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Anti-C1q autoantibodies amplify  
pathogenic complement activation  
in systemic lupus erythematosus

V. Michael Holers
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Patients with systemic lupus erythematosus (SLE) often develop 
glomerulonephritis (i.e., inflammation in the glomeruli of the kidney), 
commonly referred to as lupus nephritis. Patients with lupus nephritis 
typically have autoantibodies to the complement classical pathway protein 
C1q. Whether these anti-C1q antibodies play any role in the development of 
lupus nephritis has been unclear. In this issue of the JCI, a new study dem-
onstrates that anti-C1q antibodies can amplify glomerular injury but only 
when they are bound within the glomerulus to C1q that has been already 
brought to that site by other types of glomerular-reactive autoantibodies 
(see the related article beginning on page 679). These studies are the first, 
to our knowledge, to provide a causal link between anti-C1q antibodies and 
target organ damage in SLE.

The complement system is a central com-
ponent of innate immunity that exhibits 
three pathways of activation: classical, alter-
native, and lectin-mediated. C1, a key com-
ponent of the classical pathway, is actually 
a complex of three proteins: C1q, C1r, and 
C1s (1). C1q is a collagen-like component 
that is able to bind antibodies but only after 
the antibody has been bound to a foreign or 
self antigen. Once C1q is bound to the Fc 
antibody domain, C1r and C1s are sequen-
tially cleaved and released, after which the 
rest of the classical pathway is activated. 
Immune complexes normally contain C1q 
bound via its “head” domains to Fc regions 
of IgG as part of the activation function of 
C1q within the classical pathway (1) (Fig-
ure 1). An alternate means of binding C1q, 
though, has also been described; it occurs 
when high-affinity autoantibodies directly 
recognize the collagenous “tail” portion 
of C1q through the antibody F(ab) anti-
gen-combining sites rather than via the 
Fc domain. Since they were first described 
(2, 3), anti-C1q autoantibodies have been 
commonly identified in patients with auto-
immune diseases such as systemic lupus 
erythematosus (SLE) and hypocomple-

mentemic urticarial vasculitis. Although 
anti-C1q antibodies are associated with 
the presence of lupus nephritis — indeed 
probably serving as a biomarker for the 
presence of renal disease (4) — and anti-
C1q antibodies are also preferentially local-
ized in the glomeruli of patients with SLE 
(5), their pathophysiologic importance has 
remained undefined. Specifically, wheth-
er this class of acquired autoantibodies 
is merely an epiphenomenon or is truly 
pathogenic, and if so how and under what 
clinical circumstances, has remained an 
unanswered question.

Anti-C1q autoantibodies  
are pathogenic
In this issue of the JCI, Trouw et al. (6) 
have now solved an important piece of 
this puzzle by first developing a murine 
mAb, JL-1, which was identified by ELISA 
based on its ability to recognize the tail 
domain of mouse C1q. When anti-C1q  
JL-1 was administered alone, it was bound 
in the glomerulus to C1q, which is nor-
mally present there at low levels; however, 
this interaction was insufficient to induce 
significant glomerular damage (Figure 1A). 
However, when JL-1 was administered to 
mice in which C1q levels in the glomerulus 
were greatly elevated as a consequence of 
its interaction with other antibodies with 
specificity for glomerular antigens, mice 
then exhibited significant glomerular inju-
ry as shown by decreased renal function 

and elevated “leakage” of protein into the 
urine (6) (Figure 1B).

The combination of the first glomerular-
binding antibody and JL-1 caused 
glomerular injury in a complement C4–, 
C3–, and Fc–dependent manner, reflecting 
a key role of the classical pathway itself in 
the generation of C3a, C5a, and the mem-
brane attack complex (MAC). These down-
stream complement activation fragments 
are key mediators of complement-catalyzed 
autoimmune renal injury (7) (Figure 1B). 
In the setting described by Trouw et al., 
these complement mediators were prob-
ably generated by both types of antibod-
ies, the initial glomerular-targeting anti-
bodies as well as mAb JL-1. Together, the 
two types of antibodies generated enough 
mediators to be clinically important and 
cause glomerular injury in vivo. What do 
these results tell us about the role of C1q 
in SLE and also about this intriguing class 
of acquired autoantibodies?

First, one has to ask whether the lone 
monoclonal antibody, JL-1, utilized in this 
study (6) to amplify glomerular injury is 
representative of the polyclonal popula-
tion of C1q-reactive antibodies in human 
patients. It could be argued, as is well 
known in murine models, that placement 
of a “planted antigen” (herein possibly 
C1q) in the glomerulus followed by admin-
istration of a complement-fixing antibody 
that targets the antigen in situ readily leads 
to complement-dependent injury (8). The 
model system utilized by Trouw et al. (6) 
simply recapitulates this phenotype but in 
a clinically unrelated fashion. In addition, 
as pointed out by the authors, previous 
experiments in mice using glomerular-
targeting antibodies also demonstrate 
dose-dependent “windows,” in which the 
injurious effects of complement activa-
tion are more prominent than at higher or 
lower doses of antibody (9). In this light, 
the use by the authors of a broad range 
of doses (of each reagent, the C1q-fixing 
anti-glomerular basement membrane anti-
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body, and JL-1) would show how narrow 
the effect of the addition of monoclonal 
anti-C1q antibody on the development of 
glomerular injury is.

However, in support of a close relation-
ship between these findings in mice and 
SLE-associated lupus nephritis in humans, 
JL-1 is reported to recognize the same colla-
gen-like domain of C1q as do human anti-
C1q antibodies (2, 3, 6). In addition, previ-
ous studies in which C1q and polyclonal 
anti-C1q antibodies were both transferred 
into mice resulted in glomerular target-
ing of anti-C1q antibodies (10) as well as 
modest glomerular damage (11) similar 
to that caused by mAb JL-1 alone in the 
study by Trouw et al. (6). Nevertheless, a 
stronger link with human disease may be 

provided by a more careful comparison of 
the specific epitope reactivity of JL-1 and 
authentic autoantibodies from patients 
with glomerulonephritis. For example, is 
there evidence of cross-competition for 
C1q epitopes between human polyclonal 
anti-C1q autoantibodies and JL-1?

Anti-C1q antibodies increase 
complement activation  
in a relatively uncontrolled fashion
The complement system itself is regulated 
positively by amplification mechanisms 
(12) and negatively by regulatory proteins 
(13). At each activation step, a small amount 
of activated product can lead to the genera-
tion of from four to several thousand acti-
vated components derived from the imme-

diate downstream target (1). The alternative 
pathway demonstrates an “amplification 
loop” effect, where C3b generated from the 
classical pathway can serve to bind factor B 
and initiate further C3 activation through 
formation of the C3 convertase C3bBb (12) 
(Figure 2). Although often thought of as 
a minor contributor to total complement 
activation — which is true if one considers 
only serum activation — amplification of 
injury in a target organ through engage-
ment of the alternative pathway, amplify-
ing injury in a target organ, is absolutely 
essential to the generation of local C5a- and 
MAC-dependent injury (14, 15).

This concept is relevant to anti-C1q 
antibodies because the studies of Trouw 
et al. (6) strongly suggest that these 

Figure 1
Roles of anti-C1q antibodies in the development of glomerular injury and antinuclear antibodies. (A) Anti-C1q antibodies (in yellow) such as JL-1 
recognize the collagen-like “tails” of C1q in much the same manner as they would recognize any antigen through the F(ab) antigen-recognition 
domain. The administration of C1q and anti-C1q is not sufficient to cause glomerular injury as shown by Trouw et al. (6). However, when C1q-
fixing anti-glomerular basement membrane (GBM) antibodies (in green) are first administered to mice, then C1q is able to bind to the Fc domain 
as it normally does. This brings anti-C1q antibodies into the glomerulus, resulting in sufficient complement activation to result in the generation 
of C3a, C5a, and MAC and the development of glomerulonephritis (B). As an alternate means by which anti-C1q antibodies could promote 
lupus-like autoimmunity, these antibodies could interfere with the normal ability of C1q to recognize apoptotic bodies containing DNA and other 
nuclear autoantigens (C). In this scenario, impaired clearance of apoptotic bodies, or clearance in a proinflammatory setting due to complement 
activation caused by the anti-C1q antibodies, could promote the development of autoantibodies that target DNA and other nuclear antigens, 
which is similar to what occurs when C1q is absent due to a genetic deficiency.
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autoantibodies likewise serve as an acquired 
mechanism of classical pathway amplifica-
tion. Previously, the only means to amplify 
the classical pathway beyond what is possi-
ble through endogenous classical pathway 
components has been with C4-nephritic 
factor. This type of autoantibody, occa-
sionally found in patients, stabilizes the 
classical pathway C3 convertase C4b2a 
and allows this convertase to generate far 
more activated C3 molecules than it nor-
mally would (16). Trouw et al. demonstrate 
that anti-C1q autoantibodies can result 
in a similarly amplified biologic effect of 
complement in vivo locally in the kidney, 
presumably by generating additional C3 
through the classical pathway. In this light, 
it would be of some interest to determine 
the exact mechanism by which the classical 
pathway is amplified by JL-1 and whether 
this antibody interferes with other classical 
pathway regulatory mechanisms.

Additional deleterious roles 
potentially played  
by anti-C1q autoantibodies
In the larger context of lupus-like autoim-
munity, C1q has taken on an increasingly 
important role and is necessary not only 
for classical pathway–dependent comple-
ment activation in target organs, as focused 
upon by Trouw et al. in this issue (6), but 
is also required to directly recognize and 
help to clear potentially dangerous nuclear 
autoantigens from apoptotic cells (17). 
Thus, in patients (18) and in certain auto-

Figure 2
Simplified schematic demonstrating mechanisms of activation of classical and alternative path-
ways and generation of C3 convertases (light blue). The alternative pathway C3 convertase 
(green box) can be generated by the activity of the classical pathway C3 convertase C4b2a 
(yellow box) on C3, which results in C3b formation. This is called the alternative pathway ampli-
fication loop. In patients with C4 nephritic factors, autoantibodies react with the complex of 
C4b2a and keep it from being inactivated, thus generating more C3b than would normally 
occur. C3b* in the alternative pathway can originate from C3b generated by the classical path-
way C3 convertase C4b2a.

immune mouse strains (19), the absence of 
C1q leads to the development of anti-DNA 
antibodies and SLE. Of interest, C1q-defi-
cient patients commonly exhibit severe 
renal disease (18), the cause of which has 
been ascribed to non–complement-depen-
dent mechanisms, as C3 is not required in 
mice to develop glomerular injury in the 
absence of C1q (20).

In this context of multiple roles for 
C1q, one could hypothesize that anti-C1q 
autoantibodies not only affect patients 
with SLE by injuring the kidney, as sug-
gested by Trouw et al. (6), but also by 
enhancing the development of anti-DNA 
and other glomerular-targeting nuclear 
autoantibodies, because there is too little 
C1q available for effective clearance of these 
dangerous antigens (Figure 1C). Thus, these 
autoantibodies would not only amplify local 
injury but also potentially accelerate the 
development of antinuclear autoantibodies 
by interfering with C1q clearance functions 
(21). Alternatively, if these autoantibodies 
also lead to enhanced complement activa-
tion at sites where C1q is recognizing nucle-
ar antigens, this could in principle switch 
noninflammatory recognition of apoptotic 
bodies by C1q and its receptors to inflam-
matory recognition when C5a and other 
complement activation fragments are also 
generated, and their receptors are engaged 
on cells clearing these antigens.

In sum, acquired anti-C1q autoantibodies 
could utilize several possible mecha-
nisms by which they could increase the 

severity of an autoimmune response and 
glomerulonephritis. The studies by Trouw 
et al. (6) provide an important conceptual 
advance in this area and open up the possi-
bility of determining how inhibiting C1q or 
modulating its effects leads to severe SLE. In 
particular, the use of JL-1 and similar mono-
clonal antibodies in mouse models should 
allow these and other investigators to better 
understand the molecular mechanisms that 
lead both to increased development of anti-
DNA antibodies and to tissue injury.
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Stat3 is required for the development  
of skin cancer
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Signal transducer and activator of transcription 3 (Stat3) is a transcription fac-
tor that is constitutively activated in a variety of human malignancies, includ-
ing prostate, lung, brain, breast, and squamous cell carcinomas. Inhibition of 
activated Stat3 leads to decreased proliferation and apoptosis of many cancer-
derived cell lines, while the introduction of a constitutively activated form of 
Stat3 into immortalized human breast epithelial cells and rodent fibroblasts 
results in cellular transformation. Collectively, these data suggest a role for 
Stat3 in oncogenesis. A new study from Chan et al. (see related article begin-
ning on page 720) is the first to demonstrate a requirement for Stat3 in de 
novo epithelial carcinogenesis in vivo. Using the two-step model of chemically 
induced skin carcinogenesis, the authors demonstrated that mice deficient in 
Stat3 were completely resistant to skin tumor development.

Nonstandard abbreviations used: DMBA, 7,12-
dimethylbenz[a]anthracene; Ha-ras, Harvey rat sarcoma 
virus oncogene; JAK, Janus kinase; LRC, label-retaining 
cell; RTK, receptor tyrosine kinase; SH2, src homology 
domain 2; Stat3, signal transducer and activator of tran-
scription 3; TPA, 12-O-tetradecanoylphorbol-13-acetate; 
v-Ha-ras, Ha-ras homolog.
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Stat’s (signal transducers and activa-
tors of transcription) are a family of 
latent transcription factors that are acti-
vated in response to many cytokines and 
growth factors. Stat activation is depen-
dent upon tyrosine phosphorylation, 
which induces dimerization via reciprocal 
phosphotyrosine–src homology domain 
2 (phosphotyrosine–SH2) interaction 
between two Stat molecules. Activated Stat’s 
translocate to the nucleus where they bind 
to consensus promoter sequences of target 
genes and activate their transcription (1) 
(Figure 1). Many tyrosine kinases, includ-
ing JAKs (Janus kinases), RTKs (recep-
tor tyrosine kinases), and non-RTKs can 
phosphorylate Stat proteins. In normal cells, 
Stat tyrosine phosphorylation is transient, 
lasting from 30 minutes to several hours. 

However, in numerous cancer-derived cell 
lines or in primary tumors, Stat proteins (in 
particular Stat3) are persistently tyrosine 
phosphorylated either as a consequence of 
deregulated positive effectors of Stat acti-
vation such as tyrosine kinases or negative 
regulators of Stat phosphorylation, e.g., 
phosphatases, suppressor of cytokine signal-
ing, protein inhibitor of activated stats) (2). 
Inhibition of Stat3 activity in tumor-derived 
cell lines by the introduction of antisense, 
small interfering RNA, dominant-negative 
Stat3 constructs, and/or blockade of tyro-
sine kinases has been associated with growth 
arrest and apoptosis (2). Furthermore, the 
introduction of a constitutively activated 
Stat3 molecule (Stat3C) into immortalized 
cell lines leads to transformation, indicating 
an oncogenic role for activated Stat3 (3, 4). 
A possible mechanism for transformation 
by activated Stat3 is the transcriptional 
upregulation of genes known to be involved 
in proliferation and apoptosis, including 
Bcl-xL, c-Myc, cyclin D1, Vegf, and Survivin (3, 
5–8). In addition to its role as a transcrip-
tion factor, phosphorylated Stat3 has been 
described in a recent report as a component 
of focal adhesions (sites of cell contact with 
the extracellular matrix) that may contribute 

to the invasiveness of ovarian cancer cells (9). 
The in vivo role of Stat3 in tumorigenesis 
has not been addressed until now. In this 
issue of the JCI, Chan and colleagues dem-
onstrate in two different murine models 
of skin tumor development that Stat3 is 
required for de novo tumorigenesis (10).

One of the best-established model sys-
tems for studying the mechanisms under-
lying the process of malignant transforma-
tion is the mouse skin model of multistage 
carcinogenesis (11, 12) (Figure 2). In this 
model, the process of skin tumor develop-
ment can be subdivided into three differ-
ent stages: initiation, promotion, and pro-
gression. Initiation is typically induced by 
the topical application of the carcinogen 
7,12-dimethylbenz[a]anthracene (DMBA). 
Interestingly, in DMBA-treated epidermal 
cells, one usually finds mutations within 
the Harvey rat sarcoma virus oncogene 
(Ha-ras) gene. These mutations, however, 
are not sufficient to induce de novo trans-
formation. Promotion of tumorigenesis 
is generated by the topical application 
of phorbol esters such as 12-O-tetradec-
anoylphorbol-13-acetate (TPA) to the skin, 
leading to epithelial cell proliferation with 
a concomitant increased expression of the 
ligand EGF as well as of cyclin D1, c-Jun, 
c-Fos, and c-Myc (13–16). TPA-treated mice 
form multiple benign papillomas within 
10–20 weeks. Tumor progression is a spon-
taneous process resulting in the formation 
of malignant squamous carcinomas.

Stat3 prevents apoptosis  
in the initiation phase  
of skin tumorigenesis
K5Cre.Stat3f l/f l transgenic mice, whose 
epidermal and follicular keratinocytes lack 
Stat3, are viable and develop normally. 


