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Mutations in the complement regulatory proteins are
associated with several different diseases. Although these
mutations cause dysregulated alternative pathway
activation throughout the body, the kidneys are the most
common site of injury. The susceptibility of the kidney to
alternative pathway-mediated injury may be due to limited
expression of complement regulatory proteins on several
tissue surfaces within the kidney. To examine the roles of
the complement regulatory proteins factor H and Crry in
protecting distinct renal surfaces from alternative pathway
mediated injury, we generated mice with targeted
deletions of the genes for both proteins. Surprisingly, mice
with combined genetic deletions of factor H and Crry
developed significantly milder renal injury than mice
deficient in only factor H. Deficiency of both factor H and
Crry was associated with C3 deposition at multiple
locations within the kidney, but glomerular C3 deposition
was lower than that in factor H alone deficient mice. Thus,
factor H and Crry are critical for regulating complement
activation at distinct anatomic sites within the kidney.
However, widespread activation of the alternative pathway
reduces injury by depleting the pool of C3 available at any
1 location.
Kidney International (2016) -, -–-; http://dx.doi.org/10.1016/

j.kint.2016.02.036

KEYWORDS: complement; glomerulonephritis; inflammation

Copyright ª 2016, International Society of Nephrology. Published by

Elsevier Inc. All rights reserved.

T he complement system is an important part of the
innate immune system. It defends the host against
pathogens and also facilitates the clearance of injured

cells and immune complexes.1 Uncontrolled activation of the
complement system can cause inflammatory injury, however,
and a group of regulatory proteins controls complement
activation on host tissues.2 Every cell in the body expresses 1
or more of these regulatory proteins, and soluble regulatory
proteins (factor H for the alternative pathway and C4 binding
protein for the classical pathway) circulate at high concen-
trations in plasma. There is redundancy in the control of the
complement cascade, and most tissue surfaces are protected
by $1 regulatory protein. Nevertheless, a large number of
diseases are associated with genetic mutations and variations
in the complement regulators, highlighting the need for the
full repertoire of these proteins to prevent pathologic com-
plement activation and autologous injury. Interestingly, sys-
temic defects in complement regulation often manifest with
disease that is limited to specific organs, and the kidneys are
particularly susceptible to injury in this setting.3

A key example of this is C3 glomerulopathy (C3G), a
recently described form of glomerulonephritis in which
complement proteins are deposited in the glomeruli in the
relative absence of immunoglobulin.4 C3G is associated with
numerous different molecular defects that cause systemic
alternative pathway (AP) dysregulation, including mutations
in the genes for complement regulatory proteins and auto-
antibodies that block AP regulation.5–9 Although these defects
affect complement regulation throughout the body, patients
typically present with isolated glomerulonephritis. Most pa-
tients with C3G have C3nef, an autoantibody that prevents
degradation of the alternative pathway C3 convertase by
factor H.10 Furthermore, the genetic mutations that have been
identified in patients with C3G have most frequently involved
the gene for factor H.5,6,11,12 Mice with a targeted deletion of
the gene for factor H (fH-/- mice) develop spontaneous
glomerulonephritis with the histologic characteristics of C3G,
including abundant C3 deposits along the glomerular base-
ment membrane (GBM).13

It is not known why the kidney is so frequently and so
uniquely affected in patients with systemic defects in regula-
tion of the AP. Factor H controls AP activation both in the
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