cell death via 

complement dependent cytotoxicity [77]. Studies conducted by Zhao et al. and Mamidi et al. 

showed that the efficacy of trastuzumab and/or pertuzumab was enhanced when paired with 

neutralizing antibodies against CD55 and CD59 [78][74]. Therefore, targeted inhibition of 

surface bound regulators can indeed increase the efficacy of certain mAb therapies. 

However, as a side effect this could lead to systemic overactivation or dysregulation, which 

would need to be carefully monitored [16] [77]; and while effective in reducing tumor 

growth and other pro-tumor effects initiated by complement, blocking complement 

activation does not come without risks. Wholesale inhibition of complement activation 

leaves the host without the capacity for opsonization, recruitment of immune populations 

through C3a and C5a signaling, and MAC formation, all of which can result in increased 

susceptibility to septic infections [79].
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Dexamethasone (DEX), a corticosteroid anti-inflammatory, is commonly prescribed by 

physicians to treat symptoms associated with RT and chemotherapies. It is also been shown 

to inhibit complement activation [80]. The study by Surace et al, demonstrated that 

administration of DEX after RT resulted in loss of treatment efficacy, indicating a pro tumor 

action of DEX through the inhibition of complement activation [66]. Interestingly, previous 

studies linked complement inhibition to improved treatment efficacy [65]. Administration of 

DEX to treat symptoms associated with RT could, as a secondary effect, further improve 

treatment efficacy. Whether or not the effect of DEX seen by Surace et. al is purely 

circumstantial, caused by the tumor model and/or dosing scheme, remains to be seen. This 

does however suggest the potential need for alternative prescriptions to help manage the 

adverse effects of treatment, though admittedly more work is needed to validate any 

potential negative effects of DEX.

Complement components have been identified as potential prognostic biomarkers. A study 

by Maher et al. identified elevated levels of C3a and C4a in serum of patients with 

esophageal cancer. Elevated serum levels of C3a and C4a in pretreatment patients was linked 

to a poorer response to neoadjuvant chemo and radiation therapy [81]. Admittedly, the 

relationship between serum C3a and C4a levels and treatment response requires further 

validation in a large independent patient cohort [81], though if this relationship does indeed 

hold true it would provide an excellent, minimally invasive, predictor of treatment response. 

Another study by Bouwens et al. showed elevated MBL and decreased factor B levels have 

been suggested as a biomarker for glioblastoma multiforme [82]. Furthermore, high C4d 

deposition and serum levels correlated to shorter survival in both advanced and early stage 

tumors, indicating that C4d is a potential biomarker for lung cancer survival [83]. CD59 has 

been reported as a potential prognostic biomarker for predicting the response of esophageal 

cancer to radiation therapy. Elevated expression of CD59 in esophageal cancer cell lines and 

clinical samples was shown to correlate with a lower overall and disease-free survival among 

patients who received RT [84].

Complement inhibition has also been shown to synergize with common chemotherapy 

drugs. A study by Medler et al. demonstrated that C5aR1 inhibition, in combination with 

paclitaxel, reprograms macrophages towards an M1 phenotype and leads to recruitment of 

activated effector CD8+ T cells [85]. This effect occurred independently of IFN-γ signaling 

and indicating the potential of complement inhibitors to increase the efficacy of 

chemotherapeutic agents [85]. Contradictory to this effect, a study conducted by Li et al. 

showed that complement activation and deposition inside the TME increased the 

effectiveness of temozolomide (TMZ) and RT, alongside an inhibitor of indoleamine 2,3-

dioxygenase (IDO). The increased anti-tumor effect was mediated through complement, as 

C3 deficient mice exhibited none of the increased treatment efficacy showed by the 

combination treatment [86]. This once again highlights the dualistic nature of complement 

activation inside the TME.

Conclusion

The relationship between complement and cancer is a confusing, and controversial subject, 

and activation of complement has been implicated in endowing pro and anti-tumorigenic 
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qualities. Numerous strategies are being developed to use complement components as 

prognostic biomarkers, and augment complement activation to assist in control and 

clearance of tumors. While RT appears to induce local complement activation, the overall 

effect on cancer progression shows opposing effects and the details behind such are still 

unclear. RT has been a staple of cancer treatment for decades and will continue to be for 

years to come due to its ability to stimulate immunogenically poor tumors. Separate studies 

have shown that complement activation can either enhance or negate treatment efficacy, 

highlighting the dire need for additional research in this field. Understanding more about the 

complex interactions between, complement, cancer, and RT will add another arrow in the 

quiver of combined immunotherapies against these deadly malignancies.
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Figure 1. 
Overview of the three complement induction pathways. Terminating with the formation of 

the membrane attack complex. Regulatory proteins and where they act along the pathway 

are shown in red.
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Figure 2. 
Cellular effects of radiation induced cell death. Primary effects of radiation induced cell 

death are caused by direct effects of cellular DNA damage. Irradiation of tumor cells also 

causes secondary effects through release of DAMPs and cytokines from dying cell, 

triggering activation of innate and adaptive immune cell populations which reshape the TME 

phenotype. Local production and activation of complement pathways is a suspected 

secondary effect of RT.
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Table 1.

Complement system regulators, function, and location within the system

Regulatory Protein Regulatory Function Type References

CD59 Block C9 complex with C5bC6C7C8 to prevent MAC formation Membrane Bound 33

Complement Receptor 1 (CR1) Membrane bound cofactor for Factor I Membrane Bound 24

CD55 Prevents C3 convertase formation by interaction with C3b and C4b Membrane Bound 28

Membrane Cofactor Protein 
(MCP)

Membrane bound cofactor for Factor I Membrane Bound 25

Thrombomodulin Enchances Factor H. C3a C5a degredation Membrane Bound 30

C1 Inhibitor (C1-INH) Prevents induction of classical and MBL pathways by inactivating 
C1r and C1s, MASP’s

Plasma 27

C4 Binding Protein (C4BP) Binds C4b. Prevents formation of C3 convertase in MBL and 
Classical Pathways

Plasma 22

Clusterin Binds C5bC6C7 and inhibits binding of C9 Plasma 34

Factor H Binds C3b on cell surface and triggers degredatation, preventing AP 
activation

Plasma 23

Factor I Proteolytic cleavage of C3b and C4b Plasma 26

CPN1 Degrades C3a and C5a Plasma 29

Vitronectin Binds C5bC6C7 and blocks C9 polymerization Plasma 35
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Table 2.

The effect of differing RT schemes on immune cell populations. DC = Dendritic cells, Treg = Regulatory T 

cell, Ag = Antigen, MDSC = Myeloid Derived Suppressor Cell

Classical Fractionated Hypofractionated Low Dose High Dose

Macrophage and DC Infiltration (54)
Maturation of DC’s (58)
Increased Ag Presentation (54)

Suppresses MDSC’s (59, 62)
Maturation of DC’s (58, 59)
CD8+ T Cell Activation (59)

M1 Macrophage Phenotype 
(52)

CD8+T Cell Activation (52)
Maturation of DC’s (53)
Macrophage and DC Infiltration (54)
Increased Ag Presentation (54)

CD8+ T Cell Inhibition (52)
Infiltration of Tregs (52, 57)

Late Infiltration of Tregs (59)
Infiltration of Tregs (52, 56, 57)
M2 Macrophage Phenotype (52)
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