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Complement in skin diseases
9��.RWQLN

Complement is one of the most important mechanisms of natural resistance preventing infections 

in humans and animals. It is actively involved in the pathogenesis of several diseases, including 

skin diseases, characterized by the presence of autoantibodies, foreign microorganisms, altered 

tissue cells, and the presence of mannan. Complement is intended to kill invading microorganisms 

but it can also destroy the organism’s own damaged or altered cells. It is characterized by vigorous 

activity and is also potentially harmful for the host if triggered in its own body. This review discusses 

the significance of complement activation for emerging skin diseases and highlights the importan-

ce of serological laboratory tests for the detection of complement system activity alterations in skin 

diseases such as pemphigus vulgaris, bullous pemphigoid, herpes gestationis, dermatitis herpe-

tiformis, porphyria, urticaria, angioedema, cutaneous vasculitis, systemic lupus erythematosus, 

partial lipodystrophy, lichen planus, xeroderma pigmentosum, psoriasis, and recurrent cutaneous 

infections. Finally, we draw attention to the current potential for treating these diseases with com-

plement inhibitors.
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Introduction
It has already been known for decades that the 

FRPSOHPHQW� V\VWHP� SOD\V� D� VLJQLÀFDQW� UROH� LQ�PDQ\�
skin diseases (1–3). Changes in the function of the 

overall complement system or individual components 

of it have been described for various autoimmune con-

GLWLRQV�DQG�FRPSOHPHQW�GHÀFLHQF\��DQG�DUH�DOVR�W\SL-
cal of some dermatologic diseases (3–6). It is thought 

that complement is involved in blistering skin diseases 

such as pemphigus vulgaris, bullous pemphigoid, 

herpes gestationis, dermatitis herpetiformis, and por-

phyrias. In these diseases, the presence of autoanti-

bodies, defects of complement components, alteration 

RI�VSHFLÀF�HQ]\PHV�LQFUHDVLQJ�OHYHOV�RI�,/���DOSKD�DQG�
71)�DOSKD��DQG�RWKHU�IDFWRUV�LQÁXHQFLQJ�WKH�FRPSOH-
ment system function and serving as initiators of dis-

ease have already been demonstrated (7–9). Comple-

ment activation is also involved in diseases involving 

injured vessels such as urticaria, angioedema, and cu-
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taneous vasculitis (10, 11). The third group is skin dis-

HDVHV�FRQQHFWHG�ZLWK�D�GHÀFLHQF\�RI�WKH�FRPSOHPHQW�
system (12, 13). Congenital or acquired complement 

GHÀFLHQFLHV�DUH�DVVRFLDWHG�ZLWK�DQJLRHGHPD��&��,1+�
GHÀFLHQF\��� GLVFRLG� OXSXV�� FXWDQHRXV� YDVFXOLWLV� DQG�
systemic lupus erythematosus (C1, C2, C3, or C4 de-

ÀFLHQF\���SDUWLDO� OLSRG\VWURSK\��SUHVHQFH�RI�&�1H)���
OLFKHQ� SODQXV� �&�� GHÀFLHQF\��� [HURGHUPD� SLJPHQWR-

VXP� �&�� GHÀFLHQF\��� DQG� UHFXUUHQW� FXWDQHRXV� LQIHF-
WLRQV��GHÀFLHQF\�RI�&5�����������������&RPSOHPHQW�LV�
also involved in psoriasis (16). The aim of this paper 

is to present information on how complement system 

activity is altered in the serum and plasma of patients 

with skin disease.

Structure and function of the 
complement system

The complement system is one of the most impor-

tant mechanisms of natural resistance. It is composed 

of around 34 individual protein components. Some of 

WKHP� KDYH� HQ]\PDWLF� DFWLYLW\� DQG� DUH� DEOH� WR� FOHDYH�
other components into smaller products with biologi-

FDOO\�VLJQLÀFDQW�IXQFWLRQV��7KH�FRPSOHPHQW�V\VWHP�LV�
DFWLYDWHG�WKURXJK�WKUHH�SDWKZD\V��FODVVLFDO��DOWHUQDWLYH��
and lectin. They are ontogenetically of different ages, 

the alternative pathway being the oldest and classical 

WKH�\RXQJHVW��,W�LV�VLJQLÀFDQW�IRU�DOO�WKUHH�SDWKZD\V�WKDW�

they activate (cleave) the central component of comple-

ment cascade C3 and form a unique terminal or lytic 

complex, which is responsible for damaging the target 

structure. The terminal complex is the most important 

product of complement activation and it acts to destroy 

the invader. If the foreign structure happens to be near 

normal tissue, or if normal tissue is altered to be similar 

to the foreign antigen, complement is activated and it 

GHVWUR\V�WKH�PRGLÀHG�FRQVWLWXHQW��,Q�QRQ�SDWKRORJLFDO�
conditions, the complement system is precisely regu-

ODWHG� WR� SUHYHQW� WKH� RFFXUUHQFH� RI� LQÁDPPDWLRQ� DQG�
possible self-destruction of the organism.

Not only the terminal complex, but also some 

cleavage products of the complement components are 

biologically important. The most important are cleav-

age products of C5, C5b, and C5a. C5b is the basis for 

the formation of membrane-bound lytic complex and 

C5a is the most powerful chemo-attractant for neu-

trophils and macrophages. In addition, in some con-

ditions C5a can activate mast cells and start an ana-

phylactic reaction. Other important cleavage products 

include C3a, C3b, iC3b, C3d/dg, C4d, Ba, and Bb. 

These can construct new important complexes such 

as C4a2b – C3 convertase of the classical pathway, 

C3bBb – C3 convertase of the alternative pathway, 

C4a2b3b – C5 convertase of the classical pathway, 

C3bBb3b – C5 converstase of the alternative pathway, 

and C5b-9 or membrane attack complex (MAC), also 

known as lytic complex (Fig. 1).

"

Figure 1. 

Classical, alternative, 

and lectin pathways.
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&RPSOHPHQW� LV� DFWLYDWHG� LQ� WKUHH� ZD\V�� YLD� WKH�
classical (immune complex–dependent), alternative 

(foreign surface–dependent), and lectin (mannan-

dependent) pathways. All pathways unite at the level 

of the C3 component, forming C5 convertases, which 

initiate the formation of lytic complex (MAC or C5b-

9). Activation products (C5a and C3a) have important 

biological properties because they are powerful che-

mo-attractants and anaphylatoxins.

7KH� FRPSOHPHQW� V\VWHP� VLJQLÀFDQWO\� FRQWULEXWHV�
to the development of autoimmune disease. If it acts 

without suppression, it destroys its targets ruthlessly 

and also damages the surrounding structures in the 

assaulted organs and tissues. Activation products such 

as C5a (anaphylatoxin) primarily attract neutrophils, 

EXW�DOVR�RWKHU�SKDJRF\WLF�FHOOV��DW�WKH�VLWH�RI� LQÁDP-

PDWLRQ��IXUWKHU�LQFUHDVLQJ�WKH�LQÁDPPDWLRQ�DQG�WKXV�
aggravating the injury.

Localization of skin lesions
Complement-dependent dermatologic diseases 

may affect various distinctive skin layers. Bullous–

blistering diseases such as pemphigus vulgaris are lo-

cated in the intraepidermal stratum and are expressed 

by lesions resulting from lack of cohesion between in-

dividual epidermal cells; others are located in the sub-

HSLGHUPDO�UHJLRQ�DQG�DUH�FKDUDFWHUL]HG�E\�GHSRVLWLRQ�
of immunoglobulin and C3 on the dermal-epidermal 

basement membrane (bullous pemphigoid) (17, 18). 

Lesions in dermatitis herpetiformis are also located 

in the sub-epidermal region and are associated with 

the involvement of diseases of the small intestine and 

&URKQ·V�GLVHDVH��+HUSHV�JHVWDWLRQLV�LV�FKDUDFWHUL]HG�E\�
destruction of the basal-cell layer of the epidermis and 

deposition of C3, and factors P and B of the alter-

native pathway. In porphyrias, the dermal-epidermal 

junction is damaged. Lesions in urticaria and angio-

HGHPD�DUH�ORFDOL]HG�LQ�VXSHUÀFLDO�SDUWV�RI�WKH�GHUPLV�
and subcutaneous tissue (19). Cutaneous vasculitis is 

FKDUDFWHUL]HG�E\�LQÁDPPDWLRQ�RI�EORRG�YHVVHOV�LQ�WKH�
VNLQ�������6LJQV�RI� LQÁDPPDWLRQ�DQG�WKH�SUHVHQFH�RI�
QHXWURSKLOV�DQG�RWKHU� LQÁDPPDWRU\�FHOOV�DUH�VLJQLÀ-

cant for all of these injury sites (18, 20).

Pemphigus vulgaris
The etiological cause of the disease is unknown. 

Infection with viruses is possible but treatment with 

some medications and some malignant diseases can 

also be accompanied by the eruption of blisters in the 

suprabasal region of the skin. Autoantibodies directed 

against desmosomes (e.g., desmosomal adhesion pro-

tein, desmoglein 1 [Dsg 1] and 3 [Dsg 3]) and protein 

%3����DUH�IRXQG�LQ�WKH�OHVLRQV�E\�GLUHFW�LPPXQRÁXR-

rescence and are the major pathogenetic agent (21). 

These antibodies are thought to activate complement 

and cause acantholysis (22). Activation of complement 

has been demonstrated locally in blisters and systemi-

cally in blood by increased classical and alternative 

SDWKZD\�DFWLYLW\��ORZ�&+���DQG�$3+�����XQFKDQJHG�
lectin pathway activity, and low concentrations of 

separate complement components, except for C8 and 

C9 (4, 23). There are also some other mechanisms in-

volved in the pathogenesis of the disease. It has been 

reported that MIF is important in pemphigus vulgaris 

because it induces T cells and stimulates autoantibody 

production by B cells (24, 25).

Bullous pemphigoid
7KLV� GLVHDVH� LV� FKDUDFWHUL]HG� E\� ODUJH�� H[WHQGHG�

blisters in the subepidermal region of the skin. The 

pathogenetic agent is autoantibodies directed against 

antigens BP230, BP180, and desmoplakin, located in 

WKH� EDVHPHQW� PHPEUDQH� ]RQH� ������ ,PPXQH� FRP-

plexes composed of IgG together with C3 and C4 are 

found in histological preparations. The etiology of the 

disease is still unknown but it is more common in el-

derly persons with malignancies or consuming vari-

RXV�GUXJV�������+HUH��WRR��WKH�DQWLERGLHV�DUH�WKRXJKW�
to activate the complement system. Serum and blister 

concentrations of all components of the complement 

cascade are lowered in laboratory tests, indicating 

complement activation (4, 7, 17, 27).

Herpes gestationis
This disease appears during or soon after preg-

nancy. Autoantibodies against collagen XVII are 

present in the majority of patients (28). Destruction 

of the basal layer of the epidermis and deposition of 

IgG, C3, FB, P, and C5b-9 are present in histology 

sections. There is hypocomplementenemia in the 

acute phase of the disease but not later. The presence 

of alternative pathway components in deposits sug-

gests activation of both classical and alternative path-

ways (29, 30). The disease is associated with C4 null 

allele polymorphism (31).

Dermatitis herpetiformis
'HUPDWLWLV�KHUSHWLIRUPLV�LV�FKDUDFWHUL]HG�E\�VPDOO�

subepidermal blisters on an erythematous base with 

intense itching. Aside from pruritus, systemic involve-

ment is rare (32). The disease is associated with glu-

ten intolerance and small-intestine changes similar to 

Crohn’s disease. Deposits of IgA together with C3, 

factor B, and factor P are found in histological resins. 

Because no C4 and C1 are present in depositions, it 
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has been suggested that local complement activation 

by the alternative pathway occurs preferentially (33).

Porphyria
3RUSK\ULDV�DUH�FDXVHG�E\�D�VSHFLÀF�HQ]\PH�GHIHFW��

and depositions of complement and immunoglobulin 

are present around the blood vessels at the dermal-

epidermal junction (34). Activation of the comple-

ment system is also associated with accumulation of 

neutrophils and mast cells in the region of the skin 

lesions. Irradiation, which is often the triggering agent 

in porphyrias, may activate complement in vitro (35). 

This may be evidence that complement activation has 

a pathogenetic role in development of the disease.

Urticaria
In urticaria, edema predominantly involves the su-

SHUÀFLDO�SDUWV�RI�WKH�GHUPLV�������7KH�H[DFW�FDXVH�RI�
the disease is unknown, but in several cases exposure 

to an allergen or physical stimulus has caused a skin 

reaction (37). The pathophysiological background of 

the reaction is in many cases degranulation of skin 

basophils due to the presence of IgE antibodies. Im-

mune complexes in the skin are normally not found 

and direct involvement of the complement system is 

therefore not likely (38).

Angioedema (inherited C1 
inhibitor deficiency)

The disease is very similar in appearance to urticaria 

but the pathologic events are located in the subcutane-

RXV�WLVVXHV�DQG�DUH�GLUHFWO\�FRQQHFWHG�ZLWK�GHÀFLHQF\�
RI�WKH�FRPSOHPHQW�UHJXODWRU�&��LQKLELWRU�������+HUHGL-
tary angioedema is autosomally inherited (40). The in-

cidence is about 1 in 150,000 and men and woman are 

equally affected. The disease is dominant and homo-

]\JRXV�GHÀFLHQF\�LV�QRW�\HW�NQRZQ��,Q�����RI�FDVHV��D�
low level of C1 inhibitor in plasma is found, and normal 

or elevated levels of functionally defective C1 inhibi-

WRU�PROHFXOH�DUH�SUHVHQW�LQ�����RI�FDVHV�������&OLQLFDO�
V\PSWRPV� DUH� SDLQOHVV� VZHOOLQJ� RI� ORFDOL]HG� DUHDV� RI�
skin, sometimes with the involvement of the gut and 

respiratory tract. Laryngeal swelling is life threaten-

ing. After an attack, C2 and C4 levels are substantially 

decreased. In some individuals, inherited C1 inhibitor 

GHÀFLHQF\� LV�DVVRFLDWHG�ZLWK� LPPXQH�FRPSOH[�GLVHDV-
es and profuse consumptions of the classical pathway 

components. An acquired form of angioedema also 

exists. The acquired form is common in patients with 

malignant lymphoproliferative disease of B cells. Low 

levels of C1q are usually present in such patients.

Urticaria and angioedema may also be a sign of 

systemic disease. Serum sickness and systemic lupus 

erythematosus often present with symptoms of hy-

persensitivity but are accompanied by abundant hypo-

complementenemia.

Vasculitis
9DVFXOLWLV�LV�FKDUDFWHUL]HG�E\�LQÁDPPDWLRQ�RI�WKH�

blood vessels (10). The presence of immunoglobulin 

in the vessel walls is usually accompanied by comple-

ment component C3 and activation products of C3, 

C4, and C5b-9 complex. MAC is present on the sur-

IDFH� RI� HQGRWKHOLDO� FHOOV� DQG� LQÀOWUDWLQJ� QHXWURSKLOV�
and is apparently involved in cell damage and destruc-

WLRQ�YLD�WKH�$UWKXV�UHDFWLRQ��+\SRFRPSOHPHQWLF�XUWL-
carial vasculitis seems to be connected with systemic 

lupus erythematosus (42).

Complement deficiency states
&RPSOHPHQW� GHÀFLHQF\� VWDWHV� DUH� UDUH�� $OO� WKUHH�

pathways and terminal complex formation may be af-

fected. Symptoms of skin disease are mostly present if 

the classical pathway is defective. Most patients have 

a similar clinical picture to systemic or discoid lupus 

erythematosus. The discoid form is mostly accom-

SDQLHG�E\�&�T�DQG�&��GHÀFLHQF\��WKH�V\VWHPLF�IRUP��
KRZHYHU��E\�GHÀFLHQF\�RI�&�T��&�U��&���&���DQG�&���
$PRQJ� FRPSOHPHQW� GHÀFLHQFLHV�� D� GHÀFLHQF\� RI�&��
is prevalent (43). An SLE-like syndrome can also be 

VHHQ�LQ�SDWLHQWV�ZLWK�IDFWRU�+�DQG�IDFWRU�,�GHÀFLHQF\��
Basal cell damage and immunoglobulin depositions 

are found in bioptic probes. Serum levels of comple-

ment are low in most patients with the systemic form 

of SLE but not in patients with the discoid form. Pa-

tients with profound hypocomplementemia may also 

present with SLE-related vasculitis. Biopsies of lesions 

show deposits of immunoglobulin, C3, and MAC at 

WKH�GHUPDO�HSLGHUPDO�MXQFWLRQ��$�GHÀFLHQF\�RI�FRP-

plement receptors may be involved in the pathology of 

SLE-like skin diseases. It has been found that patients 

ZLWK�&5��DQG�&5��GHÀFLHQF\�IUHTXHQWO\�SUHVHQW�ZLWK�
D�SLFWXUH�RI�6/(�������&RPSOHPHQW�GHÀFLHQF\�KDV�DOVR�
been described for lichen planus, in which C4 com-

SRQHQW� LV�GHÀFLHQW��DQG�[HURGHUPD�SLJPHQWRVXP�� LQ�
ZKLFK�&��GHÀFLHQF\�LV�SUHVHQW����������

Systemic lupus erythematosus
7KH�SUHVHQFH�RI�YDULRXV�DXWRDQWLERGLHV�LV�VLJQLÀ-

cant for this disease, with anti-nuclear (ANA), anti-

GRXEOH�VWUDQGHG�'1$��DQWL�5R��DQG�DQWL�/D�DQWLERGLHV�
being present in most patients. These may be revealed 

ZLWK�WKH�XVH�RI�WKH�GLUHFW�LPPXQRÁXRUHVFHQFH�WHFK-

Complement in skin diseases
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nique in histological preparations. The involvement of 

complement in the pathogenesis is evident from the 

presence of C1q and C3 joined with IgG, IgA, and IgM 

in immune complexes along the dermal-epidermal 

border. Abundant activation of the classical pathway 

of the complement is frequently present in the serum, 

indicated by very low concentrations of total hemolytic 

FRPSOHPHQW�� ZLWK� RU� ZLWKRXW� HYLGHQFH� RI� GHÀFLHQF\�
of C1q, C2, C4, and sometimes terminal complement 

components (47–51). Concentrations of C3 and C4 in 

serum are lowered, too, at times of exacerbation, be-

cause of their extensive consumption (52). Measure-

ment of the concentration of complement component 

split products such as C3d and C4d may have diagnos-

WLF�YDOXH�����������5HFHQWO\��WKH�LQYROYHPHQW�RI�VHYHUDO�
FRPSOHPHQW�UHFHSWRUV��VXFK�DV�&5���&�E�UHFHSWRU��DQG�
)F�JDPD5,,,��KDV�EHHQ�UHSRUWHG�LQ�WKH�SDWKRJHQHVLV�RI�
the disease (55).

Discoid lupus
&RQJHQLWDO� RU� DFTXLUHG� GHÀFLHQFLHV� RI� FODVVLFDO�

pathway components C1, C2, C3, and C4 are very often 

present with this disease. The disease is closely related 

to SLE but systemic symptoms are mild or absent. Le-

sions are discoid, erythematous, scaling and chronic, 

and sensitive to sunlight.

Partial lipodystrophy  
(Barraquer-Simons syndrome)

7KH�GLVHDVH�LV�FKDUDFWHUL]HG�E\�DQ�XQXVXDO�GLVWULEX-

tion of subcutaneous fat. Patients are born with normal 

fat distribution but in early puberty fat in the extremi-

ties and, in some cases, also in the trunk, disappears 

locally (56). This is followed by increased fat in the face 

and neck after puberty is completed. Visceral fat and 

intramuscular fat deposits are preserved. In patients 

with partial lipodystrophy there is sometimes an asso-

FLDWLRQ�ZLWK�UHQDO�GLVHDVH�������6HFRQGDU\�GHÀFLHQF\�RI�
&��LV�VLJQLÀFDQW�IRU�WKLV�GLVHDVH��/DFN�RI�&��LV�FDXVHG�
by the presence of C3NeF, autoantibody to C3bBb, a 

FRQYHUWDVH�RI�WKH�DOWHUQDWLYH�SDWKZD\��&�1H)�VWDELOL]HV�
this convertase, causing abnormal complement activa-

tion. Levels of serum C3 are low, with normal C2 and 

C4 indicating activation of the alternative pathway.

Psoriasis
Psoriasis is one of the most frequent skin diseases 

in Europe and North America. The etiology of the 

disease is still mysterious. It is a multifactorial disease 

with elements of inheritance, dysfunction of the endo-

crine system, and activation of the immune response 

(16, 58, 59). The keratinocyte biology is important for 

some manifestations of psoriasis. Keratinocytes are 

producers of several complement components, such as 

&���IDFWRU�%��IDFWRU�+��DQG�IDFWRU�,�������7KH\�UHOHDVH�
C7 and C9. They are also a source of several cytokines, 

which are important for the synthesis of complement 

proteins and regulation of their release. It has recently 

been found that TNF alpha increases C9 synthesis and 

thus contributes to the formation of membrane attack 

complex (61). The involvement of cellular immunity 

also seems to be very important. Dendritic cells, T 

cells, NK cells, and neutrophils contribute to the devel-

opment of psoriatic lesions. Activity of the neutrophils 

is increased by complement split products and they re-

OHDVH�LQÁDPPDWRU\�PROHFXOHV�DW�WKH�VLWH�RI�DFWLYDWLRQ��
aggravating the cellular response.

Recurrent cutaneous infections
5HFXUUHQW�FXWDQHRXV�LQIHFWLRQV�DUH�UDUH�LQ�FRPSOH-

PHQW�GHÀFLHQF\��'HÀFLHQF\�RI�IDFWRU�,�DQG�&5��KDYH�
been described as being connected with cutaneous 

LQIHFWLRQ� ����� ����� 6HFRQGDU\� FRPSOHPHQW� GHÀFLHQF\�
more often presents with infected skin lesions (63).

Diagnostic procedures in 
determining the involvement of 
complement in a disease

Diagnosis of complement involvement in the 

pathogenesis of disease is performed by analysis of his-

topathological changes in the skin, serum, or plasma 

(5). Diagnosis follows the principle of gradual inves-

tigation of complement cascade activation and forma-

tion of lytic complexes (64). Biological determination 

of destruction of the target cells (erythrocytes) is still 

the basis of the diagnostic protocol. If cells have been 

destroyed to a major or minor extent in comparison to 

normal control, the system has been activated. If there 

is almost no destruction in vitro, the system is either 

over-activated or defective. Demonstration of split 

products of central components such as C3, C4, and 

C5 now leads to consideration of whether complement 

is really activated. If complement is activated, compo-

nents are cleaved and therefore consumed, there will be 

no formation of lytic complex, and the split products 

(e.g., C3a, C3d/dg, C4d, and C5a) are present in high 

concentrations. If there is a defect of some component 

in the cascade, or if it is non-functional, concentration 

of split products is normal or low. Because there is a 

discontinuance in the cascade, the lytic complex is not 

IRUPHG��DQG�LQ�YLWUR�ZH�DQWLFLSDWH�]HUR�DFWLYLW\�RI�WKH�
complement system (15).

Complement in skin diseases
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We usually use the following tests for comple-

PHQW�WHVWLQJ��WKH�&+���WHVW��DFWLYDWLRQ�RI�WKH�FRPSOH-
PHQW�V\VWHP�E\�WKH�FODVVLFDO�SDWKZD\��E\�����DFWLYLW\���
$3+��� �DFWLYDWLRQ� RI� WKH� FRPSOHPHQW� V\VWHP� E\� WKH�
DOWHUQDWLYH�SDWKZD\��E\�����DFWLYLW\���WKH�DFWLYDWLRQ�RI�
the mannan pathway with determination of MBL (man-

nan-binding lectin) concentration, or with demonstra-

tion of C5b-9 complex after mannan activation of the 

serum with the ELISA test. Concentration of the single 

components of the complement cascade is achieved by 

WKH�FODVVLFDO�5,'��UDGLDO�LPPXQH�GLIIXVLRQ�PHWKRG��RU�
nephelometrically. The concentrations of split products 

DUH�GHWHUPLQHG�E\�VSHFLÀF�(/,6$V��7KH�DFWLYLW\�RI�&��
inhibitor is demonstrated by the colorimetric test.

,I� ELRORJLFDO� DFWLYLW\�RI� WKH� FRPSOHPHQW� �&+���RU�
$3+���RU�ERWK��LV�ORZ�RU�YHU\�ORZ��GHIHFWLYH�IXQFWLRQ�
of some of the components may be suspected. In such 

a case, the presence and function of individual comple-

ment components should be tested, but this is cumber-

some and requires extensive experience.

+RZHYHU�� WKH� LQYROYHPHQW� RI� FRPSOHPHQW� LQ� WKH�
pathogenesis of skin diseases can be investigated ef-

fectively if it is believed that such an approach will be 

RI�EHQHÀW� IRU� WKH�SDWLHQW��&XUUHQWO\�� WULDOV� WR�GLVFRYHU�
therapeutic possibilities of treating complement-depen-

dent disorders in skin diseases are underway (65–69). 

Small inhibitory molecules should interfere with split 

products of complement components such as C5a and 

inhibit their pathological effectiveness, suppressing 

LQÁDPPDWLRQ� DQG� WKH� VHFRQGDU\� LQYROYHPHQW� RI� QHX-

trophils in the development of lesions (69, 70). Target-

ing the complement system is an attractive therapeutic 

SRVVLELOLW\��6SHFLÀF�LQKLELWLRQ�RI�FRPSOHPHQW�DFWLYDWLRQ�
PD\�EORFN�SURLQÁDPPDWRU\�SDWKZD\V�DQG�PHGLDWH�HI-
fector responses in autoimmune, infectious, cardiac, 

and allergic diseases (71).

R EFER ENCES

1. %ODQH\�'-��6HUXP�FRPSOHPHQW�LQ�GHUPDWRORJLF�GLVHDVH��6RXWK�0HG�-�������������±��
��� +HUUPDQQ�:3��>&XUUHQW�LPPXQRORJLFDO�GHYHORSPHQWV�LQ�GHUPDWRORJ\@��+DXWDU]W����������������±���
3. 0RUJDQ�%�� &RPSOHPHQW� DQG� GHUPDWRORJLFDO� GLVHDVH�� ,Q��0RUJDQ�%�� HGLWRU�� &RPSOHPHQW� FOLQLFDO� DVSHFWV� DQG�

UHOHYDQFH�WR�GLVHDVH��/RQGRQ��$FDGHPLF�3UHVV�/LPLWHG��������S�����±���
4. -RUGRQ�5(��'D\�1.��6DPV�:0��-U���*RRG�5$��7KH�FRPSOHPHQW�V\VWHP�LQ�EXOORXV�SHPSKLJRLG��,��&RPSOHPHQW�

DQG�FRPSRQHQW�OHYHOV�LQ�VHUD�DQG�EOLVWHU�ÀXLGV��-�&OLQ�,QYHVW�����������������±���
5. .LUVFK¿QN�0��>'LVRUGHUV�RI� WKH�FRPSOHPHQW�V\VWHP��FOLQLFDO�DVSHFWV�DQG�GLDJQRVLV@��'WVFK�0HG�:RFKHQVFKU��

���������������±����
6. %RV�-'��3DVFK�0&��$VJKDU�66��'HIHQVLQV�DQG�FRPSOHPHQW�V\VWHPV�IURP�WKH�SHUVSHFWLYH�RI�VNLQ�LPPXQLW\�DQG�

DXWRLPPXQLW\��&OLQ�'HUPDWRO����������������±���
��� :RQJ� 00�� *LXGLFH� *-�� )DLUOH\� -$�� $XWRLPPXQLW\� LQ� EXOORXV� SHPSKLJRLG�� *� ,WDO� 'HUPDWRO� 9HQHUHRO��

���������������±���
8. 6LWDUX�&��=LOOLNHQV�'��0HFKDQLVPV�RI�EOLVWHU�LQGXFWLRQ�E\�DXWRDQWLERGLHV��([S�'HUPDWRO�����������������±���
��� )HOLFLDQL�&��7RWR�3��$PHULR�3��,Q�YLWUR�&��P51$�H[SUHVVLRQ�LQ�SHPSKLJXV�YXOJDULV��FRPSOHPHQW�DFWLYDWLRQ�LV�

LQFUHDVHG�E\�,/��DOSKD�DQG�71)�DOSKD��-�&XWDQ�0HG�6XUJ���������������±��
���� ;X�/<��(VSDU]D�(0��$QDGNDW�0-��&URQH�.*��%UDVLQJWRQ�5'��&XWDQHRXV�PDQLIHVWDWLRQV�RI�YDVFXOLWLV��6HPLQ�

$UWKULWLV�5KHXP����������������±���
11. .XOWKDQDQ�.��&KHHSVRPVRQJ�0�� -LDPWRQ� 6��8UWLFDULDO� YDVFXOLWLV�� HWLRORJLHV� DQG� FOLQLFDO� FRXUVH��$VLDQ� 3DF� -�

$OOHUJ\�,PPXQRO�����������±�����±����
���� 7DSSHLQHU�*��,PPXQRGH¿FLHQF\�DQG�FRPSOHPHQW�GH¿FLHQF\�VWDWHV��&XUU�3UREO�'HUPDWRO�������������±��
13. ,FKLNDZD�(��)XUXWD�-��.DZDFKL�<��,PDNDGR�6��2WVXND�)��+HUHGLWDU\�FRPSOHPHQW��&���GH¿FLHQF\�DVVRFLDWHG�ZLWK�

GHUPDWRP\RVLWLV��%U�-�'HUPDWRO������������������±��
14. *UXPDFK�$6��/HLWDR�0)��$UUXN�9*��.LUVFK¿QN�0��&RQGLQR�1HWR�$��5HFXUUHQW�LQIHFWLRQV�LQ�SDUWLDO�FRPSOHPHQW�

IDFWRU�,�GH¿FLHQF\��HYDOXDWLRQ�RI�WKUHH�JHQHUDWLRQV�RI�D�%UD]LOLDQ�IDPLO\��&OLQ�([S�,PPXQRO�����������������±����
15. 6SHWK�&��:XU]QHU�5��6WRLEHU�+��'LHULFK�03��7KH�FRPSOHPHQW�V\VWHP��SDWKRSK\VLRORJ\�DQG�FOLQLFDO�UHOHYDQFH��

:LHQ�.OLQ�:RFKHQVFKU������������������±���
16. )OHPLQJ�&-��+ROPH�(5��0DFNLH�50��6\VWHPLF�FRPSOHPHQW�DFWLYDWLRQ�LQ�SVRULDVLV�YXOJDULV��&OLQ�([S�'HUPDWRO��

��������������±��
���� +HLPEDFK�/��/L�1��'LD]�$��/LX�=��([SHULPHQWDO�DQLPDO�PRGHOV�RI�EXOORXV�SHPSKLJRLG��*�,WDO�'HUPDWRO�9HQHUHRO��

���������������±���
18. /DSLHUH� -&��*XLWDUW� -��(WWOLQ�'$��&KHQ�'0��$PDJDL�0��&KDQ�/6��3UHIHUHQWLDO� DFWLYDWLRQ� RI� WKH� FRPSOHPHQW�

V\VWHP�LQ�WKH�ORZHU�HSLGHUPLV�RI�SDWLHQWV�ZLWK�SHPSKLJXV�YXOJDULV��%U�-�'HUPDWRO�����������������±��
���� 'H$PLFLV�7��0R¿G�0=��&RKHQ�%��1RXVDUL�+&��+\SRFRPSOHPHQWHPLF�XUWLFDULDO�YDVFXOLWLV��UHSRUW�RI�D����\HDU�

ROG�JLUO�ZLWK�V\VWHPLF�OXSXV�HU\WKHPDWRVXV��-�$P�$FDG�'HUPDWRO������������6XSSO��6���±��

Complement in skin diseases



10

R e v i e w

Acta Dermatoven APA Vol 20, 2011, No 1

���� /LX�=��*LXGLFH�*-��=KRX�;��6ZDUW]�6-��7UR\�-/��)DLUOH\�-$��HW�DO��$�PDMRU�UROH�IRU�QHXWURSKLOV�LQ�H[SHULPHQWDO�
EXOORXV�SHPSKLJRLG��-�&OLQ�,QYHVW������������������±���

���� /HVVH\� (�� /L� 1�� 'LD]� /�� /LX� =�� &RPSOHPHQW� DQG� FXWDQHRXV� DXWRLPPXQH� EOLVWHULQJ� GLVHDVHV�� ,PPXQRO� 5HV��
��������������±���

���� 0DR� ;�� 6DQR� <�� 3DUN� -�� 3D\QH� $��0$3.� DFWLYDWLRQ� LV� GRZQVWUHDP� RI� WKH� ORVV� RI� LQWHUFHOOXODU� DGKHVLRQ� LQ�
SHPSKLJXV�YXOJDULV��-�%LRO�&KHP�����������������

���� .DZDQD�6��*HRJKHJDQ�:'��-RUGRQ�5(��1LVKL\DPD�6��'HSRVLWLRQ�RI�WKH�PHPEUDQH�DWWDFN�FRPSOH[�RI�FRPSOHPHQW�
LQ�SHPSKLJXV�YXOJDULV�DQG�SHPSKLJXV�IROLDFHXV�VNLQ��-�,QYHVW�'HUPDWRO����������������±���

���� 1DPD]L�05�� )DOODK]DGHK�0.�� 6KDJKHODQL�+��.DPDOL�6DUYHVWDQL� (��0DUNHG� HOHYDWLRQ� RI� VHUXP�PDFURSKDJH�
PLJUDWLRQ�LQKLELWRU\�IDFWRU�OHYHOV�LQ�SDWLHQWV�ZLWK�SHPSKLJXV�YXOJDULV��,QW�-�'HUPDWRO����������������±��

���� /LX�=��6KDSLUR�6'��=KRX�;��7ZLQLQJ�66��6HQLRU�50��*LXGLFH�*-��HW�DO��$�FULWLFDO�UROH�IRU�QHXWURSKLO�HODVWDVH�LQ�
H[SHULPHQWDO�EXOORXV�SHPSKLJRLG��-�&OLQ�,QYHVW�����������������±���

���� =KDR�0��7ULPEHJHU�0(��/L�1��'LD]�/$��6KDSLUR�6'��/LX�=��5ROH�RI�)F5V�LQ�DQLPDO�PRGHO�RI�DXWRLPPXQH�EXOORXV�
SHPSKLJRLG��-�,PPXQRO������������������±����

���� 6FKPLGW�(��%DVWLDQ�%��'XPPHU�5��7RQ\�+3��%URFNHU�(%��=LOOLNHQV�'��'HWHFWLRQ�RI�HOHYDWHG�OHYHOV�RI�,/����,/����
DQG�,/����LQ�EOLVWHU�ÀXLG�RI�EXOORXV�SHPSKLJRLG��$UFK�'HUPDWRO�5HV�����������������±��

���� &LDQFKLQL�*��0DVLQL�&��/XSL�)��&RURQD�5��'H�3LWD�2��3XGGX�3��6HYHUH�SHUVLVWHQW�SHPSKLJRLG�JHVWDWLRQLV��ORQJ�
WHUP�UHPLVVLRQ�ZLWK�ULWX[LPDE��%U�-�'HUPDWRO�����������������±��

���� &RER�0)��6DQWL�&*��0DUXWD�&:��$RNL�9��3HPSKLJRLG�JHVWDWLRQLV��FOLQLFDO�DQG�ODERUDWRU\�HYDOXDWLRQ��&OLQLFV��6DR�
3DXOR�������������������±��

���� 6HPNRYD�.��%ODFN�0��3HPSKLJRLG�JHVWDWLRQLV��FXUUHQW� LQVLJKWV� LQWR�SDWKRJHQHVLV�DQG� WUHDWPHQW��(XU� -�2EVWHW�
*\QHFRO�5HSURG�%LRO�����������������±���

31. 6KRUQLFN�-.��$UWOHWW�&0��-HQNLQV�5(��%ULJJV�'&��:HOVK�.,��*DUYH\�03��HW�DO��&RPSOHPHQW�SRO\PRUSKLVP�LQ�
KHUSHV�JHVWDWLRQLV��DVVRFLDWLRQ�ZLWK�&��QXOO�DOOHOH��-�$P�$FDG�'HUPDWRO����������������±��

���� 0RKDPPHG�,��+ROERURZ�(-��)U\�/��7KRPSVRQ�%5��+RIIEUDQG�$9��6WHZDUW�-6��0XOWLSOH�LPPXQH�FRPSOH[HV�DQG�
K\SRFRPSOHPHQWDHPLD�LQ�GHUPDWLWLV�KHUSHWLIRUPLV�DQG�FRHOLDF�GLVHDVH��/DQFHW������������������±���

33. 3UHLV]� .�� 6DUG\� 0�� +RUYDWK� $�� .DUSDWL� 6�� ,PPXQRJOREXOLQ�� FRPSOHPHQW� DQG� HSLGHUPDO� WUDQVJOXWDPLQDVH�
GHSRVLWLRQ�LQ�WKH�FXWDQHRXV�YHVVHOV�LQ�GHUPDWLWLV�KHUSHWLIRUPLV��-�(XU�$FDG�'HUPDWRO�9HQHUHRO���������������±��

34. *LJOL�,��6FKRWKRUVW�$$��6RWHU�1$��3DWKDN�0$��(U\WKURSRLHWLF�SURWRSRUSK\ULD��3KRWRDFWLYDWLRQ�RI�WKH�FRPSOHPHQW�
V\VWHP��-�&OLQ�,QYHVW����������������±���

35. 6WDSHOEHUJ�03��:LOOLDPV�5%��%\UQH�61��+DOOLGD\�*0��7KH�DOWHUQDWLYH�FRPSOHPHQW�SDWKZD\�VHHPV�WR�EH�D�89$�
VHQVRU�WKDW�OHDGV�WR�V\VWHPLF�LPPXQRVXSSUHVVLRQ��-�,QYHVW�'HUPDWRO�������������������±����

36. *UHDYHV�0:��7DQ�.7��&KURQLF�XUWLFDULD��UHFHQW�DGYDQFHV��&OLQ�5HY�$OOHUJ\�,PPXQRO�����������±������±���
���� =DPLUL�0��-XU\�&6��'DZH�56��2¶1HLOO�6��'RXJODV�:6��5HDFWLYLW\�WR�DXWRORJRXV�VHUXP�VNLQ�WHVW�DQG�UHODWLRQVKLS�

ZLWK�FRPSOHPHQW�OHYHOV�LQ�FKURQLF�LGLRSDWKLF�XUWLFDULD�DQG�DQJLR�RHGHPD��&OLQ�([S�'HUPDWRO����������������±���
38. 0DUVODQG�$0��$XWRLPPXQLW\�DQG�FRPSOHPHQW�LQ�WKH�SDWKRJHQHVLV�RI�FKURQLF�XUWLFDULD��&XUU�$OOHUJ\�$VWKPD�

5HS���������������±��
���� 2QR�+��.DZDJXFKL�+��,VKLL�1��1DNDMLPD�+��$�SRLQW�PXWDWLRQ�LQ�H[RQ���RI�WKH�&��LQKLELWRU�JHQH�FDXVLQJ�W\SH�,�

KHUHGLWDU\�DQJLRHGHPD��+XP�*HQHW����������������±��
���� /LSVFRPEH�7.��2UWRQ�',��%LUG�$*��:LONLQVRQ�-'��$FTXLUHG�&��HVWHUDVH�LQKLELWRU�GH¿FLHQF\��WKUHH�FDVH�UHSRUWV�

DQG�FRPPHQWDU\�RQ�WKH�V\QGURPH��$XVWUDODV�-�'HUPDWRO����������������±��
41. %RUN� .�� +HUHGLWDU\� DQJLRHGHPD� ZLWK� QRUPDO� &�� LQKLELWRU� DFWLYLW\� LQFOXGLQJ� KHUHGLWDU\� DQJLRHGHPD� ZLWK�

FRDJXODWLRQ�IDFWRU�;,,�JHQH�PXWDWLRQV��,PPXQRO�$OOHUJ\�&OLQ�1RUWK�$P����������������±���
���� $\GRJDQ�.��.DUDGRJDQ�6.��$GLP�6%��7XQDOL�6��+\SRFRPSOHPHQWHPLF�XUWLFDULDO�YDVFXOLWLV��D�UDUH�SUHVHQWDWLRQ�

RI�V\VWHPLF�OXSXV�HU\WKHPDWRVXV��,QW�-�'HUPDWRO�����������������±���
43. 6WRQH�10��:LOOLDPV�$��:LONLQVRQ�-'��%LUG�*��6\VWHPLF�OXSXV�HU\WKHPDWRVXV�ZLWK�&�T�GH¿FLHQF\��%U�-�'HUPDWRO��

���������������±��
44. 6FKZDUW]� 5�� &RPSOHPHQW� 5HFHSWRU� 'H¿FLHQF\�� ����� >FLWHG� ����� 0DU� �@�� $YDLODEOH� IURP�� KWWS���HPHGLFLQH�

PHGVFDSH�FRP�DUWLFOH���������RYHUYLHZ
45. 6XQ�$��:X�<&��/LDQJ�/&��.ZDQ�+:��6HUXP�LPPXQRJOREXOLQV��FRPSOHPHQWV�DQG�FLUFXODWLQJ�LPPXQH�FRPSOH[HV�

LQ�RUDO�OLFKHQ�SODQXV��=KRQJKXD�0LQ�*XR�:HL�6KHQJ�:X�-L�0LDQ�<L�;XH�=D�=KL���������������±���
46. *LUDOGR�*��'HJRV�/��%HWK�(��6DVSRUWHV�0��0DUFHOOL�$��*KDUEL�5��HW�DO��&��GH¿FLHQF\�LQ�D�IDPLO\�ZLWK�[HURGHUPD�

SLJPHQWRVXP��/DFN�RI�OLQNDJH�WR�WKH�+/$�UHJLRQ��&OLQ�,PPXQRO�,PPXQRSDWKRO���������������±���
���� 2ULKDUD� 7�� 7VXFKL\D� .�� <DPDVDNL� 6�� )XUX\D� 7�� 6HOHFWLYH� &�T� GH¿FLHQF\� LQ� D� SDWLHQW� ZLWK� V\VWHPLF� OXSXV�

HU\WKHPDWRVXV��%U�-�'HUPDWRO�����������������±���
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48. +XQ]LNHU�7��0ROOQHV�7(��0LVLDQR�*��6SDWK�3-��&RPSOHPHQW�LQ�FKURQLF�FXWDQHRXV�OXSXV�HU\WKHPDWRVXV��%U�-�
'HUPDWRO�����������������±��

���� 0DUNH\� $&�� 0DF'RQDOG� '0�� 6\VWHPLF� OXSXV� HU\WKHPDWRVXV� ZLWK� FRPSOHPHQW� GH¿FLHQF\� DQG� ,J$� DQWL�
FDUGLROLSLQ�DQWLERG\��%U�-�'HUPDWRO�����������������±��

���� 2FKRQLVN\�6��,QWUDWRU�/��:HFKVOHU�-��5HYX]�-��%DJRW�0��$FTXLUHG�&��LQKLELWRU�GH¿FLHQF\�UHYHDOLQJ�V\VWHPLF�
OXSXV�HU\WKHPDWRVXV��'HUPDWRO�����������������±��

51. 'DUOLQJ�0��3ULFH�0/��&��LQKLELWRU�GH¿FLHQF\��&OLQ�([S�'HUPDWRO����������������±��
���� %XUURZV�13��:DOSRUW�0-��+DPPRQG�$+��'DYH\�1��-RQHV�55��/XSXV�HU\WKHPDWRVXV�SURIXQGXV�ZLWK�SDUWLDO�&��

GH¿FLHQF\�UHVSRQGLQJ�WR�WKDOLGRPLGH��%U�-�'HUPDWRO����������������±��
53. /LX�&&��.DR�$+��+DZNLQV�'0��0DQ]L�6��6DWWDU�$��:LOVRQ�1��HW�DO��/\PSKRF\WH�ERXQG�FRPSOHPHQW�DFWLYDWLRQ�

SURGXFWV�DV�ELRPDUNHUV�IRU�GLDJQRVLV�RI�V\VWHPLF�OXSXV�HU\WKHPDWRVXV��&OLQ�7UDQVO�6FL���������������±��
54. 0DQ]L�6��1DYUDWLO�-6��5XI¿QJ�0-��/LX�&&��'DQFKHQNR�1��1LOVRQ�6(��HW�DO��0HDVXUHPHQW�RI�HU\WKURF\WH�&�G�

DQG�FRPSOHPHQW�UHFHSWRU���LQ�V\VWHPLF�OXSXV�HU\WKHPDWRVXV��$UWKULWLV�5KHXP������������������±����
55. 7DXVN�)��+DUSVWHU�(��*LJOL�,��7KH�H[SUHVVLRQ�RI�&�E�UHFHSWRUV�LQ�WKH�GLIIHUHQWLDWLRQ�RI�GLVFRLG�OXSXV�HU\WKHPDWRVXV�

DQG�V\VWHPLF�OXSXV�HU\WKHPDWRVXV��$UWKULWLV�5KHXP����������������±���
56. YDQ� *UHHYHQEURHN�00�� 7KH� H[SDQGLQJ� UROH� RI� FRPSOHPHQW� LQ� DGLSRVH� WLVVXH� PHWDEROLVP� DQG� OLSRSURWHLQ�

IXQFWLRQ��&XUU�2SLQ�/LSLGRO����������������±��
���� /HQDQH�3��0XUSK\�*��3DUWLDO�OLSRG\VWURSK\�DQG�UHQDO�GLVHDVH��&OLQ�([S�'HUPDWRO����������������±��
58. 7HUXL� 7�� ,VKLL� .�� 2]DZD� 0�� 7DEDWD� 1�� .DWR� 7�� 7DJDPL� +�� &�� SURGXFWLRQ� RI� FXOWXUHG� KXPDQ� HSLGHUPDO�

NHUDWLQRF\WHV� LV� HQKDQFHG� E\� ,)1JDPPD� DQG� 71)DOSKD� WKURXJK� GLIIHUHQW� SDWKZD\V�� -� ,QYHVW� 'HUPDWRO��
��������������±��

���� .DQVN\� $�� HGLWRU�� >6NLQ� GLVHDVHV� DQG� VH[XDOO\�WUDQVPLWWHG� GLVHDVHV@�� /MXEOMDQD�� =GUXåHQMH� VORYHQVNLK�
GHUPDWRYHQHURORJRY��������6ORYHQLDQ�

���� 7LPDU�..��-XQQLNNDOD�6��'DOORV�$��-DUYD�+��%KXL\DQ�=$��0HUL�6��HW�DO��+XPDQ�NHUDWLQRF\WHV�SURGXFH� WKH�
FRPSOHPHQW�LQKLELWRU�IDFWRU�,��6\QWKHVLV�LV�UHJXODWHG�E\�LQWHUIHURQ�JDPPD��0RO�,PPXQRO������������������±��

61. 7LPDU�..��'DOORV�$��.LVV�0��+XV]�6��%RV�-'��$VJKDU�66��([SUHVVLRQ�RI�WHUPLQDO�FRPSOHPHQW�FRPSRQHQWV�E\�
KXPDQ�NHUDWLQRF\WHV��0RO�,PPXQRO������������������±���

���� &DUWHU� &5��:KLWFRPE� -3�� &DPSEHOO� -$�� 0XNEHO� 50��0F'RZHOO� 0$�� &RPSOHPHQW� UHFHSWRU� �� GH¿FLHQF\�
LQÀXHQFHV� OHVLRQ� SURJUHVVLRQ� GXULQJ� /HLVKPDQLD� PDMRU� LQIHFWLRQ� LQ� %$/%�F� PLFH�� ,QIHFW� ,PPXQ��
����������������±���

63. /HH�:,��.XR�0/��+XDQJ�-/��/LQ�6-��:X�&-��'LVWULEXWLRQ�DQG�FOLQLFDO�DVSHFWV�RI�SULPDU\�LPPXQRGH¿FLHQFLHV�LQ�
D�7DLZDQ�SHGLDWULF�WHUWLDU\�KRVSLWDO�GXULQJ�D����\HDU�SHULRG��-�&OLQ�,PPXQRO����������������±���

64. .RWQLN� 9�� .LUVFK¿QN� 0�� >+RZ� WR� UHFRJQL]H� GLVWXUEDQFHV� LQ� FRPSOHPHQW� V\VWHP� IXQFWLRQ�@� =GUDY� 9HVWQ��
��������������±����

65. )XQD\DPD�+��+XDQJ�/�� 6DWR� 7��2KWDNL�<��$VDGD�<��<RNRFKL� 7�� HW� DO�� 3KDUPDFRORJLFDO� FKDUDFWHUL]DWLRQ� RI�
DQDSK\OD[LV�OLNH�VKRFN�UHVSRQVHV�LQGXFHG�LQ�PLFH�E\�PDQQDQ�DQG�OLSRSRO\VDFFKDULGH��,QW�,PPXQRSKDUPDFRO��
���������±��������±���

66. 7RNRGDL�.��*RWR�0��,PXUD�7��2JDZD�1��)XMLPRUL�.��.XURNDZD�<��HW�DO��&�D�LQKLELWRU\�SHSWLGH�FRPELQHG�ZLWK�
JDEH[DWH�PHVLODWH� LV�D�FOLQLFDOO\�DYDLODEOH�FDQGLGDWH�IRU�SUHYHQWLQJ�WKH�LQVWDQW�EORRG�PHGLDWHG�LQÀDPPDWRU\�
UHDFWLRQ��7UDQVSODQW�3URF���������������±��

���� 6DQJDQHH�+-��%D[WHU�$��%DUEHU�6��%URZQ�$-��*ULFH�'��+XQW�)��HW�DO��'LVFRYHU\�RI�VPDOO�PROHFXOH�KXPDQ�&�D�
UHFHSWRU�DQWDJRQLVWV��%LRRUJ�0HG�&KHP�/HWW�����������������±��

68. 6KRUW�$��:RQJ�$��)LQFK�$��+DDLPD�*��6KLHOV�,��)DLUOLH�'��HW�DO��(IIHFWV�RI�D�QHZ�&�D�UHFHSWRU�DQWDJRQLVW�RQ�
&�D��DQG�HQGRWR[LQ�LQGXFHG�QHXWURSHQLD�LQ�WKH�UDW��%U�-�3KDUPDFRO�����������������±��

���� .RKO�-��'UXJ�HYDOXDWLRQ��WKH�&�D�UHFHSWRU�DQWDJRQLVW�30;�����&XUU�2SLQ�0RO�7KHU���������������±���
���� )OHLVLJ�$-��9HUULHU�('��3H[HOL]XPDE��D�&��FRPSOHPHQW�LQKLELWRU�IRU�XVH�LQ�ERWK�DFXWH�P\RFDUGLDO�LQIDUFWLRQ�DQG�

FDUGLDF�VXUJHU\�ZLWK�FDUGLRSXOPRQDU\�E\SDVV��([SHUW�2SLQ�%LRO�7KHU���������������±��
���� .DSODQ�0��(FXOL]XPDE��$OH[LRQ���&XUU�2SLQ�,QYHVWLJ�'UXJV����������������±���
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