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Introduction: Complement activation, inflammation, and fibrosis play central roles in the mechanisms of
injury in autoimmune glomerulonephritis (GN) but they are seldom assessed in epidemiologic studies.
The measurement of urinary biomarkers of these pathways of injury could parallel disease activity and add
clinical value beyond proteinuria.

Methods: We performed a prospective cohort study of 100 patients with focal and segmental glomer-
ulosclerosis (FSGS), membranous nephropathy (MN), IgA nephropathy (IgAN), lupus nephritis (LN), anti-
neutrophil cytoplasmic autoantibody—associated vasculitis (AAV), and membranoproliferative GN (MPGN)
followed for 33 (18-54) months. Repeated urinary samples were collected throughout their follow-up to
determine proteinuria, urinary sC5b-9, monocyte chemoattractant protein-1 (MCP-1), and transforming
growth factor-beta 1 (TGF-P1), expressed as creatinine ratios. We identified 177 periods of active and
inactive disease based on current remission definitions for each disease.

Results: Urinary sC5b-9, MCP-1, and TGF-f1 were present in each disease. In periods leading to a
remission, the reduction of urinary sC5b-9 was 91%, greater than for proteinuria with 76%. During inactive
periods, those who did not experience a relapse maintained lower levels of biomarkers compared with
those who relapsed. At that time, the increase in urinary sC5b-9 was significantly greater than the rise in
proteinuria (8.5-fold increase compared with 3.2-fold) and urinary MCP-1 and TGF-B1. Using current
remission definitions for each disease, thresholds for each biomarker were determined using receiver
operating characteristic curves. Individuals who averaged levels below these cutoffs during their follow-up
had better renal outcomes.

Conclusion: In autoimmune glomerular diseases, urinary sC5b-9, MCP-1, and TGF-p1 are present and
parallel disease activity and outcomes. Urinary sC5b-9 appears to be a more discerning marker of
immunologic remissions and relapses.
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he assessment of patients with glomerular diseases whereas others with persistent proteinuria would not
during their follow-up focuses on monitoring pro- have progressed and arle needlessly exposed to immu-
teinuria, blood pressure, and renal function. Defini- nosuppressive therapy.  Pathology findings are invalu-

able but are not often reassessed to guide patient care.
Complement activation plays a central role in the
mechanisms of injury of autoimmune glomerular dis-
eases. Classical, alternative or lectin activation path-
ways lead to the cascade of C3 convertase, C5
convertase, and the formation of C3a, C5a, and C5b-9
(membrane attack complex [MAC]), mediating most of
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tions of active disease, remission, and relapse are
based on these, as is the decision to administer immu-
nosuppression. Unfortunately, these tools are imper-
fect, and some patients experience poor outcomes
because of unrecognized ongoing immunologic damage
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a cytokine involved in the healing process after tissue
injury.'™"” Urinary levels of soluble C5b-9 (sC5b-9),
MCP-1, and TGF—Bl have shown variable correlations
with outcomes.'"'” ** Published studies thus far have
not specifically addressed their serial measurement
during a typical disease course marked by episodes of
activity, remission, and relapse and whether they add a
predictive value on top of proteinuria.

We prospectively evaluated the presence and vari-
ations in urinary levels of sC5b-9, MCP-1, and TGF—BI
as surrogate markers of complement activation,
inflammation, and fibrosis in the course of autoimmune
glomerular diseases to assess their clinical value. By
being pathogenically linked to the mechanisms of
injury, we hypothesize that higher urinary levels of
these biomarkers will denote active disease and that
their variations help predict remissions, relapses, and
the loss of renal function.

MATERIALS AND METHODS

Study Design

We performed a prospective observational study in
subjects with autoimmune GN initiated in 2006 until
2020 in 2 hospitals affiliated with the University of
Montreal, Canada. Each center’s ethics committee
approved this study, and all participants gave
informed consent prior to enrolment to participate and
biobank urinary specimens to be used at a subsequent
time date to test new hypotheses relevant to their
disease. This work has been carried out in accordance
with the declaration of Helsinki.

Patients and Samples

We included all individuals with biopsy-proven FSGS,
MN, IgAN, LN, AAV, and MPGN who consented.
Patients with FSGS, MN, and IgAN were considered
primary. We collected from all available follow-ups the
blood pressure, serum creatinine, proteinuria, and
medication use including the number of antihyper-
tensive drugs, the use of renin-angiotensin system
blockade, and immunosuppressive treatments. Addi-
tional urinary samples were taken at the time of visits
to simultaneously determine each biomarker. Protein-
uria was determined from spot samples immediately
after collection in each center’s laboratory and
expressed in grams per gram (g/g) of creatinine. For all
other biomarkers, urine samples were stored at 4 °C,
centrifuged at 200g for 10 minutes, aliquoted in mul-
tiple 0.4-ml vials and stored at —80 °C until further
processing.

Definitions
We identified periods of active and inactive disease
according to proteinuria being above or below the
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Table 1. Remission definitions

Disease Remission definition
FSGS 50% decrease in profeinuria fo =3.5 g/d
MN 50% decrease in profeinuria fo =3.5 g/d
IgAN 50% decrease in proteinuria fo <1 g/d
LN 50% decrease in proteinuria fo <1 g/d
AAV Normal renal BVAS score at =6 mo after induction
MPGN 50% decrease in profeinuria fo <1 g/d

AAV, anti-neutrophil cytoplasmic autoantibody—associated vasculitis; BVAS, Birming-
ham vasculitis activity score; FSGS, focal and segmental glomerulosclerosis; IgAN, IgA
nephropathy; LN, lupus nephritis; MN, membranous nephropathy; MPGN, mem-
branoproliferative glomerulonephritis.

remission threshold (Table 1).”” *° For AAV, this was
not based on a level of proteinuria but by the presence
of a Birmingham vasculitis activity score of 0 at =6
months of follow-up.”” Active episodes were further
divided into those leading to a remission and those that
did not. Periods that lead to a remission were stopped
at the first measurement that satisfied the definitions in
Table 1. We recorded relapses, defined as a patient not
meeting the remission criteria after it had been reached.
Each episode required at least 2 measurements of all 4
biomarkers. To facilitate their comparison, we illustrate
each period using 3 different time points, the first
measurement (T1), the last (T3), and the average of all
between (T2), if present
(Supplementary Figure S1A). For active episodes lead-
ing to a remission, we assigned Tl to the highest
proteinuria.

The estimated glomerular filtration rate (eGFR) was
based on the CKD-EPI formula. We calculated the eGFR
loss during each episode by the difference in eGFR
between the first and last eGFR divided by the length
of observation. We recorded whether subjects experi-
enced a 50% decline in renal function or renal failure,
defined as an eGFR =15 ml/min per 1.73 m’.

Finally, we estimated the average level of biomarkers
(“exposure to”) by calculating the area under the curve
(AUC) of measurements using rectangular integration, a
simple method illustrated in  Supplementary
Figure S1B. An average by AUC for every biomarker
was calculated for each period and also for the entire
follow-up of a patient.

measurements  in

Urinary Biomarker Measurements

We used the human EIA Kits sC5b-9 (MicroVue, Quidel
Corp., San Diego, CA). The soluble MAC, approx-
imatively 1000 kDa, cannot pass through the glomer-
ular barrier in normal conditions but appears in the
urine in diseased states when locally expressed or
when filtrated because of a higher glomerular perme-
ability. Urine samples were diluted 1:3 in all but 27 of
the 836 samples, which were diluted 1:15. The assay’s
lower sensitivity threshold was 15 lg/L. Urinary MCP-

1691




CLINICAL RESEARCH

1 and TGE- B1 were measured using 2 Human Cyto-
kine/Chemokine plex kit (Millipore, St. Charles, MO)
on a multiplex platform (Eve Technologies Corp., Cal-
gary, Alberta, Canada). The assays’ lower sensitivity
thresholds were 2 and 10 ng/L for MCP-1 and TGF-}1,
respectively, and samples were not diluted. We report
the values of urinary MAC in micrograms per millimole
of creatinine and MCP-1, TGF-P1 in nanograms per
millimole of creatinine.

Statistical Analyses

Normally distributed variables are presented as means
&+ SDs and nonparametric variables as medians
(interquartile range). Correlations between biomarkers
and the loss of eGFR loss were calculated using
Spearman rho. Comparisons of the levels of bio-
markers between different diseases were done using
the Kruskal-Wallis, with subgroup analyses per-
formed with Mann-Whitney U tests. We could not
compare groups composed of different GN because
the diagnosis influenced the level of each biomarker.
However, it was possible to compare individuals to
themselves at different time points using the Wil-
coxon signed-rank test, regardless of their disease.
We tested whether proteinuria and urinary sC5b-9,
MCP-1, and TGF—BI changed from T1 to T3 and if
the proportion of change in each biomarker from T1 to
T3 was statistically different from that of proteinuria.
In those with a recurrent disease, we also assessed
whether the increments in each biomarker at the time
of a relapse differed in proportion from that of the
proteinuria.

For every sample measured, we determined whether
a patient was in remission or not and drew different
receiver operating characteristic curves for each disease
type with all the biomarkers’ values. The optimal
cutoff for each urinary biomarker was obtained by
identifying the point maximizing the sensitivity and
specificity product. We propose remission thresholds
for each new biomarker based on these cutoffs. This
was not done for proteinuria, as it is included in the
standard definitions of remission, with the exception of
AAV.

Finally, using the average level of biomarkers for the
entire follow-up, we categorized each individual as
having levels above or below the threshold for remis-
sion. Based on these categories, we assessed the sur-
vival from a 50% decline in renal function or end-stage
renal disease using Kaplan-Meier curves and log-rank
tests. We curtailed the curves when only 10% of the
cohort remained, which occurred at 6 years.”® Two-
tailed P values less than 0.05 were considered statisti-
cally significant. Analyses were performed using SPSS
software (version 24, SPSS Inc., Chicago, IL).
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RESULTS

Patient and Period Characteristics

One hundred patients participated in the study,
including 37 women. There were 19 FSGS, 16 MN, 27
IgAN, 18 LN, 18 AAV, and 2 MPGN, which were
considered autoimmune, noninfectious, and unrelated
to a monoclonal gammopathy of renal significance. Two
patients had diabetes but showed no signs of diabetic
nephropathy at the biopsy. The initial age varied from
36 & 11 years for LN to 64 & 12 years for AAV. Sub-
jects were followed for 33 (18-54) months, during
which they had a median 7 (4-11) new biomarker
measurements and twice as many proteinuria values.
The disease course in each patient was divided in ep-
isodes of activity as depicted in Supplementary
Figure S1A. These totaled 177 periods: 95 active
events (70 with and 25 without a remission) and 82
inactive episodes (Table 2).

Baseline Levels of Urinary Biomarkers During
All Active Periods (n = 95)

The initial eGFR varied from 22 £ 14 for AAV to 74 £
40 ml/min per 1.73 m’ for LN (Table 2). The initial
values of proteinuria, urinary sC5b-9, MCP-1, and TGF-
B1 for all active periods are shown in Figure 1. There
were 5 or fewer missing measurements for each
biomarker out of the 836 samples collected. Each
biomarker was measurable, and their level differed by
disease (all Kruskal-Wallis P = 0.001; see Figure 1 for
post hoc analyses). The differences between diseases
were more pronounced for proteinuria and urinary
MAC compared with urinary MCP-1 and TGF-P1.
Highest levels were observed in MN with medians of
42.2 (7.4-260.6) |lg/mmol of creatinine for urinary
sC5b-9 and 300 (201-516) and 8.2 (2.6—11.3) ng/mmol of
creatinine for urinary MCP-1 and TGF-B1, respectively.
By contrast, those with AAV and IgAN had initial
levels of urinary MAC of only 1.4 (0.8-14.7) and 2.6
(0.9-4.8) Ug/mmol creatinine, respectively. Initial
levels of urinary MCP-1 and TGE-B1 were the lowest in
patients with IgAN and MPGN. All initial measurement
of biomarkers during active disease intercorrelated
with each other (P =0.001, Spearman rho). In relation
to proteinuria, urinary sC5b-9 had the strongest asso-
ciation (r = 0.73), followed by urinary TGF-B1 (r =
0.52) and MCP-1 (r = 0.37).

Active Periods Leading to a Remission (n = 70)
The highest proteinuria levels were seen in FSGS pa-
tients with 8.3 (4.2-10.1) g/g of creatinine, MN with 9.4
(7.2-11.8) and LN with 6.8 (3.0-10.6). It was of 2.5
(1.2-4.1) for IgAN, 2.3 (1.2-5.8) for AAV, and 2.2 (1.6—
3.3) for MPGN (Table 2). The initial blood pressure was
of 134/81 4= 19/11 mm Hg with 2 (1-3) antihypertensive
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Table 2. Patient characteristics (N = 100)
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Variable FSGS (n = 19) MN (n = 16)
Age (yn) 54 + 19 556 + 13
Female sex, % 37 31
Total duration of follow-up (mo) 22 (13-41) 42 (19-63)
Active periods with remission (1) 16 12
Initial €GFR (ml/min per 1.73 m?) 44 + 28 61 + 34
Initial blood pressure (mm Hg) 133/80 + 19/10 141/82 + 16/12
Antihypertensive medication, n, % RASB 3 (2-3), 94 2 (1-2), 83
Initial proteinuria (g/g of creatinine) 8.3 (4.2-10.1) 9.4 (7.2-11.8)
Use of immunosuppression (%) 81 75
Durafion (mo) 10 (8-13) 8 (6-16)
Rate of renal function change® -12.6 + 22.0 -2.1+21.2
Active periods without remission (1) 5 3
Initial eGFR (ml/min per 1.73 m?) 40+ 7 74 + 25
Initial blood pressure (mm Hg) 146/81 + 1213 110/72 + 1472
Antihypertensive medication, n, % RASB 3 (1-4), 80 2 (2-2), 100
Initial proteinuria (g/g creatinine) 5.5 (4.4-7.9) 10.5 (7.3-12.0)
Use of immunosuppression (%) 40 67
Duration (mo) 16 (3-22) 7 (6-18)
Rate of renal function change® -156.1 +17.9 -7.8 £12.1
Inactive periods (1) 17 13
Initial eGFR (ml/min per 1.73 m?) 33+ 18 67 + 36
Initial blood pressure (mm Hg) 130/74 £ 19/11 127/76 + 20/11
Antihypertensive medication, n, % RASB 2 (2-3), 100 2 (2-4), 92
Initial proteinuria (g/g creatinine) 1.8 (1.3-2.6) 1.6 (0.4-2.4)
Use of immunosuppression (%) 47 23
Duration (mo) 11 (6-22) 27 (19-47)
Rate of renal function change® +0.5 £+ 5.3 -03+56
Relapse (%) 41 8

IgAN (n = 27)
41 +15
33
22 (13-54)
12
66 + 20
131/82 + 15/10
1(1-3), 91
2.5 (1.2-4.1)
92
9 (4-13)
-8.7 + 16.0
17
59 + 37
129/82 + 15/9
2 (1-3), 100
1.4 (1.1-3.0)
53
17 (7-38)
26457
12
66 + 32
136/81 + 11/7
2 (1-3), 82
0.6 (0.5-0.8)
58
14 (5-26)
+3.6 £ 14.0
25

LN (n = 18)
36+ 11
61
40 (20-71)
13
74 + 40
131/82 + 18/12
2 (0-3), 36
6.8 (3.0-10.6)
100
14 (10-20)
4+2.0+ 105
0

18
77 + 38
121/78 + 12/11
2 (1-4), 65
0.5 (0.2-1.0)
78
24 (18-47)
+06 + 45
1

AAV (n = 18)
64 + 12
22
36 (24-45)
13
22 + 14
144/81 + 20/14
2 (1-3), 60
2.3 (1.2-5.8)
100
5 (4-6)
1384 + 235
0

18
36+ 19
137/80 + 20/11
2 (1-3), 50
0.9 (0.3-1.6)
100
28 (19-37)
124 +54
6

MPGN (n = 2)
B £ 15
50
100 (95-106)
4
29 +7
110/71 + 8/9
3 (1-3), 75
2.2 (1.6-3.3)
100
36 (17-60)
24 +13
0

4
2245
123/81 £11/7
3 (1-3), 75
0.8 (0.5-0.9)
100
11 (3-23)
53 +50
50

AAV, anti-neutrophil cytoplasmic autoantibody—associated vasculitis; eGFR, estimated glomerular filtration rate; FSGS, focal and segmental glomerulosclerosis; IgAN, IgA nephropathy;
LN, lupus nephritis; MN, membranous nephropathy; MPGN, membranoproliferative glomerulonephritis; RASB, renin-angiotensin system blockade.
2In milliliters per minute per 1.73 m? per yr.

medication. Periods had a median 9 (5-13) months’
duration. Overall, 90% received immunosuppression.

Urinary biomarkers all significantly decreased dur-
ing remission (Figure 2). Overall, there was a reduction
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(g/g creatinine)
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in urinary sC5b-9 of 91% (72%—97%) from the first
(T1) to the last (T3) measurement, which was signifi-
cantly greater than the 76% (64%—85%) decline in
proteinuria (P = 0.001, Wilcoxon signed-rank test).
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Figure 1. Initial biomarker measurements during periods of active disease. Post hoc comparisons between groups were done using Mann-
Whitney U test. AAV, anti-neutrophil cytoplasmic autoantibody—associated vasculitis; FSGS, focal and segmental glomerulosclerosis; IgAN,
IgA nephropathy; LN, lupus nephritis; MCP-1, monocyte chemoattractant protein—1; MN, membranous nephropathy; MPGN, mem-
branoproliferative glomerulonephritis; TGF-B1, transforming growth factor beta 1.
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Figure 2. Changes in biomarkers during active and inactive periods. Periods of active disease leading to a remission (blue lines) or without a
remission (red lines) and inactive episodes (green lines) are illustrated at 3 different time points: T1, the first measurement; T3, the last
measurement; and T2, the average of all measurements in between. We show the percentage reduction in proteinuria and sC5b-9. AAV, anti-
neutrophil cytoplasmic autoantibody—associated vasculitis; FSGS, focal and segmental glomerulosclerosis; IgAN, IgA nephropathy; LN, lupus
nephritis; MCP-1, monocyte chemoattractant protein—1; MN, membranous nephropathy; MPGN, membranoproliferative glomerulonephritis; TGF-

[1, transforming growth factor beta 1.

This trend was observed for each disease, and the
difference was statistically significant for FSGS, MN,
and LN patients when tested individually. Overall,
there was only a 34% and 66% reduction in urinary
MCP-1 and TGF—BI, respectively, which was statisti-
cally less in comparison to proteinuria and urinary
MAC (P < 0.001).

Subjects with FSGS and IgAN experienced a greater
decline in renal function with aloss of 12.6 == 22.0and 8.7 +
16.0 ml/min per 1.73 m” per year, respectively. By contrast,
AAV patients gained 38.4 &= 23.5 and MN, LN, and MPGN
experienced little change in eGFR. We found no association
between biomarker levels assessed by the area under the
curve (AUC) with the change of renal function, although
there were few episodes per disease to analyze.

Active Periods Without a Remission (n = 25)

During these events, the proteinuria was 5.5 (4.4-7.9)
g/g of creatinine for FSGS (n = 5), 10.5 (7.3- 12.0) for
MN (n = 3), and 1.4 (1.1-3.0) for IgAN (n = 17)
(Figure 2). No subjects with AAV, LN, and MPGN

1694

experienced active periods without a remission. The
duration of follow-up was 16 (6—22) months and 52%
received immunosuppression. Using Wilcoxon signed-
rank tests, values did not significantly change from T1
to T3 for proteinuria (2.8 to 2.5 g/g creatinine) and for
urinary TGF-P1 (1.4 to 2.2 ng/mmol of creatinine),
whereas they tended to increase for urinary MAC (2.6
to 4.1 llg/mmol of creatinine, P = 0.049) and MCP-1
(126 to 206 ng/mmol of creatinine, P = 0.07). Overall,
the loss of renal function was 5.7 4= 10.6 ml/min per
1.73 m” per year. There were too few individuals in
each disease group to test the association with the rate
of renal function decline.

Inactive Periods (n = 82)

For these periods, the duration of follow-up was of 22
(11-32) months, and immunosuppression use varied
from 23% of episodes for MN patients to 100% for
AAV and MPGN patients (Table 2). For each disease
type, levels of each urinary biomarker assessed by the
AUC during inactive episodes were significantly lower

Kidney International Reports (2020) 5, 1690-1699
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compared with active episodes (Figure 2). There was
little change in renal function.

These periods were followed by a relapse in 16 cases
(20%). These occurred more frequently with MPGN,
FSGS, and IgAN and more rarely with LN, AAV, and MN
(Table 2). In inactive periods not followed by a relapse
(n = 66), there was a significant reduction of 41%, 40%,
38%, and 40% for proteinuria, urinary MAC, MCP-1,
and TGF-P1, respectively (all P = 0.03). By contrast,
these biomarkers remained unchanged in those who
eventually relapsed (n = 16), except for a reduction in
TGE-P1 (with a T1 to T3 reduction of 30%, P = 0.02).

Finally, we compared for each biomarker the last
value during inactive episodes with the subsequent
first value during a relapse. Although proteinuria
increased 3.2-fold (1.9-8.3), it rose 8.5-fold (4.2-56.9)
for urinary MAC (P = 0.001). Increases in urinary
MCP-1 and TGF-B1 at the time of a relapse were
significantly less pronounced, with 1.5-fold (0.8-2.1)
and 1.8-fold (1.3-3.6) rise (P = 0.02 and 0.005 for
urinary MCP-1 and TGF-f1, respectively, compared
with changes in proteinuria).

Proposed Reference Values for Urinary
Biomarkers

Because the levels of urinary biomarkers differed by
disease type, we sought to determine optimal cutoffs
using receiver operating characteristic curves. For each

Proteinuria

1.0 4 < remission threshold

0.8

>remission
threshold

0.6 -
0.4 4

P=0.009
0.2 4

Survival from 50% decline
in renal function or ESRD

Number at risk

< threshold 48 32 16 6
> threshold 52 27 n 5

Urinary MCP-1

10 < remission threshold

0.8 4 L‘_\_L|—|_I;
>remission

061 threshold

0.4 1 P=0.04
024

Survival from 50% decline
in renal function or ESRD

0

0 1 2 3 4 5 6
Number at risk Yr
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Table 3. Optimal cutoffs for urinary biomarkers based on clinical
remission definitions

Biomarker FSGS MN IgAN LN AAV

MPGN

sC5b-9 (ug/mmol creatinine) 7.7 8.7 12 0.8 0.5 1.9
MCP-1 (ng/mmol creatinine) 253 146 100 103 126 176
TGF-B1 (ng/mmol creatinine) 4.1 3.9 0.9 1.8 1.9 1.9

AAV, anti-neutrophil cytoplasmic autoantibody—associated vasculitis; FSGS, focal and
segmental glomerulosclerosis; IgAN, IgA nephropathy; LN, lupus nephritis; MCP-1,
monocyte chemoattractant protein—1; MN, membranous nephropathy; MPGN, mem-
branoproliferative glomerulonephritis; TGF-B1, transforming growth factor beta 1.

The optimal cutoff for proteinuria determined by receiver operating characteristic curve
for AAV was 1.0 g/g of creatinine. For other disease, the threshold for proteinuria was
based on definitions in Table 2.

simultaneous measurement, we assigned a remission
state based on the definitions in Table 1. The optimal
cutoffs representing a state of remission for each
biomarker are shown in Table 3, and the AUC of
receiver operating characteristic curves are given in

Supplementary Table S1.

Urinary Biomarkers and Survival from a 50%
Decline in Renal Function or End-Stage Renal
Disease

During the follow-up, 10 individuals experienced a
50% decline in renal function including 7 who devel-
oped end-stage renal disease. For each biomarker, we
categorized individuals in 2 groups based on whether
the average level assessed by the AUC for the entire
follow-up was above or below the thresholds deter-
mined in Table 3. Figure 3 illustrates an almost

Urinary sC5b-9

< remission threshold

threshold

0.6

0.4
P=0.02
0.2

42 23 9 4
58 36 18 7

Urinary TGF-31

< remission threshold

0.8 >remission
threshold

0.6

04 P=0.70
02

Figure 3. Renal outcome according to levels of proteinuria, urinary sC5b-9, monocyte chemoattractant protein—1 (MCP-1), and transforming

growth factor beta 1 (TGF-B1). ESRD, end-stage renal disease.
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Urinary MCP-1 or sC5b-9 < threshold

1.0
e
QD
I 081
£ ° :
S s 06 - Urinary MCP-1 and
2 s sC5b-9 > threshold
c
L3 04-
T ©
> c =
£ 8 021 P=0.19
S c
=
0 T T T T T T
0 1 2 3 4 5 6
Yr
Number at risk
< threshold 18 9 3 2
> threshold 34 19 8 3

Figure 4. Renal outcome in the subgroup with an elevated pro-
teinuria during follow-up according to urinary levels of sC5b-9 and
monocyte chemoattractant protein—1 (MCP-1). ESRD, end-stage
renal disease.

complete renal survival when biomarkers’ levels are
low. Among individuals with a proteinuria level above
the remission threshold during their follow-up (n =
52), 5 had low sC5b-9, 10 had low MCP-1, and 3 had
both biomarkers below the established remission
thresholds. Only 1 of these 18 subjects experienced an
event, which occurred after 5 years, although this was
not statistically significant (Figure 4), suggesting that
despite an elevated proteinuria, a low urinary MCP-1
or sC5b-9 portends a favorable outcome.

DISCUSSION

This prospective study explored the clinical value of
urinary sC5b-9, MCP-1, and TGF—BI in autoimmune
GN. Levels of these biomarkers differed between dis-
eases, were elevated in active disease, and declined
with a remission. In comparison to proteinuria, the
reduction in urinary MAC with a remission was
significantly greater, and in turn when a relapse
occurred, levels increased significantly more, support-
ing that urinary sC5b-9 is a more sensitive marker of
immunologic activity compared to proteinuria. Urinary
levels of MCP-1 and TGE-P1 differed less between GN
compared with proteinuria, and they also varied
significantly less during remissions and relapses.
Nevertheless, they were still associated with renal
outcomes. Interestingly, in patients who averaged a
proteinuria above the remission threshold during their
follow-up, we found that those who kept a low urinary
MAC or MCP-1 had a favorable outcome. We could not
demonstrate an added value using urinary TGE-BI,
although the proposed clinical threshold was low and
few in our cohort-maintained levels inferior to it.
There is an unmet need for biomarkers in autoim-
mune GN that could be used to monitor activity and
guide immunosuppressive treatment. Renal
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physiopathology offers strong evidence of complement
activation. Three pathways can initiate the cascade
leading to signaling, inflammation and activation of
innate and adaptive immunity.zﬁg’zg MCP-1, or CCL2, is
an inducible chemokine that can be locally produced in
the kidney in response to inflammatory stimuli and
that acts as a recruiter for monocytes, participating in
their transformation into macrophages.'’ It also par-
ticipates in recruitment of other cell types, notably T
and B lymphocytes and natural killer cells.””’" TGF-B1
is a cytokine with pleiotropic effects, notably immu-
noregulatory and antiproliferative actions. It partici-
pates in T-cell development and differentiation into
regulatory and central memory T cells among
others,”””” and also participates in the healing process
after tissue injury by acting in autocrine and paracrine
signaling pathways. Without adequate negative feed-
back, its action can prove harmful owing to the accu-
mulation of extracellular matrix.'*"”** Experimental
models of glomerular disease show improvement of
kidney lesions with complement, MCP-1, or TGF—BI
inhibitions, making them ideal candidate bio-
markers.””

We found that the levels of urinary biomarkers
during active disease differed between GN. Compared
with our published data in overt diabetic nephropathy
(DN) using a similar rnethodology,38 urinary MAC was
substantially higher in patients with FSGS, MN, and
LN. By contrast, IgAN, AAV, and MPGN patients
presented measurement levels of sC5b-9 similar to those
with DN. Median levels of MCP-1 and TGF-1 were up
to 5 times higher than those seen in DN.

Whether urinary sC5b-9 equates to glomerular
complement activation in autoimmune GN is debatable.
Evidence supports that irrespective of the GN, the
filtration of complementary components into the uri-
nary space can lead to the intraluminal generation of
sC5b-9 because of the lack of regulators on tubular
epithelial cells, eventually causing tubulointerstitial
injury.>*”*"' However, murine models of MN have
demonstrated that urinary excretion of MAC ceases
quickly once immune complexes are removed despite
persistent proteinuria, analogous to the disappearance
of PLA2R antibodies occurring prior to the decrease in
proteinuria.”> *” It could also be argued that the pres-
ence of urinary sC5b-9 stems from the passive filtration
of circulating sC5b-9 with higher glomerular perme-
ability, reflecting systemic rather than local formation.
However, there is no strong evidence of systemic
complement activation in primary MN and FSGS,
where the highest levels of urinary MAC were
found.””® In addition, studies have shown a poor
correlation between urinary and plasma values, which
should have been stronger if urinary measurements

Kidney International Reports (2020) 5, 1690-1699
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merely reflected the overflow of plasmatic sC5b-9.'7*

Other studies have addressed the clinical value of uri-
nary complement biomarkers in glomerular dis-
eases. ®1 778 In IgAN, a correlation exists between
urinary MAC and proteinuria, interstitial fibrosis, and
global glomerulosclerosis.”’ Evidence for higher uri-
nary sC5b-9 or its failure to disappear in MN has been
linked to a worse prognosis.'”'” Some of these studies
were only cross-sectional, and when they did present
follow-ups and outcomes, they considered the baseline
value of urinary sC5b-9.

Previous studies have assessed urinary MCP-1 in
AAV, revealing that levels were higher in active dis-
ease and associated with a worse prognosis.'"*” ' In
the course of AAV, higher initial urinary TGE-BI
values correlated with the absence of improved renal
function with immunosuppression.’” Tam et al. have
shown that urinary MCP-1 decreases before kidney
function improves”’ and in the randomized trial with
the C5a receptor inhibitor avacopan,’” urinary MCP-1
levels also declined markedly with remission, more so
with avacopan than in the control group. In LN, there
is also evidence of higher levels of MCP-1 in active
disease, with levels declining following immunosup-
pression and rising
relapse.'”*” ** In each of the GN we studied, previous
studies have shown urinary TGF-B1 levels to be
elevated during active disease and to correlate with
histologic characteristics and proteinuria.'””* >’
patients with MN, higher initial urinary TGF—Bl levels
were associated with a persistent nephrotic syndrome
and kidney function decline at 12 months.”’

The methodology employed in this study warrants
comments. We carefully delineated different periods of
activity for each individual as clinicians manage GN
mostly based on activity, remission, and relapse. To
our knowledge, this is the first study comparing mul-
tiple biomarkers in different autoimmune GNs simul-
taneously. Repeated observations for each patient along
the course of their disease allowed us to perform
repeated measures analysis irrespective of the type of
GN, as individuals were compared to themselves. Yet,
the number of subjects participating in this study was
modest and the power insufficient to show beyond
doubt an independent predictive value of these bio-
markers. Therefore, results from this study will
mandate further validation in larger cohorts. None-
theless, our data clearly suggest an added value of
urinary sC5b-9 and MCP-1.

To analyze outcomes using patients with different
GN, we established thresholds for remission for each
biomarker and disease. Although the relationship
between urinary sC5b-9, MCP-1, and TGE-Pl and
outcomes is perhaps overly simplified when

several months before a

In
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biomarker levels are dichotomized, the wuse of
thresholds helps illustrate their clinical applicability.
For FSGS and MN, urinary sC5b-9 cutoffs neared 8 [ig/
mmol of creatinine as opposed to cutoffs below 2 [ig/
mmol of creatinine for IgAN, LN, AAV, and MPGN. It
is possible that complement activation at the podo-
cyte, typical for FSGS and MN, facilitates tubular
excretion of sC5b-9 resulting in higher urinary levels
of this very large protein.”” In addition, the smaller
difference in thresholds for urinary MCP-1 and TGE-
B1 between GN (Table 3) could reflect that these small
peptides parallel inflammation and fibrosis in the
entire renal parenchyma, rather than limited to the
glomeruli. Interestingly, we previously proposed
cutoffs for MCP-1 and TGF-P1 in DN to predict a more
rapid loss of renal function of 48 and 1.3 ng/mmol,
respectively.”

A possible limitation of our study is that for some
active episodes, urgent immunosuppressive treatment
was already initiated before the first available urinary
sample, due to a delay in obtaining a histologic diag-
nosis before empiric therapy. This could in part
explain why we did not observe a significantly greater
decline in urinary MAC compared to proteinuria on
remission in AAV, as the steepest decrease in bio-
markers may not have been captured. We also did not
show an advantage of urinary biomarkers beyond
proteinuria in IgAN, perhaps because our patients did
not have severe disease (2.5 g/g of creatinine at baseline
during active episodes with a remission and 1.4 g/g for
active periods without one). Furthermore, immuno-
suppressive treatments were not standardized, making
it difficult to account for their effect on the proposed
biomarkers. Another limitation is the absence of inte-
gration of histology findings, as this influences out-
comes.”” ®> We did not find a correlation between
urinary biomarkers and change in kidney function
during individual periods. This could be due to the
short follow-up time of each episode and the limited
number of episodes.

There is growing interest in therapies aimed at
inhibiting complement activation, with several ongoing
trials on complement-targeting drugs and new treat-
ment opportunities underway.”**”** Reliably identi-
fying patients with local complement activation who
will benefit from these new drugs is essential. Our re-
sults suggest that urinary sC5b-9 is a sensitive marker
of complement activation and is more discriminating
than proteinuria in predicting remission and relapse.
Urinary sC5b-9 and MCP-1 have a predictive value for
renal outcomes, possibly beyond proteinuria. These
biomarkers could be clinically relevant to assess and
monitor more accurately immunologic activity and
thus be useful clinical tools to guide treatment.
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Figure S1. Period definitions and area under the curve
calculation. (A) T1 was defined as the first measurement
(or highest measurement in periods leading to a
remission), T3 as the last measurement, and T2 as the
average of all measurements in between T1 and T3. (B)
The area under the curve was estimated using
rectangular integration where the period between 2
measurements is divided into 2 rectangles of equal time
(x-axis) and height equal to each measurement (y-axis).
The summation of the surface of all rectangles divided
by the total time approximates the level of a biomarker
maintained during that period.

Table S1. Area under the ROC curve for different
biomarkers and diseases.
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