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Introduction: A C5 polymorphism (rs17611, 2404G>A) exists where the G allele associates with enhanced

C5a-like production by neutrophil elastase. This cohort study investigated the influence of this poly-

morphism as a risk factor for lupus nephritis (LN), and on C5a and membrane attack complex (MAC) levels

in LN during flare.

Methods: A cohort of lupus patients (n ¼ 155) was genotyped for the 2404G>A polymorphism. A longi-

tudinal LN subset (n ¼ 66) was tested for plasma and urine levels of C5a and MAC 4 and/or 2 months

before and at nonrenal or LN flare.

Results: The 2404G allele and 2404-GG genotype were associated with LN in black, but not white, lupus

patients. In the longitudinal cohort, neither urine nor plasma C5a levels changed at nonrenal flare

regardless of 2404G>A genotype or race. Urine (but not plasma) C5a levels increased at LN flare inde-

pendent of race, more so in 2404-GG patients where 8 of 30 LN flares exhibited very high C5a levels.

Higher proteinuria and serum creatinine levels also occurred in these eight flares. Urine (but not plasma)

MAC levels also increased at LN flare in 2404-GG patients and correlated with urine C5a levels.

Conclusions: The C5 2404-G allele/GG genotype is a potential risk factor for LN uniquely in black lupus

patients. The GG genotype is associated with sharp increases in urine C5a and MAC levels in a subset of

LN flares that correspond to higher LN disease indices. The lack of corresponding changes in plasma

suggests these increases reflect intrarenal complement activation.
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T
he role of complement in systemic lupus erythe-
matosus is complex. The reasons for this are many

and include (1) the various roles of complement in
immunomodulation, immune complex processing, and
tissue damage; (2) the different effector molecules
involved in these roles; and (3) the different comple-
ment activation pathways that can protect or damage
tissue.1,2 These complexities have complicated the use
of complement changes as clinical tools in the man-
agement of lupus and LN.
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Genetic variations in the complement genes also
affect the utility of complement in monitoring LN
disease activity and understanding LN pathogenesis.
We have previously shown an example of this in the
effect that a common factor H polymorphism has on the
relationship between C3 activation and onset of LN
flare.3 Factor H is a complement regulatory protein that
controls C3 activation, and the risk for LN flare as C3
was activated was shown to be the highest in LN pa-
tients who were homozygous for the defective factor H
variant.

Another example of genetic variation in complement
has been reported in other diseases for a common
nonsynonymous polymorphism occurring in the gene
for C5. This polymorphism (rs17611) is a nucleotide
substitution (2404G>A) that causes a valine to isoleu-
cine change at amino acid 802. The original report of
2105
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this showed that the polymorphism influenced circu-
lating C5 levels.4 Subsequent studies have reported that
this polymorphism is associated with ischemic stroke,5

periodontitis,6 and pneumococcal meningitis out-
comes.7 A recent study revealed the likely mechanism
behind these associations, specifically that the 802V C5
form was more susceptible to cleavage by leukocyte
elastase.8 This cleavage produced a C5a-like molecule
slightly larger than recombinant C5a derived from C5
convertase cleavage of C5, but with comparable bio-
logical function as measured by Caþþ

flux from C5aR1
expressing U937 cells.8 However, the cleavage did not
lead to higher levels of soluble MAC.

Based on these associations, we hypothesized that
the 2404G>A polymorphism might be relevant for LN
pathogenesis and its flare. The present study was
designed to address this by exploring whether this
polymorphism represented a risk factor for LN onset,
and by measuring, in a longitudinal 2404G>A geno-
typed cohort of LN patients, plasma and urine levels of
C5a and MAC during periods leading to flare.

METHODS

Patient Cohort

The patients in this study were from the Ohio SLE
Study (OSS), a large cross-sectional and longitudinal
study of both nonrenal lupus patient and LN patients
recruited between 2001 and 2005 under institutional
Table 1. Baseline (at Recruitment) Demographic and Clinical Dataa

Black

Nonrenal
Lupus Patients

Lupu
P

Longitudinal

Patients 14

Male/female 1/13

ISN/RPSb 1, 1

Age, yrsc 45.7 (37.3-50.5) 29.5 (

Serum C3, mg/dlc 119 (83-142) 88.0 (

Serum C4, mg/dlc 19 (15-24) 16 (

sCr, mg/dlc 0.70 (0.60-0.81) 0.90 (

uPCR, mg/mgc 2.31 (

# Patients with at least one flare 4

# NRF 10

# NRF tested

# LNF

# LNF tested

Cross-sectional

Patients 14

Male/female 0/14

ISN/RPSb 1,

Age, yrsc 38.9 (28.6-46.0) 42.8 (

#, number; ISN, International Society of Nephrology; LNF, LN flare; NRF, non-renal flare; RPS,
aBaseline serum C3 and C4, sCR, and uPCR were unavailable for the majority of the black cro
bThe number of lupus nephritis patients with classes II, IIIþIV, V, VþIII or IV. Biopsy data are
from 11 black lupus nephritis patients from the cross-sectional cohort.
cMedian (interquartile range). Baseline uPCR not measured for most nonrenal patients.
dP ¼ 0.012 by Mann-Whitney test for black lupus nephritis versus white lupus nephritis serum
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review board–approved informed consent and in
accordance with the Declaration of Helsinki. The entire
longitudinal cohort (N ¼ 104), which was followed at
regular bimonthly intervals (with blood and urine
collections at each visit) for as long as 7 years (median:
46 months), was genotyped for 2404 G>A poly-
morphism. In addition, the black patients from the
cross-sectional cohort of the OSS (N ¼ 51) were
included to strengthen the analysis in this patient
group. Table 1 shows the baseline demographic and
clinical data for the cohorts.

Table 1 also shows, by race and disease type (non-
renal or LN), the number of longitudinal patients
experiencing at least one flare (nonrenal or LN flare),
the number of flares, and the number of flares that were
tested for urine and ethylenediamine tetraacetic acid–
plasma levels of C5a and MAC. This testing was
limited to longitudinal LN patients and included all
moderate to severe flares visits (both nonrenal and LN
flares) in which urine samples were available (37 of 40
LN patients with flare). Plasma samples from the same
dates were also tested. Also included in the testing
were all available samples from 2 and/or 4 months
before each flare. The three visit months (4 and 2
months before flare and at flare) were together termed a
flare interval.

Flares were identified in the OSS cohort by pre-
specified criteria and were classified as mild, moderate,
White

s Nephritis
atients

Nonrenal
Lupus Patients

Lupus Nephritis
Patients

25 24 41

0/25 2/22 6/35

0, 10, 3 0, 27,11,2

24.0-41.2) 40.0 (26.1-48.8) 31.5 (26.7.-40.7)

71-112) 127 (98-160) 76 (61-96)

11-22)d 21 (15-24) 10 (6-17)d

0.61-1.10) 0.76 (0.68-0.85) 0.94 (0.80-1.20)

0.25-4.55) 0..97 (0.26-02.12)

13 12 27

13 17 16

11 15

27 36

21 32

37

6/31

18, 7, 0

28.4-52.9)

Renal Pathology Society; sCr, serum creatinine; uPCR, urine protein/creatinine ratio.
ss-sectional cohort.
missing for 1 black and 1 white lupus nephritis patient from the longitudinal cohort, and

C4.
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or severe, as we have previously described.3,9–12

Briefly, a nonrenal flare was declared if a patient
developed or had increased severity in one or more
symptoms or signs of nonrenal systemic lupus ery-
thematosus in the absence of increased renal manifes-
tations that were attributable to systemic lupus
erythematosus and were of sufficient severity that the
managing OSS study physician increased therapy. An
LN flare was declared based on threshold changes in
urinalysis or in proteinuria or serum creatinine. For the
present study, only moderate to severe flares were
included.

Genotyping the C5 2404 G>A Polymorphism

The C5 2404G>A polymorphism was genotyped by
amplifying leukocyte DNA using TGCAATGTC-
TAAAAACATGCAAT as the forward primer, and
AAAAGAGAGGAGTGAAAGGAGAAA as the reverse
primer. Each amplicon was visualized in 1% agarose
under ethidium bromide staining, and sequenced using
a 3730 DNA Analyzer (Applied Biosystems, Inc.,
Thermo Fisher Scientific Inc., Waltham, Massachusetts,
USA) through the Ohio State University Genomics
Shared Resource. The genotype for each patient was
determined through visual inspection of the sequence
chromatographs.

Measurements of Free C5a and Soluble MAC

Sandwich enzyme-linked immunosorbent assays (ELI-
SAs) were developed for free C5a and soluble MAC for
measurements in urine and plasma. For C5a, wells were
coated with mouse anti-C5a antibody (clone 295003,
R&D Systems, Minneapolis, Minnesota, USA) at 2 ug/
ml. Patient samples of urine or ethylenediamine tetra-
acetic acid–plasma, typically diluted 1/2 or 1/40,
respectively, in 6% bovine serum albumin in 0.01 M
phosphate buffer with 0.15 M NaCl (phosphate-buff-
ered saline), and 0.015 M ethylenediamine tetraacetic
acid, were added and incubated for 1 hour at room
temperature. Bound C5a was detected using bio-
tinylated mouse anti-C5a (R&D, clone 295009), followed
by the addition of streptavidin horseradish peroxidase
(R&D), and developed with 3,3’,5,5’-tetramethylbenzi-
dine. A standard curve of purified C5a (Complement
Technology, Tyler, Texas, USA) was used in each assay
plate, and all samples were normalized by urine
creatinine (uCr) content. This ELISA had a lower limit
of detection of 100 pg/ml urine and an interassay co-
efficient of variation of 3.9%. The ELISA was specific
for free C5a, as shown by measuring the amount of C5a
in plasma samples from five normal healthy in-
dividuals, where less than 1% of the amount of C5a in
intact plasma C5 was detected. This ELISA was also
compared to a commercial C5a ELISA (Quidel
Kidney International Reports (2021) 6, 2105–2113
Corporation, San Diego, California, USA), commonly
reported in studies measuring C5a, for 27 patient urine
and plasma samples. The correlation between the two
assays was 0.93 for the urine and 0.84 for plasma (P <
0.0001 for both).

The same general ELISA protocol described above
was used to measure soluble MAC in urine and plasma,
except the coating antibody was a monoclonal specific
for a neoepitope in the MAC (Quidel), the detection
antibody was a biotinylated rabbit polyclonal raised
against soluble MAC (Complement Technology), and
the plasma samples were diluted 1/10. A standard
curve of purified soluble MAC (Complement Technol-
ogy) was used in each assay plate. This ELISA had a
lower limit of detection of 12.5 ng/ml urine and an
interassay coefficient of variation of 7.9%. As with C5a,
this MAC ELISA was compared to a standard com-
mercial MAC assay (Quidel) for the same 27 samples.
The correlation between the two assays was 0.83 for the
urine and 0.79 for plasma (P < 0.0001 for both).

Western Blot Analysis of Urine C5a

Urine samples containing four of eight highest C5a
levels at LN flare, all with the 2404-GG genotype, were
analyzed by western blot analysis under nonreduced
conditions. The four urine samples were diluted to 8 ng
C5a/ml in 1� lithium dodecyl sulfate buffer (Thermo
Fisher), and 10 ul of each, along with purified C5a (3
ng/ml) for comparison (Complement Technology), were
electrophoresed through NuPAGE 4% to 12% Bis-Tris
Protein Gels (Thermo Fisher), electroblotted to nitro-
cellulose, probed with either biotinylated goat anti-C5a
(R&D, 0.5 ug/ml), or biotinylated goat immunoglobulin
G (R&D, 1 ug/ml) as a negative control, followed by
streptavidin horseradish peroxidase, and visualized by
autoradiography using SuperSignal West Femto
chemiluminescence (Thermo Fisher).

Statistical Analyses

The Fisher exact test was used to assess for differences
among 2404G>A genotypes, and for differences in
allele frequencies, between black and white patients,
and between nonrenal and LN OSS patients.

For the longitudinal data, regression models using
analysis of variance methodology applicable to
repeated measures data (SAS/JMP, Cary, North Car-
olina, USA) were used to determine if analyte levels
changed temporally in relation to LN flare for all ana-
lytes except for the urine MAC data. For these models,
the flare interval month (-4, -2, or 0 [at flare]) was set as
the fixed effector, the flare interval was set as random
effects, and the analyte levels were used as the
response, with an alpha level for significance set at
0.05. Only flare intervals with at least one preflare
2107
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value were included in the regression models, and we
assume that missing data were generated by the
“missing completely at random” mechanism. Neither
the effects of age nor race were found to be significant.
Because of sample size restrictions, the data for 2404-
GA and 2404-AA patients were combined and
analyzed separately from the 2404-GG patients. For
each analysis, two models were run, one using un-
transformed analyte levels, and a second using data
that was transformed by square root (to account for
values of 0). The final model that was selected was the
one that provided the best fit, as reflected by (1) higher
R2, a measure of model fit; and (2) distribution of re-
siduals being closer to the normal distribution. For final
models with P < 0.05, Tukey’s honest significant dif-
ference test was run to determine where these differ-
ences occurred (-4 vs. -2, -4 vs. 0, and -2 vs. 0).

The urine MAC data contained too many values
below the detectable limit (and assigned a value of “0”)
to meet the regression model assumption of random
variability in the observations. As an alternative
approach, these data were analyzed by paired t tests or
the Wilcoxon test, as appropriate, using a Bonferroni
correction of 0.05/3 (thus, P < 0.0167) for the cutoff
value for significance for the 3 comparisons (-4 vs. -2, -4
vs. 0, and -2 vs. 0). A linear regression model was used
to determine if urine C5a levels correlated with urine
MAC levels.

Differences in clinical variables between high and
low urine C5a expressers were determined by unpaired
t tests of natural log-transformed data.
RESULTS

Influence of C5 2404 G>A Genotype on LN

The G allele has been reported to be higher in blacks
than in whites in the general population (0.91 vs. 0.56
allele frequency, Grand Opportunity Exome
Sequencing Project: https://esp.gs.washington.edu/
drupal/). Because of this, the genotype and allele fre-
quencies in the lupus patients in this study were
analyzed for blacks separately from whites. Table 2
Table 2. Genotype and Allele Frequencies of the C5 2404G>A Polymorphis

Race type

2404 Genotype

GG GA AA %GG %GA %

B All 72 17 1 80a 19

B NR 18 10 1 62 34

B LN 54 7 0 89 11

W All 27 29 9 42a 45

W NR 12 9 3 50 38

W LN 15 20 6 37 49

B, black; LN, lupus nephritis; NR, nonrenal; W, white.
aThe GG genotype and G allele frequencies are significantly higher in the overall black lupus co
bP values are for NR vs. LN comparisons.

2108
shows both genotype and allele frequencies deter-
mined in 90 black lupus patients (29 nonrenal patients,
61 LN patients) and 65 white lupus patients (24 non-
renal patients, 41 LN patients). Overall, the GG geno-
type and G allele frequencies were higher in the black
lupus cohort compared to the white cohort, as expected
(P < 0.001 for both frequencies). The black LN patients
also had higher GG genotype and G allele frequencies
compared to black nonrenal patients (P ¼ 0.008 and
P ¼ 0.004, respectively). These differences were not
observed with the white patient cohort.

Influence of the C5 2404 G>A Genotype on

Urine and Plasma C5a and MAC Levels at Flare

Of the 40 LN patients from the longitudinal cohort who
were included in this study, 23 patients were geno-
typed as 2404-GG, 14 patients were genotyped as 2404-
GA, and 3 patients were genotyped as 2404-AA.
Because of the small sample size for the 2404-AA
cohort, their data were pooled with the data from the
2404-GA LN cohort (from 13 tested nonrenal flares and
23 tested LN flares), and statistical analyses were per-
formed for this group separate from the 2404-GG pa-
tients (with 13 nonrenal flares tested and 30 LN flares
tested) to assess the influence of this polymorphism on
C5a levels.

Urine C5a increased in both genotype groups at the
time of LN flare (Figure 1a). However, the degree of
increase was greater in the 2404-GG cohort, with 8 of
30 LN flares having urine C5a levels greater than 10 ng/
mg uCr, ranging from 12.2 to 88.7 ng/mg uCr. These
eight LN flares were from six different LN patients (3
black and 3 white). Parallel measurements in plasma
did not reflect the urine changes, instead showing no
change in C5a levels during LN flare intervals
(Figure 1b). For nonrenal flares, neither urine nor
plasma C5a levels changed during flare intervals
(Figure 1c and d).

To assess if increases in urine C5a levels led to cor-
responding changes in MAC levels, urine and plasma
samples from LN flare intervals were also tested for
MAC levels. Urine MAC levels did not change
m for Black and White Nonrenal Lupus and Lupus Nephritis Cohorts
2404 Allele

AA Pb G A %G %A Pb

1 161 19 89a 11

3 0.008 46 12 79 21 0.004

0 115 7 94 6

14 83 47 64a 36

13 0.605 33 15 69 31 0.450

15 50 32 61 39

hort than the white lupus cohort (P < 0.001 for both comparisons, by Fisher exact test).

Kidney International Reports (2021) 6, 2105–2113
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Figure 1. Levels of C5a during LN (a and b) and nonrenal (c and d) flare intervals in urine (a and c) and plasma (b and d). Individual levels are
shown as open circles, and least squares means are shown as lines. LN, lupus nephritis; uCr, urine creatinine.
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significantly in the 2404-GA/AA cohort during LN flare
intervals, although there was an apparent trend for
increasing levels at flare (Figure 2a). In contrast, urine
MAC levels increased significantly in the 2404-GG
cohort at LN flare and correlated with urine C5a levels
(r ¼ 0.742, P < 0.001), with seven of the eight samples
with the highest urine C5a levels also having the highest
urine MAC levels (Figure 2a, filled circles). As with C5a,
plasma levels of MAC did not change in either genotype
cohort during LN flare intervals (Figure 2b).

Table 3 summarizes the P values from the various
models for changes over time of urine and plasma C5a
and MAC levels in the C5 2404-GG and 2404-GA/AA
cohorts during the LN flare intervals (Figures 1 and 2).

High Urine C5a Levels and LN Disease Activity

To determine if there was a relationship between the
high urine C5a levels observed in 8 of 30 2404-GG urine
Kidney International Reports (2021) 6, 2105–2113
samples at LN flare (Figure 1a) and the degree of LN
disease activity, the urine protein/creatinine ratios and
serum creatinine levels were compared between the
two groups. The levels of both of these renal disease
indicators were higher in the eight high–C5a level
urine samples compared to the low–uC5a samples
(Figure 3a and b).

Western Blot Analysis of Urine C5a

Urine samples from four of eight at-flare, high-C5a
urine samples from 2404-GG LN patients (Figure 1a)
were analyzed by western blot under nonreducing
conditions to identify the size of the urine C5a detected
by ELISA. As can be seen in Figure 4, all four urine
samples (lanes 9 through 12) contained a urine C5a
fragment of the same relative molecular weight as pu-
rified urine C5a (lane 7). There was also a larger band of
approximately 65 kDa that was uniquely identified by
2109



Figure 2. Levels of membrane attack complex (MAC) in the urine (a) and plasma (b) during lupus nephritis (LN) flare intervals. Individual levels
are shown as open circles, and least squares means are shown as lines. The top seven urine values at LN flare (solid circles) correspond to
seven of eight urine samples with the highest C5 levels (Figure 1a). uCr, urine creatinine.
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the anti-C5a antibody in two of four LN urine samples
(compared to control lanes 3 through 6).
DISCUSSION

The present study addressed whether a polymorphism
in the C5 gene (2404G>A, amino acid V802A) that in-
fluences C5 cleavage by neutrophil elastase plays a role
in LN and its flare. The data presented here suggest
that it does in two ways. First, in a cohort of lupus
patients, both the 2404G allele and the 2404-GG geno-
type frequencies were significantly higher in black LN
patients, compared to black nonrenal lupus patients,
identifying the G allele as a potential risk factor for LN
onset. These differences were not observed in the white
lupus cohort. Second, in approximately 25% of LN
flares from patients with the 2404-GG genotype, the
onset of LN flare resulted in sharp increases in urine
Table 3. Summary of P Values From the Various Models for Changes Ove
and 2404-GA/AA Cohortsa

2404 G>A
Genotype

Response
Variable Model/Method Time Eff

GG SqRtb uC5a LMM <0.00

GG pC5a LMM 0.85

GA/AA SqRtb uC5a LMM 0.00

GA/AA pC5a LMM 0.92

GG uMAC Wilcoxon test NA

GG SqRtb pMAC LMM 0.16

GA/AA uMAC Paired t or Wilcoxon test NA

GA/AA SqRtb pMAC LMM 0.05

LMM, linear mixed model; MAC, membrane attack complex; p, plasma; SqRt, square root; u, u
aAs shown in Figures 1 and 2.
bSquare-root transformed data.
cP values based on post hoc Tukey’s honest significant difference test (under 0.05 is significa
dP values from Wilcoxon test.
eP values from paired t test. P value for uMAC significance was set at 0.0167 to account for t

2110
C5a, and a corresponding increase in MAC levels, in-
dependent of race, and corresponding increases in LN
disease measurements. Although these associations do
not prove causality, they do provide an important link
between a common functional C5 polymorphism and
LN and its severity during active disease.

It is unclear why the apparent role of the 2404G
allele and 2404-GG genotype as a risk factor for LN
onset is limited to black lupus patients. The OSS cohort
used in this study is limited in size, and the findings
will need to be confirmed in an independent cohort.
Nevertheless, based on the current findings, these data
may simply suggest that complement activation prod-
ucts (C5a and/or MAC) have a stronger contribution in
blacks to the development of LN during the early
stages of lupus onset. Or this may reflect that black
lupus patients are generally more sensitive to LN
manifestations,13 and C5a and/or MAC may have a
r Time for Urine and Plasma C5a and MAC Levels in the C5 2404-GG

P

ect Month-4 vs. -2 Month-4 vs. -0 Month-2 vs. 0

1 0.684c <0.001c <0.001c

8

8 0.973c 0.038c 0.011c

4

0.500d 0.055d <0.001d

8

0.125d 0.023e 0.074d

3

rine.

nt).

he three comparisons.

Kidney International Reports (2021) 6, 2105–2113



Figure 3. Urine protein/creatinine ratios (uPCR) (a) and serum creatinine (sCr) levels (b) in C5 2404-GG patients at lupus nephritis (LN) flare
where urine C5a (uC5a) levels were greater than 10 ng/mg urine creatinine (uCr) (>10) or less than 10 ng/mg uCr (<10). Individual levels are
shown as open circles, and median levels are shown as lines.

CR Toy et al.: Elastase-Sensitive Complement C5 Variant and Lupus Nephritis CLINICAL RESEARCH
greater impact in pushing kidney damage into bona
fide LN. Finally, there may be other complement
polymorphisms associated with the black population
that accentuate the pro-LN effects of C5a or MAC.

The mechanism by which this C5 polymorphism af-
fects urine C5a levels in the LN patients at LN flare, and
does so in only a subset of the flares, is also unclear. The
report describing the neutrophil elastase sensitivity of the
802V variant showed no enhanced C5 cleavage by C5-
convertase.8 Neutrophils are involved in active LN,14

and neutrophil elastase may be driving the high levels
Figure 4. Western blot analysis of urine C5a. The blots of urine samples
nephritis flare (lanes 3 through 6 and 9 through 12) were probed with either n
(lanes 7 through 12). Lanes 1 and 7 contained purified C5a, and lanes 2 and
marker positions. The dotted line arrow identifies approximately 65-kDa fra

Kidney International Reports (2021) 6, 2105–2113
of urine C5a in some of the 2404-GG patients. However,
the size of C5a in the LN patient urines shown herein is
identical to C5a derived from C5 convertase. There is also
a corresponding increase in urine MAC. Elastase cleavage
of C5 results in a slightly larger form of C5a, without a
corresponding increase in MAC formation.8 Together this
suggests that some other proteolytic mechanism affected
by the 2404 G>A polymorphism is behind this seemingly
non-complement driven C5 cleavage.

Elastase is a serine protease, and other serine pro-
teases have been shown to cleave C5, resulting in
from four of eight highest C5a levels from 2404-GG patients at lupus
onspecific goat immunoglobulin G (lanes 1 through 6) or goat anti-C5a
8 were blank. The numbers on the far left are the molecular weight

gments containing C5a, and the solid arrow identifies C5a.

2111
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functional C5a-like products. These include both
thrombin and plasmin,15–18 proteases that become
activated during thrombotic events and fibrinolysis.
The occurrence of thromboses in association with lupus
has long been recognized.19 Thus, the high levels of
urine C5a occurring in the subset of the LN cohort at
flare shown in this study may be driven by thrombin
and/or plasmin. Thrombin produces a 35-kDa C5a-like
fragment that eventually is reduced to a size identical
to complement-driven C5a17; C5 cleavage by thrombin
or plasmin leads to MAC formation.17,20 Other possible
serine proteases that may be affected by the elastase-
sensitive C5 polymorphism include urokinase-type
plasminogen activator, plasminogen, and prostatin, all
of which are elevated in the urine of albuminuric
kidney transplant recipients.21 Importantly, it is not
known if cleavage of C5 by thrombin, plasmin, or any
other serine protease is affected by this elastase-
sensitive polymorphism.

The corresponding increase in urine MAC levels in
the high urine C5a samples suggests that the resulting
C5b fragment is capable of combining with C6-C9 to
form MAC. Alternatively, high urine C5a levels may
drive increased tissue damage at flare that leads to more
complement activation and subsequent MAC forma-
tion. There is evidence for such a pathogenic conse-
quence, with the high urine C5a levels being associated
with more proteinuria and higher serum creatinine
levels (lower glomerular filtration rate).

These findings also have implications as to the site of
complement activation. Plasma levels of C5a did not
change during the LN flare interval, but interpreting
this is difficult, as C5a is approximately 10 to 11 kDa
and positively charged, and any C5a formed in the
circulation may be freely filtered into the urine.
However, plasma MAC levels also did not change and,
at a molecular weight of more than 1000 kDa, any MAC
formed in the circulation would likely not be readily
filtered even during proteinuric states, indicating that
the increases in urine C5a and MAC indeed represent
intrarenal complement activation.

The results of this study do not show casualty be-
tween the 2404G>A C5 polymorphism and LN onset
(in blacks) or high levels of C5a at LN flare. These as-
sociations may be due to other variations in genes
proximal to the C5 gene that linked to the 2404G>A
polymorphism. One such candidate is the gene for tu-
mor necrosis factor receptor associated factor 1
(TRAF1), which is an important in mediating tumor
necrosis factor alpha signaling. In fact, studies have
identified a TRAF1/C5 locus (rs10818488) being asso-
ciated with lupus in some, but not all, studies, as
recently reported in a meta-analysis.22 Importantly,
this TRAF/C5 haplotype block does not contain the
2112
2404G>A polymorphism,23 and so does not account for
the associations shown in the current study. Never-
theless, until causality is shown, other proximal genetic
variation that may be causal should be considered.

In summary, the present study implicates the C5
2404G allele that is associated with enhanced elastase-
sensitive C5a-like production as an important contrib-
utor in the pathogenesis of LN, both as a risk factor for
LN onset in black lupus patients, and as a driver of
high urine C5a levels and MAC levels at the time of LN
flare that appear to be local and are associated with
more severe LN flare. That this occurred in only
approximately 25% of the LN flares in patients with
the 2404-GG genotype indicates that whatever protease
is cleaving this C5 variant, its involvement is sporadic.
Identifying this protease along with determining the
2404G>A genotype of LN patients may be an impor-
tant screening tool for determining in whom
complement-based therapies, and the target of those
therapies, is warranted.
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