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Blockade of Antibody-Induced Glomerulonephritis with
Crry-lg, a Soluble Murine Complement Inhibitor *

Richard J. Quigg,* Yuko Kozono," Dawn Berthiaume," Alice Lim,* David J. Salant,*
Andrew Weinfeld," Patricia Griffin, T Elisabeth Kremmer,® and V. Michael Holers®"

A recombinant soluble form of the mouse membrane complement inhibitor Crry (complement receptor-related gene y) fused to
IgG1 hinge, CH2, and CH3 domains has been created and designated Crry-lg. Crry has been used because, similar to human
soluble CR1, it demonstrates decay-accelerating activity for both the classical and alternative pathways of complement as well as
cofactor activity for factor I-mediated cleavage of C3b and C4b. The mouse IgG1 isotype was incorporated because it is a
noncomplement-activating isotype and, when fused to Crry, results in a complement inhibitor that should not be recognized as
foreign when used chronically in murine models. Crry-lg demonstrated complement-inhibitory activity in both the fluid phase and

on target surfaces. Following in vivo injection, Crry-lg manifested a two-phase serum elimination profile, a rapid initial loss most
likely reflecting tissue redistribution and a second more prolonged decline with &, ,, of 40 h. Inhibition of complement activation

in mice following injection of Crry-lg was demonstrated by a marked decrease in the ability of serum from treated mice to be
activated by zymosan particles in vitro. Finally, in vivo efficacy of Crry-lg was demonstrated by its ability to substantially diminish
renal injury induced by complement-fixing nephrotoxic Ab. The use of Crry-lg in vivo in murine models of chronic inflammatory
and autoimmune disease should allow further insight into the potential therapeutic effects and possible untoward complications
of continuous blockade of complement using inhibitors that act on activation products of C4 and C3. The Journal of Immunology,
1998, 160: 4553—-4560.

glomerulonephritis (GNJ) that is readily induced in a soluble recombinant complement receptor type 1 (SCR1/CD35)

variety of species through the passive administration ofhas been developed as an inhibitor that can be used in vivo and has
nephrotoxic serum (NTS). Binding of Ab to glomeruli in vivo is demonstrated therapeutic effects in well-established models of
rapid, and the resultant inflammation occurs within minutes of Abacute ischemia and inflammation (7). CR1 is a particularly potent
injection. In both rats and rabbits, complement activation clearlyinhibitor because it interacts with both C3 and C4, exhibits decay
plays a pathogenic role, as complement depletion with cobracceleration and factor | cofactor activity, and blocks the classical
venom factor (CVF) prevents or ameliorates disease expression (and alternative pathways (5, 8). SCR1 has been shown to decrease
2). There is an apparent dose dependence, however, such that tilammatory endpoints in experimental models of local immune
requirement for complement is lost at higher Ab doses (1). Sucltomplex injury (reverse passive Arthus) (9), ischemia-reperfusion
complement dependence is also apparent in mice when low dosgg, 10), thermal injury (11), CVF-induced pulmonary damage (11),
of Ab are used (3), which has been confirmed using C3- and C4an Ab-mediated demyelinating form of experimental allergic en-
deficient mice (4). cephalomyelitis (12), hyperacute xenotransplant rejection (13),

Complement inhibitors are currently being developed and teste@nd several forms of acute GN in the rat (14). A form of SCR1 has

as potential therapeutic agents for human inflammatory, ischemigeen developed that has placed the active domain of CR1 at the
amino terminus of an intact Ilg molecule (15). This form was pre-
dicted to have a longet;,, than monomeric SCR1 as well as to

*Department of Medicine, Section of Nephrology, The University of Chicago, Chi- potentially allow in vivo targeting using the specificity of the Ig
cago, IL 60637;'Departments of Medicine and Immunology, Division of Rheuma- variable domains

tology, University of Colorado Health Sciences Center, Denver, CO 80PEshart- ) ) . o
ment of Medicine, Renal Section, Boston University Medical Center, Boston, MA  SCR1 has been studied primarily in rat models for several rea-
02118; and*GSF-National Research Center for Environment and Health, Institute OfSOﬂS. First, previous studies using CVF have demonstrated a prom-

Immunology, Munich, Germany .
) o o inent complement-dependent component to these models. Second,
Received for publication October 1, 1997. Accepted for publication January 5, 1998. . . .
many models utilize surgical techniques that have been perfected

The costs of publication of this article were defrayed in part by the payment of pag

charges. This article must therefore be hereby maddbrtisemenin accordance e},lsmg rat models. And third, sSCR1 is a particularly effectlve.lr.lhlb-
with 18 U.S.C. Section 1734 solely to indicate this fact. itor of the rat complement cascade. In contrast, SCR1 exhibits ac-
1These studies were supported by National Institutes of Health Grants Al3110divity only against the mouse alternative pathway and is inactive

(V.M.H.), DK41873 (R.J.Q.), and DK30932 (D.J.S.); a Biomedical Sciences Granttoward the classical pathway (16).

from National Arthritis Foundation (V.M.H.); and a chapt t from Arthriti iy . :
;‘;umnd;i,',‘;“zre;t;' Ehic%no ao;pér (R_J_g.in & chapter grant from ATMES — An additional limitation to the use of SCR1 is the development

2 Address correspondence and reprint requests to Dr. V. Michael Holers, Division opf a neutrallglng Ab response when InJeCted into rats or other no_n'
Rheumatology, Box B-115, University of Colorado Health Sciences Center, Denverhuman species. To study the effects of long-term complement in-
CO 80262. E-mail address: michael.holers@uchsc.edu hibition, a homologous protein must be utilized in a form that is

2 Abbreviations used in this paper: GN, glomerulonephritis; Crry, complement re-nonimmunogenic. One approach to this problem that has been de-

ceptor-related gene y; CVF, cobra venom factor; FPLC, fast protein liquid chroma-

tography; IF, immunofluorescence; NTS, nephrotoxic serum; s, soluble; SLE, sysye'Opecj IS a hom0|090us mouse anti-mouse C5 mAb that blocks

temic lupus erythematosus. the complement pathway at the C5 activation step (17). This mAb

N ephrotoxic serum nephritis is a form of Ab-mediated @nd autoimmune diseases (reviewed in Refs. 5 and 6). In humans,

Copyright © 1998 by The American Association of Immunologists 0022-1767/98/$02.00
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has been shown to be effective in both collagen-induced arthriti®urification of Crry-Ig using mAb-Sepharose and FPLC
and systemic lupus erythematosus (SLE) models (18, 19). chromatography
The use of anti-C5 mAb, however, still allows the generation OfSeveral means were utilized to purify Crry-lg from tissue culture super-

active C3 and C4 cleavage fragments in vivo. To develop a mousRatants. First, anti-Crry mAb 10A2 (27) was dialyzed to carbonate buffer
homologue of human sCR1 that acts on C3b and C4b, we hav@®.1 M NaHCQ, 0.5 M NaCl, pH 9.5). Cyanogen bromide-activated
previously studied the enzymatic activities and complement-inhibSepharose 4B (Sigma, St. Louis, MO) was treated with 1 mM HCl and then

; . ; ashed with carbonate buffer according to the manufacturer’s instructions.
itory capacities of the two genetic homologues of CR1, mOUSéfOAZ was then added to the resin and incubated on a shaker overnight at

CR1 and Crry (20-23). Mouse CR1 is an alternatively Sp"CEd4°C. The resin was then blocked Wil M glycine, pH 8, fo 3 h atroom
product of theCr2 gene (24, 25) that acts as a membrane-bound Bemperature. The 10A2-Sepharose was then washed three times in alter-
cell and follicular dendritic cell receptor for C3b (21, 26). Crry is nating carbonate buffer and acetate buffer (0.1 M sodium acetate, 0.5 M
a widely distributed membrane-bound intrinsic complement-reguNaCl, pH 4), followed by two washes with PBS. In all cases, the amount

; . . of unbound 10A2 was<10%.
latory protein (27, 28). In a direct comparison of CR1 and Crry, To purify Crry-lg, tissue culture supernatants were collected, filtered

Crry was found to be a more potent complement inhibitor in that,through 0.45.m filters (Micron Separations, Westborough, MA), and then
while Crry demonstrated comparable cofactor activity as CR1 fomplaced in a gravity flow over the column. Preliminary studies were per-

the factor I-mediated cleavage of C3b, Crry alone was able tdormed to determine elution conditions that resulted in no loss of Crry-Ig

; ; complement-inhibitory activity (data not shown). For the experiments
cleave mouse CAb in the presence of factor | (23). This Observashown in this study, the column was then extensively washed in PBS and

tion., PIUS the demonstra_tion thitlt-SO|Ub|e Crry, like human SCR1gjyted with 0.1 M NaCO; and 0.5 M NaCl, pH 11. Individual fractions
exhibits decay-accelerating activity for both the classical and alwere neutralized with 0.1 M Tris, pH 6.8.

ternative pathways, has led to the development of Crry rather than Crry-lg was also purified in large scale by sequential column chroma-
mouse CR1 as a homologous mouse complement inhibitor. In thi§graphy using an FPLC System (Pharmacia, Piscataway, NJ). Tissue cul-

. S . ture supernatant was collected, filtered, concentrated using a Centriplus-10
study, we report the production and initial in vivo testing of an Ig (Amicolrjl, Beverly, MA) 10,000 m.w. cutoff membrane, andgthen diaIE)/zed

chimeric form of Crry designated Crry-Ig. into 10 mM K,HPQ,, pH 7.4. The material was filtered and then loaded

onto a 1.6X 15-cm Q-Sepharose Fast Flow ion-exchange column (Phar-
macia) and eluted with a salt gradient of 10 mMH€0, and 1 M NacCl,

Materials and Methods pH 7.4. Eluted fractions were analyzed by SDS-PAGE and ELISA‘ for
) . . Crry-lg content. Peak fractions were then pooled, concentrated using a
Construction of Crry-Ig-encoding plasmid Centriplus-10, brought to 0.5 M NaCl, filtered, loaded onto a size exclusion
Al ; ing the fi h f th |agolumn (HiLoad 26/60 Superdex; Pharmacia), and eluted with 10 mM
plasmid encoding the five short consensus repeats of the extracytopla ,HPQ, and 0.5 M NaCl, pH 7.4. Fractions were tested by SDS-PAGE and

mic domain of Crry linked to the hinge, CH2, and CH3 domains of mouseELISA for purity, and then highly purified Crry-lg was concentrated with
IgG1i FigAL T hi las- ’ )
gG1 isotype was constructed (FIgAL To prepare this construct, a plas _a Centriplus-10 (Amicon) and finally dialyzed to 0.15 M NaCl and sterile

mid designated p118-1 was obtained from Dr. Greg Hollis (Merck Re-¢ g o )
search Laboratories, Rahway, NJ). p118-1 is a derivative of pOG45 (Strafiltered (Whatman, Fairfield, NJ). Purified Crry-Ig was aliquoted and fro-

agene, La Jolla, CA) in which the CMV promoter has been cloneg2en at—20°C. Preliminary studies demonstrated no loss of activity fol-
upstream of the SV40 splice and polyadenylation sequence. Into this pladoWing at least one freeze-thaw cycle fro20°C or—70°C, or storage at
mid was cloned the exons encoding the hinge, CH2, and CH3 domaing C for>30 days (Qata notshown).Amlno-FermlnaI sequence analysis was
from the mouse IgG1 genomic clone (29) (kind gift of Dr. Hollis). Crry performed on purified Crry-lg both in liquid phase and after transfer to

was first subcloned into thishe site within the CD5 signal peptide and T "0-Blot Membrane (Applied Biosystems, Foster City, CA).

cleavage exon encoded in the CD51neg1 vector (30) (kind gift of Dr. Brian

Seed, Harvard University, Cambridge, MA). Following demonstration of ELISA for determination of Crry and Crry-Ig levels

the production of functional soluble Crry-human IgG1 chimeric protein .

following transient transfection into COS-7 cells (data not shown), thePYynatech Iznmulon Il (Dynatech, Chantilly, VA) 96-well plates were
CD5/Crry-containing portion of the plasmid along witiL00 bp upstream coated at 4°C overnight with Lg/well of IgG purified from rabblt_ anti-
and downstream was PCR amplified with oligonucleotides that introduced0Use Crry polyclonal Ab (27). Plates were then washed four times with
Bglll restriction endonuclease sites. The PCR product was digested wit BS; 0-05% Tween-20 (Sigma) and blocked foh atroom temperature
Bglll (New England Biolabs, Beverly, MA) and subcloned into gl with PBS, 1% BSA (Sigma). The plates were washed four more times, and
site of the p118-migG1 plasmid to make the plasmid p118-mIgGl-Crrythe” samples diluted in PBS, 0.1% BSA were a_ldded fora 1-h |ncub_a}t|on.
(Fig. 1A). Nucleotide sequence analysis was performed across each Cbnir‘félates were then decanted and washed four times before the addition of

site to assure the anticipated outcome of this construction strategy. pretitrated anti-Crry mAb 10A2 coupled with biotiN¢hydroxysuccin-
imidobiotin; Sigma) in PBS, 0.1% BSA. Following a 1-h incubation, the

plates were washed four times again. Streptavidin-horseradish peroxidase
(Sigma) diluted in PBS was then added for 30 min. Following four washes,
ABTS (Boehringer Mannheim) activated with,8, was added. Plates
Twenty micrograms of the p118-mlgG1-Crry plasmid encoding Crry-lg were developed in the dark, and the QPwas read on a Titertek Plus
were linearized wittDralll restriction endonuclease (New England Bio- (ICN Biomedicals, Costa Mesa, CA).

labs). The restricted DNA was then phenol and phenol/chloroform ex-

tracted and precipitated using ethanol. The pellet was washed with 70WAnalysis of complement inhibition using zymosan activation
ethanol, dried, and resuspended in 3d0of 10 mM Tris-EDTA buffer

containing 150ug of herring sperm DNA (Boehringer Mannheim, India- Inhibition of the alternative pathway was studied using a previously de-
napolis, IN) made X HEPES-buffered saline. The nonsecreting hybrid- scribed method that utilizes flow cytometric analysis of C3 deposition on
oma cell line NS/0 that had been cultured at a concentration>ofL0>/ml zymosan A particles (Sigma) (22). Briefly, 50 mg of zymosan patrticles in
was washed twice with HEPES-buffered saline and placed on ice. A quantO ml of 0.15 M NaCl were first activated by boiling for 60 min, followed
tity amounting to 1x 10° cells was placed into a disposable cuvette and by washing twice in PBS. In each alternative pathway assay conditign, 2
pulsed twice with one of three experimental capacitanceuafads, 100 107 particles were added to reaction tubes containing a final concentration
wnfarads, 200ufarads) at 300 V using a BTX Electroporator (BTX, San of 10 mM EGTA and 5 mM MgCJ. Samples as described in the text were
Diego, CA). Electroporated cells were placed immediately into limiting then added containing either 10 mM EDTA (negative control) or increasing
dilution in 96-well plates (Falcon, Franklin Lakes, NJ) and incubated over-amounts of Crry-lg. Ten microliters of BALB/c serum as a source of com-
night at 37°C. Cells were then placed in selection media with a final conplement were added, and all samples were brought to.l0@ith PBS.
centration of 40Qug/ml G418 (Mediatech, Herndon, VA). Cells were cul- Samples were incubated at 37°C for 20 min, and the reaction was stopped
tured for 2 wk until clones appeared. Crry-lg levels were measured byby adding 10 mM EDTA. The particles were centrifuged, and supernatants
ELISA (see below), and selected clones were chosen for further analysisvere removed and frozen for later analysis. The particles were then washed
The clones utilized for Crry-Ig production underwent a continuous de-twice with cold PBS, 1% BSA, and then incubated with FITC-conjugated
crease of FCS levels in the media until they were stably growing ingoat anti-mouse C3 (Cappel, Durham, NC}j fioh onice. The samples
Iscove’s media (Mediatech) with 1% FCS. were then washed twice in cold PBS, 1% BSA, resuspended in PBS with

Transfection and cloning of NS/0 cells secreting rCrry-lg
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1% paraformaldehyde, and then analyzed by flow cytometry using an EPResults

ICS cytometer (Coulter, Hialeah, FL). Percentage inhibition was calculateq;,roduction purification, and characterization of Crry-Ig
using the formula [1- [sample mean channel fluoresceredackground ’ ’

(10 mM EDTA condition)/positive control mean channel fluorescence (noCrry was chosen as a recombinant complement inhibitor that could

Crry-lg) — background]]x 100. e used chronically as a homologous therapeutic agent. Previously,

b
Supernatants from the reaction were also analyzed by Western blottin . ;
to determine the extent of C3 cleavage. In this analysjs| & the super- % soluble form of monomeric Crry was created and produced in

natant was mixed with an equal amount of SDS-PAGE loading buffer withbaculovirus (22, 27). This form was shown to retain decay-accel-
10% 2-ME. The samples were subjected to SDS-PAGE on a 7.5% acrylerating activity for both the classical and alternative pathways as
amide gel, transferred to Hybond enhanced chemoluminescence (ECL) pgyell as cofactor activity for factor I-mediated cleavage of both C3

per (Amersham, Arlington Heights, IL) overnight in 0.19 M Tris, 0.025M o4 4. Because many previous studies have demonstrated that
glycine, 20% methanol buffer. Following this, membranes were blocked in

PBS, 0.1% Tween with 10% milk for 1 h. Anti-C3 mAb RmC11H9 (31) 'ecombinant molecules have substantially longgrwhen fused
that had been pretitered was then added to the blot in the same buffer wit® Ig Fc-containing domains (38, 39), an approach that incorpo-

1% BSA. Following washing, horseradish peroxidase-conjugated goat antirated the generation of an Ig chimeric protein containing Crry was
rat IgG (Southern Biotechnology, Birmingham, AL) (preadsorbed againsty;rsued.

mouse IgG) was added for 1 h, and then the blot was washed and developed . .
using the enhanced chemoluminescence (ECL) system (Amersham). | Figure 1A Qemonstrates t.he p!asmld that W,as Con.st.ructed and
includes the important cloning sites and relative positions of the
) o nucleotides encoding the signal peptide, Crry and IgG1 hinge, and
In vivo kinetics of Crry-Ig CH2 and CH3 domains. Not shown is the inclusion of a neomycin-
BALB/c mice were injected with either 1 or 3 mg of Crry-Ig in sterile 0.15 resistance cassette derived from the original pOG45 plasmid. Fig-
M NaCl by either i.p. or i.v. routes. Blood was collected before Crry-lg ure 1B illustrates the structure of Crry-Ig that is directed by the
injection and then at time points as indicatedRasults For collection of plasmid p118-IgG1-Crry. Relevant features of the recombinant

serum with active complement, blood was allowed to clot at room tem- Lo . .
perature for 10 min and then on ice for 15 min. The samples were therprOtem include the retention of the Fc portion of the non-comple

centrifuged and serum stored -a70°C in aliquots for later analysis. ment-fixing mouse IgG1 isotype and the lack of light chains de-
rived from either the plasmid or the NS/O cell line.

. . " o . Following transfection of NS/0 cells, cloning by limiting dilu-
Induction of nephrotoxic nephritis and inhibition with Crry-lg tion, and G418 selection, one clone was chosen for further analysis
and CVF based on stable growth characteristics and levels of protein pro-
NTS was raised by immunizing a single sheep with rat glomeruli in CFA, duction. This clone routinely accumulates 50 mg/L of supernatant
and the complement-fixing IgG1 subclass was isolated by anion-exchangghen grown in 1% FCS-containing media. Initial studies utilized

chromatography on DEAE-Sephacel (32). This antiserum cross-reacts wit| : o - _ :
mouse glomeruli, to which it binds in vivo in a linear peripheral capillary Broteln purified using mAb affinity chromatography (Fig.lane

pattern (33). NTS was injected via the tail vein into 25 to 30 g female cD-13), although later studies With Crry-Ig purified by a high capacity

mice (Harlan Sprague-Dawley, Indianapolis, IN). two-column FPLC method (Fig. 2ane 4) demonstrated identical
Ininitial studies, NTS IgG was injected into complement-sufficient mice results. The highly purified band of 160 kDa lanes 3and 4

and those in which complement was either depleted with Q&g naja  gpecifically reacted in Western blots with both the anti-Crry mAb

kaouthig Quidel, San Diego, CA) or inhibited with Crry-lg. Twelve units . o
of CVF in 0.5 ml PBS V\?ere a(}ministered 24 and JYG?’] before disease]'o'a‘2 as well as polyclonal anti-Crry Ab (data not shown). Purified

induction, while the other two groups received PBS alone. Animals wereCITy-1g was also subjected to amino-terminal sequence analysis to
injected i.v. with 0.5 mg of NTS IgG. Crry-lg-treated animals received 1.5 assure proper signal peptide cleavage. The results demonstrated
mg of Crry-Ig i.v. at the same time as NTS IgG, while the other two groupsthe anticipated sequence DHCPAPSQLPSAKPINLT, which is au-

received buffer such that the total volume injected i.v. was 0.2 ml in allynoiie crry (40) with the addition of the amino-terminal D derived
animals. Two hours after disease induction, animals were anesthetized, . . )
fom the CD5 signal peptide cleavage site.

blood was collected by cardiac puncture, urine was collected with a Paste
pipette from the urethra, while the bladder was gently compressed and

renal tissue was harvested. S Crry-lg blocks complement activation in whole serum
The effects of Crry-lg given before injection of NTS were also evalu-

ated. Animals were injected i.p. with 1.5 mg of Crry-lg or buffer alone. Experiments were performed to measure the complement-inhibi-
Two hours later, animals received either 0.5 or 2 mg of NTS IgG i.v. tory activity of Crry-lg using a previously published zymosan ac-
Animals were housed in metabolic cages for 18 h, during which time urinegjy ation assay (22). In this assay, zymosan was added to 10%

was collected. Mice were then sacrificed to harvest blood and renal tissue, in th f MEGTA d the | | of
Urinary albumin concentration was measured by ELISA, as previousl| ouse serum in the presence of Mg » an e level o

described (34), while urinary creatinine was measured with a Beckmardlternative pathway activation was assessed. Inhibition of comple-
Autoanalyzer. To normalize albumin excretion, data are expressed as miment activation is manifest by a decrease in the amount of C3
crograms of albumin per milligram of creatinine (34, 35). Normal mice hound to the surface of the zymosan particles when assessed using

excrete less than 2mg of albumin/mg of creatinine, similar to the case in . P
humans. Crry-lg was measured by ELISA in both sera and urine. Mousélow cytometry. Figure A demonstrates the percentage inhibition

C3 was measured in sera by ELISA, as previously described (36). DirecPf C3 deposition at increasing doses of Crry-Ig. At a level of 10 to
immunofluorescence (IF) microscopy for sheep IgG and mouse C3 wad?2 ng/ml of Crry-lg, essentially complete inhibition of C3 depo-

performed on snap-frozen renal tissue (37). Renal tissue was also subjectsftion was found. When comparing the activity of Crry-Ig to mo-
to immunohistochemical staining with mAb 7/4 for mouse neutrophils (Se-nomeric Crry produced in baculovirus (22), equal inhibition of

rotec, Oxford, U.K.). The number of positively stained cells was counted tivit c | ivalent basi found (dat t
in at least 60 glomeruli per animal (34). Glomerular IF scoring and ney-2CUVILy on a Ly molar-equivalent basis was foun (data no

trophil counts were accumulated in a blinded fashion. shown).

Although these results demonstrated a decrease in C3 deposi-
tion, we sought to confirm that Crry-lg also blocked C3 activation
in the fluid phase. Therefore, supernatants from the zymosan re-
Statistical analyses were performed with Minitab software (College Parkaction were also analyzed by Western blotting using a mAb that

Wore evaluated Comparisons were made by ono-way analyses of varandie SC13 DOt the intact GBand dleaved:'-chains (31). As shown
Urinary albumin excretion was compared between Crry-Ig and control-'% Figure 3, C3a-chain disappeared in the fluid phase coincident

treated groups by Mann-Whitney testing. IF staining between groups wa¥ith its appearance on zymosan, as assessed by flow cytometry. At
compared byy? analysis. doses that completely blocked C3 deposition onto the zymosan

Statistics
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A migG CH3
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‘WQ%swto polyA tail
intron o migG CH2
migG hinge
intron pl18-mIgG1-Crry b
) 3
"_-\ Amp resistance
7.98 Kb e

CD5 splice donor

mCrry

CDS5 signal peptide

%;MV promoter

FIGURE 1. A, Schematic representation of the
plasmid encoding the CD5 signal peptide and the five
extracytoplasmic short consensus repeats of Crry, fol-
lowed by the hinge, CH2, and CH3 domaiBs Sche-

matic diagram of the predicted Crry-lg homodimer
encoded by the plasmid shown A B

-

CH2

-
i

particles, nax’ fragments were detected, and the level of intact C3that soluble Crry-Ig has the capacity to block complement activa-
a-chain was identical to the EDTA control. Therefore, in addition tion in the fluid phase as well as on target surfaces. This observa-
to confirming that the decreased C3 deposition on zymosan is dution supports the use of Crry-lg as an inhibitor in vivo in settings
to blockade of complement activation, these results demonstrati@e which complement is activated in many tissue sites on both

targets and in the fluid phase.

Experiments were then performed to determine the in ¥jyo

of Crry-Ig as well as test whether inhibition of complement acti-

vation resulted from the use of Crry-lg. Preliminary experiments
& were first performed in which we confirmed the previously re-
= ported absence in the basal state of detectable serum or urine Crry
ol using Western blot analysis (27) by using the new ELISA tech-
nigue (data not shown). Following this, 1 mg of Crry-lg was in-
jected either i.v. (Fig. A) or i.p. (Fig. 8B), and levels were mea-
sured at time points up to 48 h. Crry-Ig levels rapidly rose to peak
levels measured at 30 to 60 min, followed by a two-phase elimi-
nation profile. The clearance in the first phase was relatively rapid,
most likely reflecting tissue redistribution. This was followed by a
7 more prolonged second phase witly, g of 40 h (measured from
the i.v. injection profile). A rapid initial elimination followed by a
prolonged second phase is similar to that previously reported for

CH3

10A2-Sepharose

FIGURE 2. Coomassie blue stain of a 7.5% polyacrylamide gel in

which the supernatant of the clone producing Crry-Ig in Iscove’s mediapmteIns G2

with 1% FCS (ane 2) was compared with L.g of Crry-Ig purified using
either mAb 10A2-Sepharoséae 3) or the FPLC methodl&ne 4).

CTLA-4lg (t,,, ~30 h) (41) as well as IFN+receptor Ig fusion

44 h) (39). Thus, Crry-Ig acts in vivo in the predicted
fashion and comparable with other biologics that have been fused
to Ig domains using recombinant techniques.
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Effects of Crry-lIg on nephrotoxic nephritis

>

110 . . . -
In initial studies of nephrotoxic nephritis, the effects of comple-

100 ment depletion with CVF were compared directly with those of
complement inhibition with Crry-lg. Thus, complement was either
90 1 depleted with CVF given i.p. before NTS administration, or inhib-
ited with 1.5 mg of Crry-Ig given i.v. at the time of NTS injection.
At sacrifice, C3 levels were 0.4 0.06 mg/ml o = 7) in CVF-
0 - treated mice, compared with 2.890.29 (0 = 5) and 3.05+ 0.27
mg/ml (n = 6) in PBS- and Crry-lg-treated mice, respectively. As
60 1 shown in Figure 5, complement depletion or inhibition led to
>50% reduction in albuminuriat2 h after injection of NTS IgG
(p = 0.072 by analysis of variance). This degree of inhibition is
40 - similar to that seen when C3- and C4-deficient mice are injected
with NTS (4). Glomerular neutrophil counts were not elevated
30 r y r T T T T T T significantly in these studies, consistent with the low dose of NTS
2 4 6 8 10 12 M4 16 18 20 2 IgG administered. For example, in the PBS- and CVF-treated
Crry-Ig pg/ml groups, there were 0.1%5 0.07 and 0.05= 0.01 neutrophils per
B glomerulus @ > 0.05).
Further studies were then performed with a longer observation
period and with the use of Crry-Ig given i.p. Mice received either
pg/ml Crry-Ig 2 mg of Crry-Ig i.p. 6 = 10) or a comparable volume of PB& €
11), followed n 2 h by 0.5 mg of NTS IgG.v. Animals were then
I I placed in metabolic cages for 18 h, after which they were sacri-
0 4 8 12 16 20 ficed. Individual data points for urinary albumin excretion are
shown in Figure 6. Animals treated with PBS excreted 462.2
118.9 ng albumin/mg creatinine, while animals treated with
- — Crry-lg had 300.1*+ 136.3ug albumin/mg creatinineg < 0.05),
illustrating that complement inhibition with rCrry-lg significantly
97.4. = — < O chain rgduced proteinuria. As shown in t.hils figurg, one animal. treated
with Crry-Ig had 1503.8.g/mg creatinine, which was the highest
2 in both groups and could not be explained upon review of available
— — < '.70 data. If this animal was removed from analysis, urinary albumin
excretion was 166.3 29.3 ug albumin/mg creatininef( < 0.01

44 - vs PBS-treated animals). At sacrifice, Crry-Ig-treated animals had
: serum Crry-lg levels of 83.% 10.7wg/ml. These animals also had
detectable urinary Crry-lIg (3.& 0.5 pug Crry-lg/mg creatinine),
which was positively correlated with serum Crry-lg concentration
(p < 0.05). The fractional excretion of Crry-lg compared with

1 2 3 4 5 6 7 creatinine, which freely crosses the glomerulus, was 0.013%, in-
FIGURE 3. Representative experiment in which the inhibition of com- dicating limited passage of Crry-lg across the glomerular
plement activation by Crry-Ig on zymosan particles was analyzed follow-capillary wall.
ing flow cytometry to detect surface-bound G8){or when an aliquot of By IF microscopy, all animals had intense linear staining for
the zymosan reaction supernatant was analyzed by Western blotting argheep IgG that was indistinguishable between the two groups (Fig.
detc—_zctic_)n using anti-C3 mAIB|). Positions of the intact Gdand C3x'-70 7), suggesting that Crry-lg did not affect glomerular binding of the
chains inB are shown by arrows afght. The 10 mM EDTA lane repre- - \1g 196G, |n 4 of 11 PBS-treated animals, there was discontinuous
senFs the negative control, and increasing doses of Crry-lg are shown at thqomerular capillary IF staining for C3 (FigAg, while C3 stain-
top in lanes 2to 7. g p_ y 9 . 979 .

ing was absent in all Crry-Ig-treated animals (Fig)&p < 0.05

by x* analysis).

To determine whether inhibition of injury in nephrotoxic ne-
phritis is dependent upon the dose of NTS IgG used, additional
) ; o> . i studies were performed in which animals received 2 mg of NTS
whlc_h either 1 or 3 mg Crry-Ig had been |njecte_d iLh prior were IgG. There was no significant difference between Crry-Ig-treated
studied. Mean serum levels of Crry-Ig _followmg_l_ mg injection animals and controls with nephrotoxic nephritis, with respective
were 49.3+ 4.9 ug/ml (n = 4), and following 3 mg injection were ,inary albumin excretions of 7,826:2 1,346.3 and 13,284.7
232.5* 35.4pug/ml (n = 3) Inhibition of complgment activation 3,583.5ug albumin/mg creatininen(= 4 each). Thus, the appar-
was apparent, as the ability of zymosan to activate complement iRy -omnlement dependence of nephrotoxic nephritis is eliminated

vitro was inhibited by 7913%t 5'_2% e_md _94'7i 2.7% for the 1 at higher doses of NTS, which is a well-known phenomenon (1, 3).
and 3 mg doses, respectively. Since in this assay whole serum was

diluted 10-fold, the resulting Crry-Ig levels and degree of comple- . .
ment inhibition are comparable with those in which Crry-lg was Discussion

directly added to 10% normal serum in the experiment depicted imhese studies have demonstrated the utility of using Crry-lg, a
Figure 3. Therefore, no proteins that interfere with Crry-lg activity mouse functional analogue of human sCR1, as an inhibitor in an in
are present in normal BALB/c serum, and a complement-inhibitorywivo complement-dependent model of acute inflammation. Using a
effect of the recombinant molecule is readily demonstrable in vivo strategy that incorporates the addition of a non-complement-fixing

50 4

% Inhibition of C3 deposition

10 mM EDTA

220 - i

The ability of Crry-Ig to block complement activation in sera

following in vivo injection was then assessed. Sera from mice in,
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FIGURE 4. Mean serum levels of Crry-lg measured by ELISA following injection of 1 mg iA).gr i.p. (B) into two mice each. An initial rapid phase
of elimination is followed by a more prolonged elimination witt,3 of 40 h.

mouse IgG1 Fc region to the functional domain of mouse Crry, aof Ab (1). As the dose is raised, the disease first becomes neu-
molecule with potent in vivo inhibitory activity targeted at C4 and trophil independent and subsequently neutrophil and comple-
C3 is now available for studies in mouse models of acute andnent independent. Indeed, a component of the injury induced
chronic inflammatory and autoimmune diseases. Based on the siny the NTS used in the present studies is complement and neu-
ilarity of specific enzymatic activities shared by human sCR1 androphil independent and may be due to direct reactivity with cell
Crry, results obtained using Crry-Ig chronically should be consid-surface Ags on glomerular cells (48). Nevertheless, these stud-
ered as comparable with those that would be expected from the uses have shown that a substantial fraction of the proteinuria in
of a similar form of sCR1 in chronic human diseases. nephrotoxic nephritis is due to Ab-directed complement activa-
As a model of glomerular disease, nephrotoxic nephritis (alsdion. Our results confirm past studies in which CVF was used
known as experimental antiglomerular basement membrane GNB) and recent studies with C3- and C4-deficient mice (4). Most
has been studied widely in various forms and has provided insightsnportantly, we have extended these studies and documented
into the complex immunologic events that occur in GN. Recently,that Crry-lg is effective in reducing albuminuria to a compara-
a number of inhibitory compounds have been used in this modelble extent as CVF, validating the effectiveness of this comple-
further helping to elucidate pathogenic mechanisms. In the acutment inhibitor in vivo. Taken together, our results lend support
heterologous phase in rats, the use of IL-1R antagonists (42), antie the hypothesis that Ab-directed complement activation ini-
TNF-a mAb (43), Ab to several adhesion molecules, such agtiates a cascade involving cytokine production, up-regulation of
ICAM-1 and CD11b (43, 44), anti-chemokine Abs (45, 46), andadhesion molecules and chemokine garction, and recruitment
defibrinogenation or blockade of platelet fibrinogen receptors (47and activation of platelets and neutrophils, which ultimately lead to
all partially reduce early disease manifestations (proteinuria anthis early glomerular injury (43, 45, 49).
neutrophil infiltration). However, complete prevention of these We do recognize that nephrotoxic nephritis may not be the ideal
disease manifestations in rats has been achieved by complemembdel to document the relative effectiveness of Crry-lg, as the
depletion with CVF (2). complement dependence of GN is only partial in this strain. There
Through the elegant studies by Boyce and Holdsworth inis relatively minor glomerular C3 deposition evident by IF micros-
rabbits, it is clear that the mediator systems in so-called anticopy, and serum complement levels are normal. This is in contrast
glomerular basement membrane GN are dependent on the dos®other human disease states and experimental models of glomer-
ular injury, such as lupus nephritis, in which intense glomerular
complement deposition occurs and systemic complement con-

’q;; sumption is apparent. However, first validating the use of Crry-Ig
£ 500 .
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FIGURE 5. Effects of complement depletion or inhibition on NTS IgG- FIGURE 6. Effect of Crry-Ig on NTS IgG-induced albuminuria. Crry-Ig
induced albuminuria. Complement was depleted with CVF or inhibitedwas given i.p 2 h before NTS injection, following which urine was col-
with Crry-lg. Control animals were given buffer (PBS) alone. Urine was lected for 18 h. Data from individual animals are shown with the mean in
collectal 2 h after NTS injection. Data are meanSEM. each group as a horizontal line.
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FIGURE 7. IF staining for sheep 1gG in representative glomeruli from mice given sheep NTS IgG. Animals were treated with either PB&) abne (
Crry-lg (B).

FIGURE 8. IF staining for mouse C3 in glomeruli from mice given NTS IgG. Animals were treated with either PBS @poe Crry-Ig (B).

in a short-term model of GN, as we have done in this study, supinto the biologic roles of complement and the risk-benefit ratios
ports the use of Crry-lg in the longer term models of GN, such agnherent in the therapeutic use of complement inhibitors.
in spontaneous murine models of SLE.
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