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ABSTRACT

Objective Lupus nephritis is one of the most common and
serious complications of systemic lupus erythematosus
(SLE). Lupus nephritis is a major cause of kidney failure

in patients with SLE, attributed to increased morbidity

and mortality. The in situ deposition of intrarenal immune
complexes promotes the accumulation of inflammatory
cells and causes kidney injury.

Methods We here extracted transcriptome array datasets
for expression of complement molecules in human lupus
nephritis. Furthermore, we performed gene set enrichment
analysis to identify molecular signatures associated with
follow-up kidney function in lupus nephritis.

Results Within the glomerular compartment, intrarenal
mRNA expression levels of C3ART (p=0.0333) and C5AR1
(p=0.0167) correlated with treatment success reflected

by kidney function recovery specifically in class Il lupus
nephritis, while no such association was observed in

class Il or class IV lupus nephritis. Interestingly, mRNA
expression levels of either glomerular C34R1 or C5AR1
resulted in identical gene set and signalling pathways
enrichments in human lupus nephritis, including interferon
signalling and signalling by interleukins. Direct comparison
of C3AR7 and C5AR1 confirmed a strong association
between glomerular mRNA expression levels of both
complement receptors (r=0.8955, p<0.0001).
Conclusions This study provides additional insights into
signalling pathways associated with intrarenal synthesis
of complement components in lupus nephritis that might
be also affected by targeted therapy of the complement
system. These results require confirmation but may
contribute to a personalised treatment approach in distinct
classes of human lupus nephritis.

INTRODUCTION

Lupus nephritis is one of the most common
and serious complications of systemic lupus
erythematosus (SLE).! Lupus nephritis is
a major cause of kidney failure in patients
with SLE, attributed to increased morbidity
and mortality.” Lupus nephritis classifica-
tion has last been updated in 2018.° Class I
lupus nephritis (minimal mesangial) has a

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Lupus nephritis is one of the most common and seri-
ous complications of systemic lupus erythematosus,
attributed to increased morbidity and mortality.

= The in situ deposition of intrarenal immune complex-
es promotes the accumulation of inflammatory cells
and causes kidney injury in lupus nephritis.

WHAT THIS STUDY ADDS

= We here show that intrarenal expression of com-
plement receptor C3AR7T and C5AR1 is correlated
with treatment success specifically in class Il lupus
nephritis.

= Intrarenal expression of both complement receptors
were strongly correlated among one another with
identical molecular signatures in human lupus ne-
phritis that involve interferon signalling and signal-
ling by interleukins.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The fact that intrarenal synthesis of C3AR7 and
C5AR1 correlated with treatment success specifical-
ly in class lll lupus nephritis may indicate that a more
personalised treatment approach may be rational.

= Furthermore, the overlapping molecular signatures
between glomerular C3AR7 and C5AR1 expression
could imply that blocking both complement recep-
tors may have additional effects.

that undergo renal biopsy.* ° Class II lupus
nephritis (mesangial proliferative) accounts
for 7%-22% of all cases and generally
presents with isolated haematuria, low-grade
proteinuria and normal renal function.”® It is
considered mild, but it is associated with the
risk of further progression to focal or diffuse
class ITI/IV lupus nephritis.” '* Classes IIT and
IV lupus nephritis (focal and diffuse prolif-
erative glomerulonephritis) is most preva-
lent and associated with the highest risk of
progressive kidney disease requiring prompt

Dr Bjorn Tampe; bjoemn.tampe@ ~ prevalence of 1% in adults and represents immunosuppressive treatment.® Class V lupus
med.uni-goettingen.de <20% of all cases of nephrotic syndrome nephritis (membranous glomerulopathy)
BMJ Tampe D, et al. Lupus Science & Medicine 2022;9:6000831. doi:10.1136/lupus-2022-000831 LUDUS 1

FOUNDATION OF AMERICA


http://www.lupus.org/
http://lupus.bmj.com/
http://orcid.org/0000-0002-4357-9863
http://dx.doi.org/10.1136/lupus-2022-000831
http://dx.doi.org/10.1136/lupus-2022-000831
http://crossmark.crossref.org/dialog/?doi=10.1136/lupus-2022-000831&domain=pdf&date_stamp=2022-11-15

Lupus Science & Medicine 8

is presenting with nephrotic range or non-nephrotic
proteinuria and often associated with proliferative
forms.'" '* Class VI lupus nephritis (advanced sclerosing)
is defined by more than 90% of sclerotic glomeruli, often
resulting in impaired renal function and variable amount
of proteinuria.

The in situ deposition of intrarenal immune complexes
promotes the accumulation of inflammatory cells and
causes kidney injury especially in active classes III and IV
lupus nephritis.”” '* Among them, complement system
activation with decreased serum levels of complement
C3 and C4 have been found in about 75% of patients
with SLE with focal nephritis and 90% in patients with
diffuse nephritis.”” In addition, colocalisation of immu-
noglobulin isotypes IgG, IgA and IgM along with Clq, C3
and C4 in the glomerular compartment is almost exclu-
sively present in patients with lupus nephritis."® Among
potential sources of intrarenal complement deposits, the
concept of intrarenal complement synthesis has been
described more than three decades ago in experimental
lupus nephritis."”  Because protein-based detection
methods of intrarenal deposits cannot dissect between
these sources of complement components, we have previ-
ously analysed transcriptome datasets to systematically
describe glomerular synthesis of complement compo-
nents in lupus nephritis."® However, relevance of glomer-
ular complement synthesis with regard to treatment
response and progression of lupus nephritis remains
elusive. Therefore, we here aimed to expand our current
knowledge about intrarenal complement synthesis asso-
ciated with treatment success reflected by recovery of
kidney function in human lupus nephritis.

METHODS

Data extraction from Nephroseq

Transcriptome array datasets were used from Nephroseq
(www.nephroseq.org, June 2022, University of Michigan,
Ann Arbor, Michigan, USA). Particularly, median-centred
log2 mRNA expression levels (GSE32591, platform: Affy-
metrix Human Genome U133 Plus 2.0 Array, altCDF v10)
were extracted specifically from microdissected glomer-
ular and tubulointerstitial compartments from lupus
nephritis samples with available data for lupus nephritis
class and glomerular filtration rate (GFR) slope (class II:
n=6, class III: n=6, class IV: n=12, online supplemental
figure 1 and tables 1-3)." According to Nephroseq, delta
GFR slope corresponds to the last GFR value according
to modification of diet in renal disease obtained from
the patient minus the first GFR value (at time of biopsy),
divided by the number of years of follow-up.

Gene set enrichment analysis

For gene set enrichment analysis, the whole dataset (14
samples from healthy living donors, 32 samples with
lupus nephritis) were included, and genes co-expressed
with glomerular mRNA expression of C3ARI (reporter:
209906_at) and C5ARI (reporter: 220088_at) were

extracted from Nephroseq (www.nephroseq.org, June
2022, University of Michigan, Ann Arbor, Michigan, USA,
online supplemental table 4). Co-expression analysis for
tubulointerstitial C9 (reporter: 206727_at) was not avail-
able from Nephroseq (www.nephroseq.org, November
2022, University of Michigan, Ann Arbor, Michigan, USA).
Candidate genes with a correlation threshold of 0.5 were
used for pathway analysis with reactome (http://reac-
tome.org) with a predefined entities value of p<0.0010.%

Statistical methods

Variables were tested for normal distribution using
the Shapiro-Wilk test. Statistical comparisons were not
formally powered or prespecified. Categorical variables
are presented as frequency and percentage, mean+SD are
shown for normally distributed values, and median (IQR)
for non-normally distributed values. Spearman’s correla-
tion was performed to assess the correlation between GFR
slopes and median-centred log, mRNA expression levels,
and the direct comparison between glomerular mRNA
expression levels of C3ARI (209906_at) and C5ARI
(220088_at). Heatmaps reflecting the mean values of
Spearman’s p are shown, the asterisks indicating statis-
tical significance correlations. For group comparisons,
the Mann-Whitney U test was used to determine differ-
ences in medians. Data analyses were performed with
GraphPad Prism (V.9.3.1 for macOS, GraphPad Software,
San Diego, California, USA). Stepwise multiple regres-
sion analyses were performed using IBM SPSS Statistics
(V.27 for MacOS, IBM Corporation, Armonk, New York,
USA). We retained covariates significantly associated with
GFR slope in a multivariable regression model, limiting
the model covariates to avoid model overfit. A probability
(p) value of <0.05 was considered statistically significant.

RESULTS

We first compared intrarenal mRNA expression levels of
complement components in class II, class III and class
IV lupus nephritis with GFR slope per year. Within the
glomerular compartment, intrarenal mRNA expression
levels of complement receptors C3ARI (p=0.0333) and
C5AR1 (p=0.0167) correlated with a positive correlation
with GFR slope per year specifically in class III lupus
nephritis (figure 1A). Interestingly, no such associa-
tion was observed in class II or class IV lupus nephritis
(figure 1A). Within the tubulointerstitial compartment,
specifically mRNA expression levels of complement
C9 correlated with positive GFR slope specifically in
class III lupus nephritis (figure 1B). Multiple regres-
sion analysis confirmed that glomerular C5ARI was the
main denominator of positive eGFR slope in class III
lupus nephritis (glomerular C3ARI: =0.2934, p=0.7906,
glomerular C5ARI: B=0.923, p=0.0087; tubulointerstitial
C9 B=0.0737, p=0.8855, figure 1A,B). Because glomer-
ular C3ARI had no independent association with GFR
slope, we next aimed to identify molecular signatures
associated with these complement receptors in lupus
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Figure 1 Intrarenal expression of complement molecules associated with progression of lupus nephritis. (A, B) Correlations

between GFR slope and mRNA expression levels of distinct complement molecules are shown separated for the glomerular
and tubulointerstitial compartment in human lupus nephritis (class Il: n=6, class lll: n=6, class IV: n=12) are shown by heatmaps
reflecting mean values of Spearman’s p. Circle size represents significance level in the univariate analysis, asterisk (*) in the

multivariate analysis. GFR, glomerular filtration rate

nephritis. Interestingly, mRNA expression levels of either
glomerular C3ARI or C5ARI resulted in identical gene
set and signalling pathways enrichments (figure 2A).
Glomerular expression of both complement receptors
correlated with enrichment of interferon signalling and
signalling by interleukins in lupus nephritis (figure 2A).
Direct comparison of C3ARI and C5ARI confirmed a
strong association between glomerular mRNA expres-
sion levels of both complement receptors (r=0.8955,
p<0.0001, figure 2B). In summary, we here describe that
glomerular expression of complement receptor C5ARI
associated with positive GFR slope specifically in class III
lupus nephritis. Furthermore, intrarenal expression of
complement receptors C3ARI and C5ARI were strongly
correlated among one another with identical molecular
signatures in human lupus nephritis.

DISCUSSION

In experimental and human lupus nephritis, the comple-
ment system has a protective role mediated by cell death
and circulating immune complex clearance.”' ** In addi-
tion, complement system activation and the in situ deposi-
tion of immune complexes from the circulatory system or
kidney may promote the accumulation of inflammatory

cells and cause kidney damage in lupus nephritis.'* While
the role of the complement system in the pathogenesis
of lupus nephritis has long been described, its paradox-
ical effects on disease activity make it a challenging thera-
peutic target. Therefore, a detailed knowledge about the
role of distinct complement components is essential for
complement targeted therapy in lupus nephritis.

We have previously identified accelerated intra-
renal synthesis of distinct classical and alternative
complement pathway components to associate with
impaired kidney function."® We here expand our
current knowledge, providing evidence that intra-
renal expression of distinct complement pathway
components is also correlated with progression of
lupus nephritis. Particularly, glomerular expression
of complement receptors C3ARI and C5ARI associ-
ated with positive GFR slope specifically in class III
lupus nephritis. Blocking C3 and C5 complement
receptors have been shown to protect from experi-
mental lupus nephritis.”” ** Combined with our obser-
vations that both complement receptors showed a
positive correlation with GFR slope, this may impli-
cate a link between glomerular expression of comple-
ment receptors C3ARI and C5ARI and treatment
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Figure 2 Molecular signatures associated with glomerular expression of complement receptors C3AR7 and C5AR1 in human
lupus nephritis. (A) Entities -log,, p values of signalling pathways separated for gene set enrichment associated with either
glomerular C3AR1 or C5AR1T mRNA expression are shown. (B) Spearman’s correlation was performed to directly compare
median-centred log, mRNA expression levels of glomerular C3AR7 and C5AR1 expression. DAP12, DNAX-activating protein of
12 kDa; GPVI, glycoprotein VI; IFN, interferon; IGF2BP, Insulin-like growth factor 2 mRNA-binding protein; MAL, MyD88 adaptor-
like; MECP2, methyl CpG binding protein 2; MHC, major histocompatibility complex; MYD88, myeloid differentiation primary
response 88; OAS, oligoadenylate synthetase; PD-1, programmed cell death protein-1; TCR, T-cell receptor; TIRAP, TIR domain-
containing adaptor protein; ZAP-70, zeta-chain-associated protein kinase-70.

success in lupus nephritis. Upregulation of C3 and
C5 complement receptors has already been described
in experimental lupus nephritis and observed in the
initial phase of kidney injury, supporting an involved
in disease development.” ** This experimental data is
in line with our observation that glomerular C3ARI
and C5ARI1 expression correlated with treatment
success specifically in focal class III lupus nephritis
(representing early proliferative glomerulonephritis
affecting fewer than 50% of the glomeruli) and not
in diffuse class IV lupus nephritis (representing later
stage proliferative glomerulonephritis affecting 50%
or more of the glomeruli). Classes III and IV lupus
nephritis are distinguished quantitatively because it is
considered that there is a continuum for severe lupus
nephritis with segmental lesions.” However, not all
cases of class III lupus nephritis progress towards class
IV.* Indeed, classes III and IV lupus nephritis have
various subtypes, such as endocapillary glomerulo-
nephritis, necrotising crescentic glomerulonephritis
associated with anti-neutrophil cytoplasmic antibody,
renal vascular lesions including thrombotic micro-
angiopathy and focal segmental glomerulosclerosis
associated with lupus podocytopathy.”“30 Moreover,
we here identified that intrarenal expression of both

complementreceptors were strongly correlated among
one another with identical molecular signatures in
human lupus nephritis that involve interferon signal-
ling and signalling by interleukins. This is in line with
observations in animal models reporting that inter-
feron gamma signalling was required for development
of experimental lupus nephritis.”’ Because blocking
C3 and Cb complement receptors have been shown
to protect from experimental lupus nephritis, these
complement receptors are an attractive therapeutical
target in human lupus nephritis.”® ** The fact that
intrarenal synthesis of C3ARI and C5ARI correlated
with treatment success specifically in class III lupus
nephritis may indicate that targeting the complement
system may vary between distinct classes of human
lupus nephritis, and a more personalised treatment
approach may be rational. Furthermore, the overlap-
ping molecular signatures between glomerular C3ARI
and C5ARI expression could imply that blocking both
complement receptors may have additional effects.
This is of particular interest since ongoing trials are
currently testing efficacy and safety of anti-C5 antibody
(NCT04564339) and Cba receptor (C5aR) antagonists
(NCT02151409) in patients with lupus nephritis.
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In summary, this study provides additional insights
into signalling pathways associated with intrarenal
synthesis of complement components in lupus
nephritis that might be also affected by targeted
therapy of the complement system. Because this
study included only a limited patient number with no
detailed analysis regarding individual treatment regi-
mens or additional outcome parameters (particularly
proteinuria), these results require confirmation but
may contribute to a personalised treatment approach
in distinct classes of human lupus nephritis.

Contributors BT conceived the study, analysed data and wrote the manuscript.
DT performed gene set enrichment analysis. SH edited the manuscript. All authors
reviewed and approved the manuscript’s content before submission. BT is the
author acting as guarantor.

Funding We acknowledge support by the Open Access Publication Funds of the
Gottingen University.

Competing interests None declared.

Patient consent for publication Not applicable.

Ethics approval Data was extracted from Nephroseq Research Edition (Ann Arbor,
Michigan: University of Michigan; available from: www.nephroseg.org).
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the
article or uploaded as supplementary information. Not applicable.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Bjorn Tampe http://orcid.org/0000-0002-4357-9863

REFERENCES

1 Tsokos GC. Systemic lupus erythematosus. N Engl J Med
2011;365:2110-21.

2 Ocampo-Piraquive V, Nieto-Aristizabal |, Cafas CA, et al. Mortality in
systemic lupus erythematosus: causes, predictors and interventions.
Expert Rev Clin Immunol 2018;14:1043-53.

3 Bajema IM, Wilhelmus S, Alpers CE, et al. Revision of the
International Society of Nephrology/Renal pathology Society
classification for lupus nephritis: clarification of definitions, and
modified National Institutes of health activity and chronicity indices.
Kidney Int 2018;93:789-96.

4 Al Arfaj AS, Khalil N, Al Saleh S. Lupus nephritis among 624 cases of
systemic lupus erythematosus in Riyadh, Saudi Arabia. Rheumatol
Int 2009;29:1057-67.

5 Chang JH, Kim DK, Kim HW, et al. Changing prevalence of
glomerular diseases in Korean adults: a review of 20 years of
experience. Nephrol Dial Transplant 2009;24:2406-10.

6 Yang J, Liang D, Zhang H, et al. Long-term renal outcomes in a
cohort of 1814 Chinese patients with biopsy-proven lupus nephritis.
Lupus 2015;24:1468-78.

20

21

22

23

24

25

26

27

28

29

30

31

Huong DL, Papo T, Beaufils H, et al. Renal involvement in systemic
lupus erythematosus. A study of 180 patients from a single center.
Medicine 1999;78:148-66.

Wang H, Ren Y-le, Chang J, et al. A systematic review and meta-
analysis of prevalence of biopsy-proven lupus nephritis. Arch
Rheumatol 2018;33:17-25.

Tam LS, Li EK, Lai FM, et al. Mesangial lupus nephritis in Chinese
is associated with a high rate of transformation to higher grade
nephritis. Lupus 2003;12:665-71.

Lee SG, Cho YM, So MW, et al. ISN/RPS 2003 class Il mesangial
proliferative lupus nephritis: a comparison between cases that
progressed to class Ill or IV and cases that did not. Rheumatol Int
2012;32:2459-64.

Moroni G, Quaglini S, Gravellone L, et al. Membranous nephropathy
in systemic lupus erythematosus: long-term outcome and
prognostic factors of 103 patients. Semin Arthritis Rheum
2012;41:642-51.

Austin HA, lllei GG. Membranous lupus nephritis. Lupus
2005;14:65-71.

Dumestre-Pérard C, Clavarino G, Colliard S, et al. Antibodies
targeting circulating protective molecules in lupus nephritis: interest
as serological biomarkers. Autoimmun Rev 2018;17:890-9.
Flores-Mendoza G, Sansén SP, Rodriguez-Castro S, et al.
Mechanisms of tissue injury in lupus nephritis. Trends Mol Med
2018;24:364-78.

Valentijn RM, van Overhagen H, Hazevoet HM, et al. The value of
complement and immune complex determinations in monitoring
disease activity in patients with systemic lupus erythematosus.
Arthritis Rheum 1985;28:904-13.

Dalmasso AP. Complement in the pathophysiology and diagnosis of
human diseases. Crit Rev Clin Lab Sci 1986;24:123-83.

Passwell J, Schreiner GF, Nonaka M, et al. Local extrahepatic
expression of complement genes C3, factor B, C2, and C4 is
increased in murine lupus nephritis. J Clin Invest 1988;82:1676-84.
Tampe D, Hakroush S, Tampe B. Dissecting signalling pathways
associated with intrarenal synthesis of complement components in
lupus nephritis. RMD Open 2022;8:¢002517.

Berthier CC, Bethunaickan R, Gonzalez-Rivera T, et al. Cross-
species transcriptional network analysis defines shared inflammatory
responses in murine and human lupus nephritis. J Immunol
2012;189:988-1001.

Fabregat A, Sidiropoulos K, Viteri G, et al. Reactome pathway
analysis: a high-performance in-memory approach. BMC
Bioinformatics 2017;18:142.

Gullstrand B, Martensson U, Sturfelt G, et al. Complement classical
pathway components are all important in clearance of apoptotic and
secondary necrotic cells. Clin Exp Immunol 2009;156:303-11.
Schifferli JA, Ng YC, Peters DK. The role of complement and its
receptor in the elimination of immune complexes. N Engl J Med
1986;315:488-95.

Bao L, Osawe |, Haas M, et al. Signaling through up-regulated C3a
receptor is key to the development of experimental lupus nephritis.
J Immunol 2005;175:1947-55.

Bao L, Osawe |, Puri T, et al. C5A promotes development of
experimental lupus nephritis which can be blocked with a specific
receptor antagonist. Eur J Immunol 2005;35:2496-506.

Schwartz MM, Lan SP, Bonsib SM, et al. Clinical outcome

of three discrete histologic patterns of injury in severe lupus
glomerulonephritis. Am J Kidney Dis 1989;13:273-83.

Narvaez J, Ricse M, Goma M, et al. The value of repeat biopsy in
lupus nephritis flares. Medicine 2017;96:e7099.

Yu F, Haas M, Glassock R, et al. Redefining lupus nephritis: clinical
implications of pathophysiologic subtypes. Nat Rev Nephrol
2017;13:483-95.

Nasr SH, D'Agati VD, Park H-R, et al. Necrotizing and crescentic
lupus nephritis with antineutrophil cytoplasmic antibody
seropositivity. Clin J Am Soc Nephrol 2008;3:682-90.

Hanaoka H, Hashiguchi A, Konishi K, et al. An unusual association
between focal segmental sclerosis and lupus nephritis: a distinct
concept from lupus podocytopathy? CEN Case Rep 2015;4:70-5.
Suzuki T, Matsumura R, Kitamura H, et al. Rapid and complete
remission of class IV lupus nephritis with massive wire loop lesions.
Case Rep Nephrol Dial 2018;8:56-61.

Richards HB, Satoh M, Jennette JC, et al. Interferon-Gamma is
required for lupus nepbhritis in mice treated with the hydrocarbon oil
pristane. Kidney Int 2001;60:2173-80.

Tampe D, et al. Lupus Science & Medicine 2022;9:000831. doi:10.1136/lupus-2022-000831


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-4357-9863
http://dx.doi.org/10.1056/NEJMra1100359
http://dx.doi.org/10.1080/1744666X.2018.1538789
http://dx.doi.org/10.1016/j.kint.2017.11.023
http://dx.doi.org/10.1007/s00296-009-0905-8
http://dx.doi.org/10.1007/s00296-009-0905-8
http://dx.doi.org/10.1093/ndt/gfp091
http://dx.doi.org/10.1177/0961203315593166
http://dx.doi.org/10.1097/00005792-199905000-00002
http://dx.doi.org/10.5606/ArchRheumatol.2017.6127
http://dx.doi.org/10.5606/ArchRheumatol.2017.6127
http://dx.doi.org/10.1191/0961203303lu446oa
http://dx.doi.org/10.1007/s00296-011-1986-8
http://dx.doi.org/10.1016/j.semarthrit.2011.08.002
http://dx.doi.org/10.1191/0961203305lu2062oa
http://dx.doi.org/10.1016/j.autrev.2018.03.013
http://dx.doi.org/10.1016/j.molmed.2018.02.003
http://dx.doi.org/10.1002/art.1780280810
http://dx.doi.org/10.3109/10408368609110272
http://dx.doi.org/10.1172/JCI113780
http://dx.doi.org/10.1136/rmdopen-2022-002517
http://dx.doi.org/10.4049/jimmunol.1103031
http://dx.doi.org/10.1186/s12859-017-1559-2
http://dx.doi.org/10.1186/s12859-017-1559-2
http://dx.doi.org/10.1111/j.1365-2249.2009.03896.x
http://dx.doi.org/10.1056/NEJM198608213150805
http://dx.doi.org/10.4049/jimmunol.175.3.1947
http://dx.doi.org/10.4049/jimmunol.175.3.1947
http://dx.doi.org/10.1002/eji.200526327
http://dx.doi.org/10.1016/S0272-6386(89)80033-2
http://dx.doi.org/10.1097/MD.0000000000007099
http://dx.doi.org/10.1038/nrneph.2017.85
http://dx.doi.org/10.2215/CJN.04391007
http://dx.doi.org/10.1007/s13730-014-0142-1
http://dx.doi.org/10.1159/000487920
http://dx.doi.org/10.1046/j.1523-1755.2001.00045.x

	Molecular signatures of intrarenal complement receptors ﻿C3AR1﻿ and ﻿C5AR1﻿ correlate with renal outcome in human lupus nephritis
	Abstract
	Introduction﻿﻿
	Methods
	Data extraction from Nephroseq
	Gene set enrichment analysis
	Statistical methods

	Results
	Discussion
	References


