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ABSTRACT
Objective Tissue damage in lupus nephritis (LN) is 
mediated by activation of the classical complement 
pathway. Complement- mediated upregulation of 
endothelial cell adhesion molecules is seen in dermal 
blood vessels of non- lesional skin of patients with active 
lupus. In diseases with systemic complement activation, 
extensive microvascular C5b- 9 deposition is seen in non- 
lesional skin. In this study, we assess the presence of 
systemic complement pathway activation as determined 
by non- lesional skin microvascular C5b- 9 deposition in 
patients with LN.
Methods Eight patients with active LN and eight patients 
without active LN underwent non- lesional skin biopsies. 
Using a diaminobenzidine technique, specimens were 
evaluated for microvascular C5b- 9 consistent with 
systemic complement pathway activation.
Results Five of eight patients with active LN and one of 
eight patients without active LN demonstrated positive 
C5b- 9 staining in non- lesional skin (p=0.04). Positive 
non- lesional C5b- 9 staining has greater specificity, 87.5%, 
for active LN than pyuria, low complements, elevated 
double- stranded DNA (dsDNA) and proteinuria. Urine 
protein creatinine ratio was significantly higher in patients 
with positive non- lesional C5b- 9 deposition (5.18 vs 1.20; 
p=0.04). C5b- 9 deposition was not associated with a 
higher NIH Activity Index, interstitial fibrosis, dsDNA or 
lower complements.
Conclusion This is the first study to demonstrate evidence 
in non- lesional skin of microvascular C5b- 9 indicative of 
systemic complement pathway activation in LN. C5b- 9 
deposition is statistically more common and demonstrated 
greater specificity than most historical biomarkers 
for active LN. The findings support a potential role for 
microvascular C5b- 9 assessment in non- lesional skin as a 
biomarker for LN activity.

INTRODUCTION
Tissue damage in lupus nephritis (LN) is 
mediated by the deposition of immune 
complexes and activation of the comple-
ment pathway.1 The presence of antibodies 
to double- stranded DNA (dsDNA) generates 
complement fixing immune complexes which 
can activate the classical cascade, resulting in 

the cleavage of C5 into C5b with subsequent 
activation of terminal complement compo-
nents (C5b- 9), also known as membrane 
attack complex (MAC). The alternative 
complement pathway has also been shown to 
play a pathological role in SLE by amplifying 
the generation of C3 and C5 activation prod-
ucts.2 In one study of LN, renal C5b- 9 deposi-
tion was present in 45.5% of non- responders 
compared with 13% without C5b- 9 deposi-
tion (OR=5.4; CI 95% 0.8–36.4).3 Wilson et al 
reviewed 57 renal biopsies with LN and found 
that those with LN ISN/RPS Class III or IV, 
who were non- responders, had significantly 
more intense capillary wall C5b- 9 staining 
(p=0.01).4

Additionally, local inflammatory reactions in 
the skin can provide clues regarding vascular 
injury in SLE. Complement- mediated upregu-
lation of endothelial cell adhesion molecules 
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indicative of systemic complement pathway activa-
tion in patients with lupus nephritis (LN).
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and of nitric oxide is seen in the dermal blood vessels 
of non- lesional, non- sun- exposed skin from patients 
with active lupus.5 6 Endothelial protein C receptor, a 
biomarker for poor response in LN, is also increased 
in non- lesional, non- sun- exposed skin.7 In diseases with 
systemic complement activation, such as atypical haemo-
lytic uraemic syndrome (aHUS), a subset of patients with 
thrombotic thrombocytopenic purpura, post- transplant 
thrombotic microangiopathy and catastrophic severe/
critical COVID- 19, extensive C5b- 9 deposition is also seen 
in non- lesional skin of the deltoid and suggests the crit-
ical role of complement- mediated endothelial cell injury 
in the evolution of the thrombotic microangiopathy.8–12 
These earlier studies support the hypothesis that non- 
lesional C5b- 9 deposition in the skin can be used as a 
biomarker for disease activity and evidence of systemic 
complement activation in LN.

The goal of this study is to investigate the correlation 
between C5b- 9 deposition in non- lesional skin with LN 
disease activity.

PATIENTS AND METHODS
This is an observational prospective study of 16 patients 
seen between November 2022 and April 2023 at either 
Bellevue Hospital or Tisch Hospital and their respective 
outpatient clinics. All gave informed consent prior to 
taking part in this study. All patients fulfilled the criteria 
for SLE as defined by the American College of Rheuma-
tology 1997 revised classification criteria and had biopsy- 
proven LN.13

Patients consented to 4- mm- non- lesional deltoid skin 
punch biopsies, regardless of disease activity. All patients 
were >18 years of age, had no evidence of thrombotic 
microangiopathic haemolytic anaemia (TMHA) and had 
either a history of biopsy- proven LN or were undergoing 
their first clinically indicated renal biopsy. In those under-
going renal biopsy, a skin biopsy was performed within 
7 days. The formalin- fixed, paraffin- embedded specimens 
were assessed for C5b- 9 deposition via a diaminobenzi-
dine technique. Our immunohistochemical protocol for 
the assessment of MAC has previously been described 
and used Leica Microsystems for C5b- 9.8 14 The dermato-
pathologist reviewing skin biopsies is very experienced in 
assessing microvascular C5b- 9 of skin, having published 
papers addressing the utility of the normal deltoid skin 
in assessing for systemic complement pathway activation. 
The pathologist was blinded to clinical history. C5b- 9 
within the epidermal basement membrane zone (BMZ), 
the BMZ of the eccrine coil, the elastic fibres in the dermis 
and the elastic lamina of vessels were considered non- 
specific staining patterns. In order for C5b- 9 staining to be 
classified as positive for evidence of systemic complement 
pathway activation, 10 or greater dermal and or subcuta-
neous vessels had to exhibit subendothelial or endothe-
lial based staining as outlined in a previously published 
study.8 11 The positive microvessels encompassed capil-
laries, venules, arterioles and small arteries.

Classification as active LN required an Activity Index 
(AI) of >1 on biopsy or persistent urine protein creati-
nine ratio (uPCR) >0.7 and albumin <3.7 g/dL. Inactive 
LN required an AI of 0 on renal biopsy or uPCR <0.7, 
albumin >3.7 g/dL and no escalation of care by the 
treating physician.15 16 Serological activity was defined as 
having a low C3 or C4, or elevated dsDNA according to 
the testing laboratory’s reference range.

Chart review was performed at the time of specimen 
collection to obtain demographics (age, sex, self- reported 
race and ethnicity), clinical data (SELENA- SLEDAI 
(Safety of Estrogens in Systemic Lupus Erythematous 
National Assessment SLE Disease Activity Index) and 
disease duration), current and prior anti- malarial, 
glucocorticosteroid and immunosuppression (eg, 
azathioprine, methotrexate, belimumab, rituximab, cyclo-
phosphamide, mycophenolate mofetil, mychophenolic 
acid, anifrolumab, leflunomide, voclosporin, tacrolimus) 
use, and prior renal biopsy reports (ie, ISN/RPS LN clas-
sification, AI, Chronicity Index CI), interstitial fibrosis 
tubular atrophy (IFTA) percentage, as well as immuno-
fluorescence and electron microscopy findings). Labora-
tory data included urinalysis, uPCR, serum complement 
levels, dsDNA antibodies by ELISA, creatinine, estimated 
glomerular filtrate rate, white cell count, platelets count, 
albumin and absolute lymphocyte count.

Clinical, demographic and laboratory parameters were 
compared between individuals based on the presence 
or absence of C5b- 9 deposition consistent with systemic 
complement pathway activation.

Clinical, demographic, laboratory and histopatholog-
ical parameters between participants with and without 
significant C5b- 9 staining were compared using the inde-
pendent samples median test for continuous variables 
and the Fisher’s exact test for categorical variables using 
IBM SPSS V.28.0.1.1. A two- sided p<0.05 was considered 
statistically significant with Bonferroni adjustment for 
multiple comparisons.

Patient involvement
Patients were not involved in the design of this research. 
Patients will be informed of the results at their follow- up 
clinic appointments.

RESULTS
The patients’ age ranged from 22 to 58 years. The median 
age was 34.5 years, of which C5b- 9 negative patients on 
average were numerically older (respectively, 35 year vs 
29.5 year) but this difference was not statistically signifi-
cant (p=0.61) (table 1). Nine of the 16 patients had renal 
biopsies either on the day of the skin biopsy or within 
7 days of having had the skin biopsy. These nine cases 
did not show evidence of a thrombotic microangiopathy 
(TMA) and eight had evidence of active LN on renal 
biopsy. The other seven patients had a remote history 
of a kidney biopsy showing active LN. Two patients had 
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secondary anti- phospholipid syndrome (APS) and five 
had asymptomatic anti- phospholipid antibodies (aPL).

The majority of patients were female (12 of 16). Five 
(31.2%) were Hispanic. Two were Asian, four black, two 
white and eight other. Patients without C5b- 9 positivity 

tended to have had lupus for longer than those with C5b- 9 
positivity (respectively, 10 years vs 5.5 years; p=0.12). All 
ISN/RPS LN classes, excluding I and II, were present in 
the C5b- 9 negative group but only classes III, IV and IV/V 
were represented in the C5b- 9 positive group, of which 

Table 1 Patient demographics and disease characteristics

C5b- 9 positive (n=6) C5b- 9 negative (n=10) P value

Female 4 (67) 8 (80) 0.60

Age, years 29.5 (17) 35 (21) 0.61

Ethnicity       

  Hispanic 3 (50) 2 (20) 0.30

Race       

  Asian 2 (33) 0 0.5

  Black 0 4 (40) 0.23

  White 0 2 (20) 0.50

  Other 4 (66) 4 (40) 0.60

ISN/RPS LN Class*     0.58

  III 3 (50) 2 (20)   

  IV 2 (33) 2 (20)   

  III/V 0 1 (10)   

  IV/V 1 (17) 2 (20)   

  V 0 2 (20)   

Secondary APS 0 2 (20) 0.50

Asymptomatic aPL 2 (33) 3 (30) 1.0

Disease duration, years 5.5 (6) 10 (16.25) 0.12

SELENA SLEDAI 13 (11) 6 (12) 0.12

Non- renal SELENA SLEDAI 3 (4.5) 3 (3.5) 1.0

Serologically active 6 (100) 7 (70) 0.25

Active LN 5 (83) 3 (30) 0.04

NIH Activity Index† 7 (5) 7 (12) 1.0

NIH Chronicity Index† 3 (5) 2 (3) 1.0

IFTA (%)† 20 (21.9) 10 (25) 1.0

Laboratory tests

  Albumin, g/dL 2.65 (1.1) 3.5 (1.3) 0.1

  Adjusted dsDNA‡ 4.95 (5.5) 2.5 (12.3) 0.32

  C3, mg/dL 69.5 (63.8) 63 (48) 1.0

  C4, mg/dL 18.5 (15.8) 20 (13.2) 1.0

Urine studies§

  Red blood cells >5/hpf 4 (67) 3 (30) 0.30

  uPCR 5.18 (5.1) 1.2 (2.06) 0.04

Active LN

  C5b- 9 positive (n=5) C5b- 9 negative (n=3)   

  uPCR 5.18 (5.11) 0.8 (2.17) 0.001

Data are n (%) or median (IQR).
P values are evaluated using SPSS with t- tests or χ2 tests of independence.
*One person LN Class missing.
†Three people without light microscopy details available.
‡Adjusted dsDNA calculated by dividing value by reference upper limit of normal.
§One person unable to provide urine due to being anuric.
dsDNA, double- stranded DNA; IFTA, interstitial fibrosis tubular atrophy; ISN/RPS, International Society of Nephrology and Renal Pathology Society; 
LN, lupus nephritis; NIH, National Institute of Health; SELENA SLEDAI, Safety of Estrogens in Systemic Lupus Erythematous National Assessment 
SLE Disease Activity Index; uPCR, urine protein creatinine ratio.
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class III was the most common (50%; p=0.58) (table 1). 
Light microscopy results from prior renal biopsies were 
not available for three patients with inactive LN, and 
therefore, LN class was unknown. Eight (50%) of the 
patients had active LN. Six of the total 16 patients (37.5%) 
were positive for endothelial and or subendothelial C5b- 9 
deposition at levels consistent with systemic complement 
pathway activation (figure 1A).

In those patients with positive C5b- 9 deposition as 
defined in the Patients and methods section, 5 of 6 (83%) 
had active LN, and of those negative for C5b- 9 deposi-
tion, 3 of 10 (30%) had active LN (table 1). In those 
patients with active LN, five of eight (62.5%) had positive 
C5b- 9 deposition consistent with systemic complement 
pathway activation, and in those with inactive LN, one 
of eight (12.5%) demonstrated positive C5b- 9 (p=0.04) 
(table 2). These findings demonstrate that systemic 
complement activation is present in LN and is signifi-
cantly more common in active disease. Among the eight 
patients with active LN, C5b- 9 positivity correlated with 
a significantly higher uPCR (5.18 vs 0.8; p=0.001). C5b- 9 
deposition positivity was not associated with a higher AI, 
CI, IFTA, dsDNA, presence of aPL or APS, or hypocom-
plementemia (table 1).

Cutaneous evidence of systemic complement pathway 
activation as demonstrated by quantitative C5b- 9 assess-
ment in microvessels has a greater specificity, 87.5%, for 
active LN than pyuria (62.5%), hypocomplementemia 
(57.1%), elevated dsDNA (42.8%) and proteinuria 
(57.1%) (table 3). In contrast, haematuria had a spec-
ificity of 100% for active LN. Despite a high specificity 
for active LN, C5b- 9 deposition had the lowest sensitivity 
(62.5%) for active LN.

One patient with inactive LN who was negative for 
non- lesional C5b- 9 was taking a complement inhibitor 
for a remote history of post- transplant TMA (table 4). 
Most patients were on background hydroxychloroquine 
(87.5%) and glucocorticosteroids (75%). Five of the eight 
patients with active LN had received high- dose steroids at 
the time of skin biopsy, three of which had non- lesional 
C5b- 9 deposition. A similar number of patients with and 
without C5b- 9 deposition were taking biologics, mycophe-
nolate and/or calcineurin inhibitors at the time of skin 
biopsy (p>0.05).

DISCUSSION
SLE is a chronic autoimmune disease with a relapsing and 
remitting course. LN is a major predictor of morbidity 
and mortality in SLE, and within the first 10 years of SLE 
onset, LN is present in 50%–60% of patients.17 Despite 
considerable advances in treatment options for LN, renal 
survival rates have plateaued since the mid- 1990s; up to 
30% of patients with LN progress to end- stage kidney 
disease (ESKD).18 Determining ongoing LN activity is 
often difficult as other comorbidities, such as diabetes or 
hypertension, can lead to proteinuria in the absence of 
ongoing SLE activity. Furthermore, chronic damage from 

prior LN activity can result in irreversible injury that is 
accompanied by persistent proteinuria absent ongoing 
immune- mediated activity. Therefore, a repeat renal 
biopsy maybe required to accurately assess LN disease 
activity state, but this is an invasive procedure that carries 
risks. One study recently showed that despite reaching a 
perceived clinical remission by laboratory tests, 19.6% of 
patients had persistent activity on repeat renal biopsy.19 
This demonstrates the importance of finding alterna-
tive biomarkers of LN activity that can readily be used by 
physicians in everyday practice.

SLE flares are associated with complement pathway acti-
vation; however, hypocomplementemia does not always 
accompany active disease. In our study, the presence of 
low complement had a sensitivity of 75% for active LN, 
thereby not accounting for 25% of patients. Discordance 
between SLE activity and serum complement levels has 
been largely attributed to the fact that serum complement 
levels are a static appraisal of a dynamic process involving 
activation, consumption, catabolism and synthesis of 
complement proteins, leading to a wide range of normal 
complement levels. Complements are also an acute phase 
reactant and therefore synthesis is increased during times 
of inflammation, such as SLE activity, therefore coun-
terbalancing the increased consumption.20 Only haema-
turia was more specific and sensitive than non- lesional 
C5b- 9 deposition for active LN. Evaluation of haematuria 
by urinalysis is a cost- effective and readily available test; 
however, haematuria can be confounded by menses in 
females of reproductive age. Biomarkers that directly 
detect activation of the terminal complement pathway are 
more reliable measures of ongoing pathologic systemic 
complement activation in SLE. Microvascular C5b- 9 is 
ubiquitous and present in non- lesional skin of individuals 
without systemic complement activation but at intensity 
below our definition of positivity that is meaningful and 
consistent with systemic complement pathway activa-
tion. The key in establishing pathogenetically significant 
systemic complement pathway activation is the identifica-
tion of at least 10 positive staining vessels and avoiding 
false positive results as might occur if one erroneously 
counts a vessel showing only elastic fibre as a positive 
vessel or if a larger sample of skin is used.11

In our study, 6 out of 16 patients had evidence of 
systemic complement pathway activation as demonstrated 
by quantitative assessment of C5b- 9 deposition. Of those 
six patients, five had active LN demonstrating the associ-
ation of cutaneous microvascular C5b- 9 with LN disease 
activity. Most patients with cutaneous vascular C5b- 9 
deposition had nephrotic range proteinuria in contrast to 
those without significant vascular C5b- 9 deposition who 
had subnephrotic range proteinuria (table 2, figure 1B). 
A statistically significant finding that persisted when 
compared among only those with active LN (table 1). 
This is consistent with previous studies that found renal 
C5b- 9 deposition was associated with both a higher IFTA 
and proteinuria at the time of biopsy.21 This association 
suggests that systemic complement pathway activation 
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Figure 1 (A) Image demonstrates extensive fine granular deposits of C5b- 9 involving the endoluminal aspect of the 
microvasculature, specifically capillaries and venules. Evidence of systemic complement pathway activation is based on 
counting the number of microvessels encompassing capillaries, venules, arterioles and small arteries showing endothelial and 
subendothelial deposition of C5b- 9 (arrows). Note the non- specific staining pattern within the basement membrane zone of the 
eccrine gland. Epithelial basement membrane zone and elastic fibre staining is not of any diagnostic significance (arrow head). 
(B) Red data point: active LN; blue data points: inactive LN. LN, lupus nephritis; uPCR, urine protein creatinine ratio.
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plays an important role in tubulointerstitial injury and 
can be identified via non- lesional skin biopsies. Tubu-
lointerstitial injury, specifically IFTA, strongly associates 
with poor renal outcomes and is a reliable predictor of 
progression to ESKD.22 These studies support the hypoth-
esis that C5b- 9 deposition is a potential biomarker for 
more intense disease and poor response to traditional 
treatment.

If non- lesional skin microvascular C5b- 9 deposition 
is a reflection of renal tubular C5b- 9 in LN, then the 

absence of C5b- 9 in three patients with active LN may be a 
biomarker of those that will have a good response to stan-
dard LN treatment. In those with inactive LN, only one 
patient was positive for C5b- 9 deposition despite a uPCR 
<0.01 and normal complement levels. Hypothetically, the 
presence of significant cutaneous microvascular C5b- 9 in 
inactive LN may be a predictor for future flares or relapse 
with immunosuppression tapering. At this time, our 
paper does not have the necessary follow- up to assess the 
relationship between C5b- 9 deposition and subsequent 
outcomes and this remains an area of needed future 
study. Serial monitoring microvascular C5b- 9 deposition 
in non- lesional skin as a means of monitoring treatment 
response has previously been shown to be of no diagnostic 
value as Cb5- 9 can persist for several months following its 
deposition despite treatment with eculizumab, an inhib-
itor of C5 (18). However, given the strong association of 
non- lesional C5b- 9 positivity with active LN seen in our 
study, non- lesional C5b- 9 could serve as a biomarker for 
active LN in those individuals lacking hypocomplemen-
temia or rising dsDNA but have persistent proteinuria.

Cutaneous microvascular C5b- 9 deposition has previ-
ously been identified as a biomarker for systemic comple-
ment pathway activation in diseases associated with 
TMA.8 12 TMA is characterised by thrombocytopenia and 
microangiopathic haemolytic anaemia (MAHA) with 
microvascular thrombosis resulting in systemic organ 
damage. One form of TMA is complement- mediated 
TMA (CM- TMA), of which aHUS and TMA associated 

Table 2 Individual case characteristics

Case Age/sex LN status
C5b- 9 
staining LN class

Simultaneous 
skin/renal biopsy

AI/CI 
score

IFTA 
(%) uPCR

Low C3 
or C4

Elevated 
dsDNA

1 35F Active Negative III/V Yes 2/2 10 2.12 Yes Yes

2 29F Inactive Positive III No 6/2 10 0 No Yes

3* 44F Inactive Negative IV No 0.37 Yes No

4 46M Active Positive IV Yes 8/2 15 5.8 Yes Yes

5 25F Inactive Negative III No 6/6 10 0.64 No Yes

6* 28F Inactive Negative V No 0.11 No No

7*† 57F Inactive Negative No

8 43F Inactive Negative III No 7/2 5 0 No No

9 22M Active Positive IV/V Yes 6/4 30 2.9 No Yes

10 39F Active Positive IV Yes 12/6 35 4.6 Yes Yes

11 58M Inactive Negative IV/V No 14/2 30 0.7 Yes Yes

12 34F Inactive Negative V Yes 0/1 5 1.2 Yes Yes

13 25F Active Positive III No 5/6 25 6.46 No Yes

14 30F Active Negative IV/V Yes 13/5 30 2.76 Yes Yes

15 51M Active Negative IV Yes 15/5 40 2.70 Yes Yes

16 30F Active Positive III Yes 10/0 7.5 9.80 Yes Yes

*Renal biopsy interpretation not available in electronic health record.
†Anuric and did not provide labs at visit.
AI, Activity Index; CI, Chronicity Index; dsDNA, double- stranded DNA; IFTA, interstitial fibrosis tubular atrophy; LN, lupus nephritis; uPCR, 
urine protein creatinine ratio.

Table 3 Sensitivity and specificity of significant 
microvascular C5b- 9 (ie, 10 or more positive staining 
vessels) in non- lesional skin biopsy compared with 
traditional biomarkers of LN disease activity

Sensitivity (%) Specificity (%)

Positive C5b- 9 deposition 62.5 87.5

Elevated dsDNA 100 42.8

Low complements 75 57.1

Pyuria 87.5 62.5

Haematuria 87.5 100

uPCR >0.5 100 57.1

Haematuria greater than 5 red blood cell/hpf. Pyuria greater 
than 5 white blood cell/hpf. Hypocomplementemia and dsDNA 
determined by testing laboratory’s reference values.
dsDNA, double- stranded DNA; LN, lupus nephritis; uPCR, urine 
protein creatinine ratio.
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LN are subgroups.23 A pauci- inflammatory thrombo-
genic vasculopathy, the histological hallmark of TMA, is 
observed in 8%–17% of LN biopsies24 25 and is associated 
with a poor renal response.23 26 In a retrospective study 
of 79 patients with LN- associated TMA on renal biopsy 
and 79 without TMA- associated LN, TMA- associated LN 
was associated with a higher incidence of acute haemo-
dialysis (35% vs 5%; p<0.002), higher IFTA (43% vs 13%, 
p<0.001) and inferior 3- year renal survival rates (68% 
vs 89%, p=0.002).27 Case series report that refractory 
TMA associated LN is highly responsive to treatment 
with the complement inhibitor eculizumab, with one 
study showing renal recovery in 80% of patients.23 26 In 
unpublished data at our institution, we found seven of 
nine (77%) patients with TMHA who were subsequently 
treated with either eculizumab or ravulizumab, also had 
a non- lesional skin biopsy positive for significant micro-
vascular C5b- 9 deposition. Of those seven, four had renal 
TMA on biopsy as well. In this study, all the patients had 
undergone a kidney biopsy at some point in their clinical 
course including nine patients who had a recent kidney 
biopsy that was temporally associated with the skin biopsy. 
None of the patients had evidence of TMA on renal 
biopsy nor was there laboratory evidence of MAHA at the 
time of skin biopsy including cases that showed evidence 
of systemic complement pathway activation on the skin 
biopsy. Hence, levels of non- lesional microvascular C5b- 9 
indicative of systemic complement pathway activation can 
be seen in settings other than systemic or intrarenal TMA.

Unlike catastrophic APS, asymptomatic aPL and APS 
are not associated with systemic complement pathway 
activation, therefore we did not exclude SLE patients 
with asymptomatic aPL or APS from our study. This is 
supported by our finding that neither of the two patients 
with secondary APS had C5b- 9 positivity and that there 
was no statistical difference between the presence of 
asymptomatic aPL in patients with and without C5b- 9 
positivity (2 vs 3, respectively; p=1.0) (table 1).

In patients with active LN, the probable basis is one 
of the classic complement pathway activations driven 
by immune complexes. While complement inhibition 
is a standard treatment in TMA syndromes and has 
proven to be efficacious in other complement- driven 
diseases such as neuromyelitis optica28 and cold agglutin 
disease,29 the efficacy of complement inhibition in the 
setting of LN without thrombotic angiopathy has not 
been established, although clinical trials with ravuli-
zumab, a long- acting monoclonal antibody inhibitor of 
C5, and vemircopan, an oral inhibitor of Factor D, are 
currently in progress. Lupus prone mice treated with a 
monoclonal antibody specific for C5, effectively blocking 
the formation of C5b- 9 resulted in a delayed onset of 
proteinuria, prolonged survival and improved renal 
pathologic changes, implicating a role for complement 
inhibitors in the treatment of LN irrespective of TMA.30 
There are ongoing phase II studies of complement 
inhibitors such as eculizumab in LN to assess efficacy 
and safety. Stratifying results by the presence or absence 

Table 4 Current and prior SLE specific medication use at the time of non- lesional skin biopsy

C5b- 9 positive (n=6) C5b- 9 negative (n=10) P value

Current medications, N (%)

  Hydroxychloroquine 5 (83) 9 (90) 0.63

  Glucocorticoid steroids 6 (100) 6 (60) 0.23

  Prednisone >40 mg* 2 (33) 3 (30) 0.17

  Mycophenolate mofetil† 3 (50) 4 (40) 0.55

  Mycophenolate mofetil >2 g 1 (17) 1 (10) 0.89

  Calcineurin inhibitor 1 (17) 2 (20) 0.69

  Belimumab 1 (17) 1 (10) 0.89

  Ravulizumab 0 1 (10) 0.63

  Other‡ 2 (33) 1 (10) 0.60

Prior medications

  Belimumab 0 1 (10) 0.56

  Rituximab 1 (17) 3 (30) 0.56

  Glucocorticoid steroids 6 (100) 4 (40) 0.23

  Cyclophosphamide 1 (17) 5 (50) 0.31

  Azathioprine 2 (33) 4 (40) 0.61

  Mycophenolate mofetil† 1 (17) 6 (60) 0.15

  Calcineurin inhibitor 1 (17) 1 (10) 0.62

*Prednisone equivalent dosing.
†Includes mycophenolic acid.
‡Azathioprine or methotrexate.
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of evidence of systemic complement pathway activation 
like non- lesional C5b- 9 would be of interest. Addition-
ally, future studies can provide data to determine which 
patients with LN benefit from complement inhibition 
in relation to following: intrarenal TMA, systemic TMA, 
intrarenal C5b- 9 or non- lesional C5b- 9.

Our study is limited by the small sample size, limiting 
our ability to capture true clinical differences between 
groups. Additionally, the absence of recent renal biop-
sies in patients with inactive disease prevents descrip-
tion of the renal histology at the time of skin biopsy. 
Finally, the short period of follow- up in patients with 
active LN precluded studying the predictive value 
related to outcome or treatment response in relation 
to C5b- 9 deposition.

This is the first study to demonstrate evidence in 
non- lesional skin of levels of microvascular C5b- 9 
indicative of systemic complement pathway activation 
in patients with LN. C5b- 9 deposition consistent with 
systemic complement pathway activation is statistically 
more common and demonstrated greater specificity 
than most historical biomarkers in active LN. Our 
findings support a potential role for microvascular 
C5b- 9 assessment in non- lesional skin as a biomarker 
for LN activity and subsequently decreasing the need 
for more invasive testing like repeat renal biopsy. 
Longer term follow- up is needed to assess if non- 
lesional skin C5b- 9 is associated with unsatisfactory 
treatment response and/or poor outcomes in active 
LN. Furthermore, larger studies that are adequately 
powered to assess the association between renal histo-
logical activity index and tubulointerstitial changes on 
long- term outcomes are also needed.

Contributors Each author contributed to the research design. CM was responsible 
for histological assessment of all non- lesional skin biopsies. HMB and MA were 
responsible for performing skin biopsies and determination of lupus activity. MA 
wrote the manuscript, which was reviewed and edited by HMB and CM. HMB was 
responsible for overall content as the guarantor.

Funding Funding for the immunohistochemical C5b- 9 studies was through the 
Department of Pathology, Weill Cornell Medicine. Cost of study materials was 
supported by Dr Belmont’s philanthropic support from Spiegel Fund.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting or dissemination plans of this research.
Patient consent for publication Not applicable.
Ethics approval This study involves human participants and was approved by 
New York University Langone Health IRBID S22- 00905. Participants gave informed 
consent to participate in the study before taking part.
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement All data relevant to the study are included in the 
article.

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
Meghan Anderson http://orcid.org/0000-0002-4587-9456

REFERENCES
 1 Lech M, Anders HJ. The pathogenesis of lupus nephritis. J Am Soc 

Nephrol 2013;24:1357–66. 
 2 Bao L, Cunningham PN, Quigg RJ. Complement in lupus nephritis: 

new perspectives. Kidney Dis (Basel) 2015;1:91–9. 
 3 Wang S, Wu M, Chiriboga L, et al. Membrane attack complex 

(Mac) deposition in lupus nephritis is associated with hypertension 
and poor clinical response to treatment. Semin Arthritis Rheum 
2018;48:256–62. 

 4 Wilson HR, Medjeral- Thomas NR, Gilmore AC, et al. Glomerular 
membrane attack complex is not a reliable marker of ongoing C5 
activation in lupus nephritis. Kidney Int 2019;95:655–65. 

 5 Belmont HM, Levartovsky D, Goel A, et al. Increased nitric oxide 
production accompanied by the up- regulation of inducible nitric 
oxide synthase in vascular endothelium from patients with systemic 
lupus erythematosus. Arthritis Rheum 1997;40:1810–6. 

 6 Belmont HM, Buyon J, Giorno R, et al. Up- regulation of endothelial 
cell adhesion molecules characterizes disease activity in systemic 
lupus erythematosus. Arthritis Rheum 1994;37:376–83. 

 7 Izmirly PM, Barisoni L, Buyon JP, et al. Expression of endothelial 
protein C receptor in cortical peritubular capillaries associates with 
a poor clinical response in lupus nephritis. Rheumatology (Oxford) 
2009;48:513–9. 

 8 Magro CM, Momtahen S, Mulvey JJ, et al. Role of the skin biopsy 
in the diagnosis of atypical hemolytic uremic syndrome. Am J 
Dermatopathol 2015;37:349–56; 

 9 Laurence J, Nuovo G, Racine- Brzostek SE, et al. Premortem 
skin biopsy assessing microthrombi, interferon type I antiviral 
and regulatory proteins, and complement deposition correlates 
with coronavirus disease 2019 clinical stage. Am J Pathol 
2022;192:1282–94. 

 10 Magro CM, Mulvey JJ, Laurence J, et al. The differing 
pathophysiologies that underlie COVID- 19- associated Perniosis 
and thrombotic retiform purpura: a case series. Br J Dermatol 
2021;184:141–50. 

 11 Magro CM, Mulvey JJ, Laurence J, et al. Docked severe acute 
respiratory syndrome coronavirus 2 proteins within the cutaneous 
and subcutaneous microvasculature and their role in the 
pathogenesis of severe coronavirus disease 2019. Hum Pathol 
2020;106:106–16. 

 12 Elhadad S, Chadburn A, Magro C, et al. C5B- 9 and MASP2 
deposition in skin and bone marrow microvasculature characterize 
hematopoietic stem cell transplant- associated thrombotic 
microangiopathy. Bone Marrow Transplant 2022;57:1445–7. 

 13 Hochberg MC. Updating the American college of rheumatology 
revised criteria for the classification of systemic lupus 
erythematosus. Arthritis Rheum 1997;40:1725. 

 14 Rother RP, Rollins SA, Mojcik CF, et al. Discovery and development 
of the complement inhibitor eculizumab for the treatment 
of paroxysmal nocturnal hemoglobinuria. Nat Biotechnol 
2007;25:1256–64. 

 15 Domingues V, Levinson BA, Bornkamp N, et al. Serum albumin at 1 
year predicts long- term renal outcome in lupus nephritis. Lupus Sci 
Med 2018;5:e000271. 

 16 Tamirou F, Lauwerys BR, Dall’Era M, et al. A proteinuria cut- off level 
of 0.7 G/day after 12 months of treatment best predicts long- term 
renal outcome in lupus nephritis: data from the MAINTAIN nephritis 
trial. Lupus Sci Med 2015;2:e000123. 

 17 Almaani S, Meara A, Rovin BH. Update on lupus nephritis. Clin J Am 
Soc Nephrol 2017;12:825–35. 

 18 Mok CC, Teng YKO, Saxena R, et al. Treatment of lupus nephritis: 
consensus, evidence and perspectives. Nat Rev Rheumatol 
2023;19:227–38. 

 19 Lledó-Ibáñez GM, Xipell M, Ferreira M, et al. Kidney biopsy in lupus 
nephritis after achieving clinical renal remission: paving the way for 
renal outcome assessment. Clin Kidney J 2022;15:2081–8. 

 20 Liu C- C, Manzi S, Danchenko N, et al. New advances in 
measurement of complement activation: lessons of systemic lupus 
erythematosus. Curr Rheumatol Rep 2004;6:375–81. 

 21 Wang S, Wu M, Chiriboga L, et al. Membrane attack complex (MAC) 
deposition in renal tubules is associated with interstitial fibrosis and 
tubular atrophy: a pilot study. Lupus Sci Med 2022;9:e000576. 

 22 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. 

 23 Park MH, Caselman N, Ulmer S, et al. Complement- mediated 
thrombotic microangiopathy associated with lupus nephritis. Blood 
Adv 2018;2:2090–4. 

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://lupus.bm

j.com
/

Lupus S
ci M

ed: first published as 10.1136/lupus-2023-000996 on 24 O
ctober 2023. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-4587-9456
http://dx.doi.org/10.1681/ASN.2013010026
http://dx.doi.org/10.1681/ASN.2013010026
http://dx.doi.org/10.1159/000431278
http://dx.doi.org/10.1016/j.semarthrit.2018.01.004
http://dx.doi.org/10.1016/j.kint.2018.09.027
http://dx.doi.org/10.1002/art.1780401013
http://dx.doi.org/10.1002/art.1780370311
http://dx.doi.org/10.1093/rheumatology/kep034
http://dx.doi.org/10.1097/DAD.0000000000000234
http://dx.doi.org/10.1097/DAD.0000000000000234
http://dx.doi.org/10.1016/j.ajpath.2022.05.006
http://dx.doi.org/10.1111/bjd.19415
http://dx.doi.org/10.1016/j.humpath.2020.10.002
http://dx.doi.org/10.1038/s41409-022-01723-5
http://dx.doi.org/10.1002/art.1780400928
http://dx.doi.org/10.1038/nbt1344
http://dx.doi.org/10.1136/lupus-2018-000271
http://dx.doi.org/10.1136/lupus-2018-000271
http://dx.doi.org/10.1136/lupus-2015-000123
http://dx.doi.org/10.2215/CJN.05780616
http://dx.doi.org/10.2215/CJN.05780616
http://dx.doi.org/10.1038/s41584-023-00925-5
http://dx.doi.org/10.1093/ckj/sfac150
http://dx.doi.org/10.1007/s11926-004-0012-5
http://dx.doi.org/10.1136/lupus-2021-000576
http://dx.doi.org/10.1016/j.kint.2017.11.023
http://dx.doi.org/10.1182/bloodadvances.2018019596
http://dx.doi.org/10.1182/bloodadvances.2018019596
http://lupus.bmj.com/


Anderson M, et al. Lupus Science & Medicine 2023;10:e000996. doi:10.1136/lupus-2023-000996 9

Lupus nephritis

 24 Wu L- H, Yu F, Tan Y, et al. Inclusion of renal vascular 
lesions in the 2003 ISN/RPS system for classifying lupus 
nephritis improves renal outcome predictions. Kidney Int 
2013;83:715–23. 

 25 Barber C, Herzenberg A, Aghdassi E, et al. Evaluation of clinical 
outcomes and renal vascular pathology among patients with lupus. 
Clin J Am Soc Nephrol 2012;7:757–64. 

 26 Kello N, Khoury LE, Marder G, et al. Secondary thrombotic 
microangiopathy in systemic lupus erythematosus and 
antiphospholipid syndrome, the role of complement and use of 
eculizumab: case series and review of literature. Semin Arthritis 
Rheum 2019;49:74–83. 

 27 Zhang B, Xing G. Thrombotic microangiopathy mediates poor 
prognosis among lupus nephritis via complement lectin and 
alternative pathway activation. Front Immunol 2022;13:1081942. 

 28 Pittock SJ, Berthele A, Fujihara K, et al. Eculizumab in Aquaporin- 
4- positive neuromyelitis optica spectrum disorder. N Engl J Med 
2019;381:614–25. 

 29 Jäger U, D’Sa S, Schörgenhofer C, et al. Inhibition of complement 
C1S improves severe hemolytic anemia in cold agglutinin disease: a 
first- in- human trial. Blood 2019;133:893–901. 

 30 Wang Y, Hu Q, Madri JA, et al. Amelioration of lupus- like autoimmune 
disease in NZB/Wf1 mice after treatment with a blocking Monoclonal 
antibody specific for complement component C5. Proc Natl Acad Sci 
U S A 1996;93:8563–8. 

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://lupus.bm

j.com
/

Lupus S
ci M

ed: first published as 10.1136/lupus-2023-000996 on 24 O
ctober 2023. D

ow
nloaded from

 

http://dx.doi.org/10.1038/ki.2012.409
http://dx.doi.org/10.2215/CJN.02870311
http://dx.doi.org/10.1016/j.semarthrit.2018.11.005
http://dx.doi.org/10.1016/j.semarthrit.2018.11.005
http://dx.doi.org/10.3389/fimmu.2022.1081942
http://dx.doi.org/10.1056/NEJMoa1900866
http://dx.doi.org/10.1182/blood-2018-06-856930
http://dx.doi.org/10.1073/pnas.93.16.8563
http://dx.doi.org/10.1073/pnas.93.16.8563
http://lupus.bmj.com/

	Microvascular C5b-9 deposition in non-lesional skin in patients with SLE and its correlation with active lupus nephritis: a prospective observational study
	Abstract
	Introduction
	Patients and methods
	Patient involvement

	Results
	Discussion
	References


