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Abstract

Objective. Lupus nephritis (LN) increases the risks of end-stage renal disease (ESRD) and death, but these risks
are difficult to estimate. Since complement factors play an essential role in the pathogenesis and are deposited in
the kidneys as C1q and C3, we studied whether these deposits predict ESRD and death in patients with LN.
Methods. We collected demographic, clinical and pathological data from 183 adult patients with LN classes II-V
diagnosed with a first native kidney biopsy. Pathological data included the localization and intensity of immuno-
fluorescence staining of C1q and C3. We obtained dates of incident ESRD and death from the United States Renal
Data System and National Death Index, respectively, and evaluated survival curves and hazard ratios for ESRD and
death as a composite outcome and as separate outcomes.

Results. The presence and intensity of deposits of C1g and C3 in glomeruli, tubular walls and vascular walls dif-
fered between classes and were associated with known unfavourable prognostic factors, such as hypertension,
hypoalbuminemia and hypocomplementemia. However, over a median follow-up of 7.5years, their presence and in-
tensity were associated with neither survival free of ESRD and death nor hazard ratios for ESRD and death.
Conclusion. Renal deposits of complement factors did not predict ESRD and death in patients with LN.
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Introduction factors, anti-dsDNA antibodies, the pattern of glomerular
damage, the extent of tubulointerstitial inflammation and
Lupus nephritis (LN) occurs in up to two-thirds of  the extent of interstitial fibrosis and tubular atrophy, but

patients with SLE and causes increased risks of end-  with variable certainty [3-8]. The effect of treatment to
stage renal disease (ESRD) and death [1-3]. These risks  reduce these risks, which often remains disappointing,
can be estimated based on clinical and pathological fac- s also poorly estimated with these factors [3, 7, 9]. Thus
tors, including race/ethnicity, hypertension, proteinuria, a prognosis is difficult to establish.

anaemia, serum levels of creatinine, complement The complement system plays an essential role in the

pathogenesis of LN. Immune complexes are deposited
or formed in the kidneys and bind complement factor
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Rheumatology key messages

o Deposits of complement factors in kidneys play a role in the pathogenesis of lupus nephritis.
o The relevance of such deposits for prognosis and treatment has been little studied.
e Such deposits did not predict end-stage renal disease and death in this large prospective cohort.

demonstrated in other renal diseases with dysregulation
of the complement system. In IgA nephropathy, for
example, mesangial deposits of C3, C4 and their end-
product C5b-9 are associated with progression of dis-
ease to ESRD, independent of glomerular filtration rate
(GFR) and proteinuria [13]. Therefore we studied whether
renal deposits of complement factors predict ESRD and
death in patients with LN.

Methods
Study population

The study population included patients with LN who
were >18years of age and had a first native kidney bi-
opsy at Brigham and Women’s Hospital from March
1990 through December 2016. We excluded patients
with minimal mesangial or advanced sclerosing LN [6].
For the present study, we additionally excluded 16
patients whose biopsies did not contain non-sclerosed
glomeruli assessed with immunofluorescence micros-
copy. The study complied with the Helsinki Declaration
and was approved by Brigham and Women’s Hospital’s
Institutional Review Board. Informed consent was not
obtained from the patients for this study, as approved
by the Institutional Review Board.

Demographic and clinical data

Demographic and clinical data were derived from
Brigham and Women’s Hospital’s Lupus Registry and
medical records. We systematically defined current
hypertension as two or more measurements of systolic
blood pressure >140 mmHg and/or diastolic blood pres-
sure >90mmHg within 1 month before or after the bi-
opsy. We recorded the use of medication within 1 month
before, but not after, the biopsy. We quantified organ
damage using the SLE SLICC/ACR damage index. We
excluded parameters reflecting renal damage from the
calculation of the SLICC/ACR damage index. We
recorded laboratory values within 1 month before the bi-
opsy and the serum level of creatinine 1year after the
biopsy. We recorded the presence of aPL antibodies,
systematically defined as the presence of aCL antibod-
ies, anti-p2-glycoprotein antibodies or lupus anticoagu-
lant measured at least twice, any time before the
biopsy. We calculated the estimated GFR (eGFR) using
the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation. We systematically defined protein-
uria as a urine protein:creatinine ratio of >1 g/g.
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Pathological data

The biopsies were assessed following standardized cri-
teria with light, immunofluorescence and electron mi-
croscopy. Based on assessment of the entire cortical
area, biopsies were classified according to the World
Health Organization/International Society of Nephrology/
Renal Pathology Society (WHO/ISN/RPS) classes. We
analysed biopsies with LN class Il and V as being class
V, class Ill and V as being class Il and class IV and V
as being class IV, reflecting similar reclassification when
designing treatment [3, 6]. The extent of glomeruloscle-
rosis was quantified as the percentage of segmentally
and/or globally sclerosed glomeruli. The extent of tubu-
lointerstitial inflammation, reflecting acute damage, and
the extent of interstitial fibrosis and tubular atrophy,
reflecting chronic damage, were quantified as the per-
centages involving the cortical area. Vascular damage
due to medial and subintimal sclerosis was systematic-
ally defined and quantified as moderate to severe if the
lumen was narrowed by >25%. Features of active and
chronic nephritis were quantified using the National
Institutes of Health (NIH) activity and chronicity indices.
Immunofluorescence staining was performed for IgG,
IgA and IgM, kappa and lambda light chains, C1q and
C3, fibrin and albumin. It was used to localize deposits
of C1g and C3 in the mesangium, glomerular capillary
walls, tubular walls and/or extraglomerular vascular
walls and to score the intensity on a scale of 0-4, with
trace intensity scored as 0.5. We categorized deposits
as absent when the intensity was <0.5 and as present
when the intensity was >1. Glomerular deposits
included the highest intensity of deposits in the mesan-
gium and/or capillary walls. We excluded non-specific
deposits from our analyses, including segmental glom-
erular deposits of only IgM, segmental glomerular
deposits of IgM and C3 and/or C1q in sclerotic areas
and linear deposits of IgG with only albumin along all
basement membranes.

ESRD and death

Dates of incident ESRD through December 2016 were
retrieved from the United States Renal Data System
(USRDS), a national record of patients who need renal
replacement therapy [14]. Medical records were linked
to the USRDS using unique identifiers following a data
use agreement with the USRDS. Dates of death through
December 2016 were retrieved from the National Death
Index by linkage to medical records using unique
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identifiers. We used the first occurrence of either ESRD
or death as a composite outcome.

Statistical analyses

We evaluated differences in continuous variables with
the Wilcoxon or Kruskal-Wallis rank-sum test, differen-
ces in categorical variables with Pearson’s chi-squared
test and correlations with Spearman’s coefficient. We
calculated the change in eGFR and the odds ratio for a
decline in eGFR over 1year after the biopsy with linear
and logistic regression, respectively. We drew curves for
survival free of ESRD and death and evaluated differen-
ces with the log-rank test. We calculated hazard ratios
for the composite outcome of ESRD and death and for
the single outcome of death with Cox’s proportional
hazards model and for the single outcome of ESRD with
Fine and Gray’s proportional subhazards model
accounting for death as a competing risk. We repeated
these calculations with adjustment for demographic
covariates, including age, sex, race/ethnicity and the
calendar year in which the biopsy was performed, with
adjustment for clinical covariates, including current
hypertension, the duration of SLE before the biopsy, the
SLICC/ACR damage index, the serum level of haemo-
globin, the serum level of albumin, the presence of pro-
teinuria and the presence of anti-dsDNA antibodies, or
with adjustment for pathological covariates, including
the extent of glomerulosclerosis, extent of tubulointersti-
tial inflammation, extent of interstitial fibrosis and tubular
atrophy, presence of moderate to severe vascular dam-
age and the pathological activity and chronicity indices,
while excluding patients with missing values of these
covariates.

Results

Demographic, clinical and pathological
characteristics

Table 1 displays the characteristics of the study popula-
tion, for all patients and for patients stratified by WHO/
ISN/RPS class.

Table 2 describes the presence and intensity of
deposits of C1g and C3. Glomerular C1g was more
often present in classes Ill (P=0.04), IV (P=0.009) and
V (P=0.03) than in class Il and was more intense in
classes Il (P=0.006), IV (P<0.001) and V (P=0.008)
than in class Il. Glomerular C3 was more often present
in classes IV (P=0.009) and V (P=0.005) than in class
I, was more intense in classes Il (P=0.03), IV
(P<0.001) and V (P=0.03) than in class Il and was
more intense in class IV than in classes Il (P=0.03) and
V (P=0.04). Tubular C1q was more often present in
class IV than in classes Il (P=0.02) and V (P=0.006).
Tubular C3 was more often present in classes i
(P=0.03), IV (P<0.001) and V (P<0.001) than in class
Il and more often present in classes IV (P=0.02) and V
(P=0.03) than in class lll. Vascular C3 was more often
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present in classes IV (P=0.04) and V (P=0.03) than in
class Il

Glomerular deposits of C1g were most often present
with glomerular deposits of C3, reflecting activation of
the classical complement pathway. Tubular deposits of
C1q with or without C3 were about as often present as
tubular deposits of C3 only, the latter reflecting activa-
tion of the alternative complement pathway. Vascular
deposits of C1g with or without vascular deposits of C3
were less often present than vascular deposits of C3
only. There were no differences between the WHO/ISN/
RPS classes, except that the presence of tubular depos-
its of C1q with or without C3 was less frequent and that
the presence of tubular deposits of C3 only was more
frequent in class V than in class lll (P=0.005) and class
IV (P=0.002) (Table 2).

The presence and intensity of deposits of C1q and C3
were associated with known prognostic factors, such as
lower haemoglobin;, lower serum levels of albumin, C3
and C4; and a higher frequency of anti-dsDNA antibod-
ies, except for vascular deposits of C3. The intensity,
but not the presence, of glomerular deposits of C1q and
C3 was negatively associated with the SLICC/ACR dam-
age index, excluding the parameters reflecting renal
damage, and with the presence of aPL antibodies. The
presence of tubular C1q and C3 was associated with a
higher frequency of hypertension, whereas the presence
of glomerular C3 was associated with a lower frequency
of hypertension. The presence and intensity of C1q and
C3 were also associated with a higher pathological ac-
tivity index and/or a lower pathological chronicity index.
The presence and intensity of deposits were not associ-
ated with the use of medication; the serum level of cre-
atinine; eGFR; the presence of aPL antibodies; the
extents of glomerulosclerosis, interstitial fibrosis and
tubular atrophy; and tubulointerstitial inflammation
(Supplementary Tables S1-S3, available at
Rheumatology online).

Change in kidney function

As a secondary analysis among 135 patients with avail-
able values of eGFR before and a median of 1.0year
after the kidney biopsy who did not develop ESRD,
eGFR increased overall with a median 1.4 ml/min/1.73
m?, but declined in 66 patients (48.9%). The presence
and intensity of glomerular C1q and C3 were associated
with an increase in eGFR in all patients and patients
with class Ill only and with lower odds for a decline in
eGFR in all patients only. The presence of tubular C1q
with or without C3 was associated with an increase in
eGFR and a lower odds for a decline in eGFR in all
patients and in patients with class IV, while the presence
of tubular C3 only was naturally associated with the re-
verse. Otherwise the presence and intensity of deposits
trended towards associations with an increase in eGFR
and lower odds for a decline in eGFR without statistical
significance (Supplementary Table S4, available at
Rheumatology online). Adjustment for demographic,
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TasLe 1 Characteristics of the study population

Characteristics All Class Il Class Il Class IV Class V
Number of patients, n 183 21 47 69 46
Age, median (IQR), years 36 (26-45) 36 (27-47) 31 (26-44) 35 (25-44) 40 (26-46)
Female, % 83.6 76.2 76.6 87.0 89.1
Race/ethnicity, %
White 36.1 33.3 38.3 391 30.4
Black 31.7 42.9 23.4 34.8 30.4
Hispanic 18.0 9.5 27.7 14.5 17.4
Asian 11.5 143 8.5 8.7 17.4
Other or unknown 2.7 0.0 21 29 4.4
Past medical history, %
Hypertension 58.5 71.4 53.2 62.3 52.2
Diabetes mellitus 4.9 4.8 6.4 29 6.5
Current hypertension, % 29.6 15.0 31.0 40.7 18.4
Duration of SLE, median (IQR), years 3.6(0.5-10.7) 5.8(1.7-10.7) 4.3(0.3-12.0) 3.5(0.4-9.4) 2.0(0.7-9.7)
SLICC/ACR damage index, median (IQR)? 2 (1-4) 2 (1-6) 2 (1-4) 2 (1-5) 1(0-4)
Medication, %
ACE inhibitors 28.3 15.0 27.9 33.3 27.9
NSAIDs 235 25.0 20.9 28.3 18.6
HCQ 51.2 70.0 48.8 50.0 46.5
High-dose corticosteroids® 30.7 35.0 34.9 33.3 20.9
Immunosuppressives® 21.1 25.0 25.6 16.7 20.9
Haemoglobin, median (IQR), g/dl 10.8(9.3-12.1) 11.8(11.0-12.9) 10.8(9.5-11.6) 10.1(8.7-10.9) 11.9(10.5-12.6)
Serum albumin, median (IQR), g/dl 3.2 (2.7-3.5) 3.7 (2.9-4.1) 3.4(2.9-3.7) 2.9(2.4-3.3) 3.2 (2.6-3.6)
Serum creatinine, median (IQR), mg/d| 0.9 (0.7-1.3) 0.8(0.7-1.2) 0.9(0.6-1.1) 1.1(0.8-1.8) 0.8 (0.6-1.0)
eGFR, median (IQR), ml/min/1.73 m? 93 (53-119) 112 (63-130) 104 (67-122) 77 (39-106) 97 (75-125)
Proteinuria, %4 73.3 421 60.5 87.1 79.0
Serum C3, median (IQR), mg/dI 59 (43-83) 76 (50-116) 66 (44-97) 48 (35-60) 73 (57-97)
Serum C4, median (IQR), mg/dl 9 (6-15) 11 (7-16) 10 (7-15) 7 (5-11) 12 (8-19)
Anti-dsDNA antibodies, % 81.1 79.0 80.5 95.1 60.5
aPL antibodies, %° 35.9 41.7 31.8 36.1 36.4
Glomerulosclerosis, median (IQR), % 5(0-22) 7 (0-23) 4(0-14) 7 (0-28) 7 (0-15)
IF/TA, median (IQR), % 10 (0-20) 5(0-10) 10 (0-15) 10 (0-30) 10 (0-10)
Any tubulointerstitial inflammation, % 14.3 10.0 19.2 17.4 6.5
Moderate-severe vascular damage, % 35.5 38.1 36.2 33.3 37.0
Pathological activity index, median (IQR)' 6 (2-11) 1(1-2) 6 (4-9) 11 (9-13) 1(1-2)
Pathological chronicity index, median (IQR)® 2(1-3) 1(0-3) 2 (1-3) 3(1-5) 1(0-3)

Values were missing for current hypertension in 24 patients, the duration of SLE in 4, the SLICC/ACR damage index in 11,
use of medication in 17, haemoglobin in 14, serum albumin in 18, serum creatinine and eGFR in 12, serum C3 in 31,
serum C4 in 33, proteinuria in 26, anti-dsDNA antibodies in 24, aPL antibodies in 91, the extent of glomerulosclerosis in 1
and the pathological activity and chronicity indices in 60.

3Excluding the parameters reflecting renal damage, maximum score of 37.

PPrednisone >20mg/day or equivalent.

CIncluding azathioprine, cyclophosphamide, mycophenolate mofetil, methotrexate and rituximab.

9Protein:creatinine ratio >1g/g.

€aCL antibodies, anti-$2-glycoprotein antibodies or lupus anticoagulant detected at least twice.

*Maximum score of 24.

9Maximum score of 12.

hQuantified on a scale of 0-4.

ACE: angiotensin-converting enzyme; IF/TA: interstitial fibrosis and tubular atrophy; IQR: interquartile range.

clinical or pathological covariates did not substantially death, of whom 45 (24.6%) developed ESRD and 14
change these associations. (7.7%) died with or without having developed ESRD.
The composite outcome was more common in class IV
than in patients with classes Il (P=0.03), Ill (P=0.04)
ESRD and death and V (P=0.03), while the follow-up period was similar
Over a median follow-up of 7.5years, 49 of all patients across classes (P=0.50, Supplementary Table S5, avail-
(26.8%) reached the composite outcome of ESRD and able at Rheumatology online).
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TaBLE 2 Renal deposits of complement factors

Complement factors All

Glomerular deposits

Presence of C1q, % 79.8
Presence of C3, % 90.2
Intensity of C1qg, median (IQR)? 2 (1-3)
Intensity of C3, median (IQR)? 2 (2-3)
Presence of C1q with or without C3, %P 86.4
Presence of C3 only, % 13.6
Tubular deposits
Presence of C1q, % 19.7
Presence of C3, % 45.4
Presence of C1q with or without C3, %° 41.4
Presence of C3 only, % 58.6
Vascular deposits
Presence of C1q, % 20.8
Presence of C3, % 71.6
Presence of C1q with or without C3, %4 28.4
Presence of C3 only, % 71.6

Complement deposits in lupus nephritis

Class Il Class Il Class IV Class V
57.1 80.9 84.1 82.6
71.4 89.4 92.8 95.7

1(0-2) 2(1-3) 3(2-3) 2 (1-3)

2(0.5-2) 2 (2-3) 3(2-3) 2 (2-3)
75.0 90.5 87.9 84.4
25.0 9.5 12.1 15.6
4.8 21.3 30.4 8.7
9.5 34.0 56.5 56.5
33.3 55.6 52.5 15.4
66.7 44.4 47.5 84.6
14.3 21.3 26.1 15.2
52.4 68.1 75.4 78.3
27.3 30.3 34.0 18.9
72.7 69.7 66.0 81.1

@Quantified on a scale of 0-4.

PPresence of C1q without C3 occurred in 4 patients.
°Presence of C1q without C3 occurred in 4 patients.
9Presence of C1q without C3 occurred in 3 patients.

Shown in Fig. 1, survival free of ESRD and death did
not differ between patients with or without deposits of
C1q or C3. Survival was not dependent on the intensity
of C1g (P=0.73) or C3 (P=0.25) or on the presence of
glomerular, tubular or vascular deposits of C1g with or
without C3 or of C3 only (P> 0.53).

When stratified by WHO/ISN/RPS class, the presence
and intensity of glomerular C3 was associated with a
lower hazard ratio for the composite outcome of ESRD
and death in patients with class IV only, but this associ-
ation disappeared when adjusting for demographic, clin-
ical or pathological covariates. Otherwise the presence
and intensity of deposits were not associated with
ESRD and/or death, without or with adjustments
(Supplementary Table S5, available at Rheumatology
online).

Separate analyses of glomerular deposits localized in
the mesangium or capillary walls did not change these
results.

Discussion

In this large population of patients with LN, renal depos-
its of complement factors C1q and C3 were associated
with unfavourable clinical and pathological prognostic
factors but did not predict ESRD and death. The ration-
ale for our study was the lack of consistent findings
from large populations with LN.

Two previous studies showed that the presence of
glomerular and vascular deposits of C1q did not predict
treatment effect, doubling of creatinine and ESRD [15,
16]. Glomerular C1g was also not associated with prog-
nostic factors. In one of these studies, interestingly, the

https://academic.oup.com/rheumatology

serum level of creatinine doubled less often when glom-
erular C1qg had resolved in a second biopsy than when
it persisted [15].

A recent study showed that glomerular deposits of C3
were associated with active LN, unfavourable prognostic
factors and a beneficial treatment effect, but only if
stained with an antibody against C3c rather than against
C3d, possibly because C3c is cleared faster than C3d
[9]. In our study, deposits were stained with an antibody
against generic C3, including the long-lasting C3d,
which may explain why they were not associated with
prognosis.

In two other small studies, the presence of glomerular
deposits of C4d was independent of C1q and C3 and
associated with more severe proteinuria and a higher
pathological activity index in one, but not the other [17,
18]. Follow-up was available only for the former: all
patients who developed ESRD exhibited these deposits,
but none of those who did not develop ESRD, which
reached borderline statistical significance [17].

Activation and deposition of C1g, C3 and C4d leads
to the formation and deposition of C5b-9, which lyses
cell membranes [5, 10]. The presence and intensity of
glomerular C5b-9 were recently reported to be similar in
active and chronic LN and not associated with prognos-
tic factors, likely because C5b-9 is cleared slowly. Still,
a higher intensity predicted a lack of treatment effect.
The intensity of tubular C5b-9 was associated with the
extent of interstitial fibrosis and tubular atrophy, reflect-
ing chronic damage [9].

Tubular deposits were reported to be associated with
unfavourable prognostic factors and to predict doubling
of the serum level of creatinine, but only in a very small
population of patients with non-proliferative LN, without
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Fic. 1 Renal deposits of complement factors and survival free of ESRD and death
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Curves of survival free of the composite outcome of ESRD and death are shown for patients with and without glom-
erular deposits of (A) C1q and (B) C3, tubular deposits of (C) C1q and (D) C3 and extraglomerular vascular deposits
of (E) C1q and (F) C3 with P-values for differences between the curves. Curves are shown up to 15years after the
kidney biopsy, as <10% of the patients had a longer follow-up.
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specification of the deposits’ composition, and not after
adjustment for sex, the serum level of creatinine and the
pathological activity and chronicity indices [19].
Immunoelectron microscopy appeared more sensitive to
detect deposits than immunofluorescence microscopy.
Deposits detected by the latter were associated less
with prognostic factors.

The inconsistent findings may be explained by the
ambiguous role of complement factors in the pathogen-
esis of LN. In addition to inducing inflammation and cell
damage, they also help to clear immune complexes and
cellular debris. Deficiency of a complement factor there-
fore increases the risk of LN [3, 7, 10]. Our finding that
deposits of complement factors were more frequent in
the more proliferative classes of LN could be either a
cause or a consequence of the inflammation and cell
damage in these classes. A comparison with patients
who have SLE, but no or only subclinical LN, would help
to unravel the causal pathway, but these patients go
without a biopsy and cannot be included in studies like
ours. However, the absence of an association between
the duration of SLE before the biopsy and deposits of
complement factors in our study suggests that the
deposits may also be unrelated to the extents of inflam-
mation and cell damage.

Now that complement inhibitors are being developed
and tested for treatment of LN, it is essential to identify
patients who are likely to benefit. Insofar as renal
deposits of complement factors do not predict progno-
sis, it remains uncertain whether they are suitable to
guide treatment. Deposits of C5b-9 are regarded as a
prerequisite of treatment with eculizumab, which inhibits
the formation of C5b-9, but they have only been inci-
dentally studied and seem not to predict prognosis in
patients with LN [9]. Since both the classical and alter-
native complement pathways can lead to the formation
and deposition of C5b-9 in the kidney, the effect of ecu-
lizumab is unlikely to be predicted by patterns that re-
flect activation of the classical or the alternative
pathway, respectively, characterized by deposits of both
C1qg and C3, as found most often in glomeruli, or by
deposits of C3 only, as found most often in vascular
walls. In line with this presumption, our finding that nei-
ther pattern was associated with prognosis suggested
similar effectiveness of selective inhibition of either path-
way upstream of the formation of C5b-9.

In our study we recorded treatment before but not
after the biopsy, when the diagnosis of LN was estab-
lished. This may explain the relatively frequent use of
NSAIDs and the relatively infrequent use of HCQ, high-
dose corticosteroids and other immunosuppressive
medications. While treatment influences prognosis, it
was not associated with deposits of complement fac-
tors. We could not determine whether treatment before
the biopsy permitted or prevented their deposition.

Other limitations of our study relate to the discussions
above and provide research questions for future studies.
Staining of C4 was not performed, but can help to clar-
ify previous conflicting findings on the prognostic
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relevance of deposits of C4. Immunoelectron micros-
copy and mass spectrometry were not available, yet
may better detect deposits that are associated with
prognosis [19]. Serum levels of anti-dsDNA could not be
compared between patients due to changes in the
assay over time and anti-C1q antibodies could not be
measured, although both are associated with prognosis
[3, 6, 7]. Second kidney biopsies were not included,
while clearance rates seem to differ between comple-
ment factors [9], hinting at differences in the prognostic
relevance of complement factors deposited in a first and
second biopsy [15].

The assets of our study included a large population of
patients with LN for whom kidney biopsies and long-
term prospective follow-up were available. It helps to
clarify conflicting results from previous smaller studies,
suggests that renal deposits of complement factors
should not be added to prediction models and chal-
lenges their relevance to guide treatment with comple-
ment inhibitors.
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