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Key Points
 Prognostic biomarkers that identify patients with SLE at risk of developing lupus nephritis and progressing to kidney
failure are needed.
 Tubulointerstitial ﬁbrosis is an important pathologic feature of lupus nephritis and is associated with kidney disease
progression.
 Circulatory and urinary markers of collagen type III and type VI remodeling noninvasively reﬂect levels of kidney
ﬁbrosis in patients with lupus nephritis.

Abstract
Background Lupus nephritis (LN) occurs in ,40% of patients with SLE. Reliable biomarkers of kidney damage are
needed to identify patients with SLE at risk of developing LN to improve screening, treat the disease earlier, and halt
progression to kidney failure. Novel biomarkers of extracellular matrix remodeling were evaluated as markers of
kidney ﬁbrosis and disease activity in patients with LN.
Methods Biomarkers of the interstitial collagen type III (PRO-C3) and type VI (PRO-C6) formation and of collagen
type III (C3M) degradation were evaluated in the serum and urine of 40 patients with LN, 20 patients with SLE but
without LN, 20 healthy controls, and ten biopsy controls (histologic kidney inﬂammation/damage without SLE).
Their association with histologic markers of interstitial ﬁbrosis and tubular atrophy, with inﬂammatory cell
inﬁltration and with disease activity and chronicity in the patients with LN was assessed.
Results Despite PRO-C3 (serum) and PRO-C6 (serum and urine) being signiﬁcantly elevated in patients with LN
compared with healthy controls, the markers did not differentiate patients with LN from those with SLE. C3M
(urine) levels were not different in LN compared with the other groups. C3M (urine) strongly correlated and PRO-C6
(serum and urine) inversely correlated with kidney function (eGFR). The biomarkers of interstitial collagen turnover
PRO-C6 (serum) and C3M (urine) correlated with histologic markers of interstitial ﬁbrosis, tubular atrophy, and
monocyte inﬁltration.
Conclusions Noninvasive collagen turnover biomarkers are promising tools to identify patients with SLE with
kidney histologic modiﬁcations.
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Introduction
Lupus nephritis (LN) is a complication that can arise in
,40% of patients with SLE (1). The development of kidney disease is highly predictive of increased risk of
morbidity and mortality (2). Despite the availability of
treatment options for patients with SLE, the 5-year

cumulative incidence of ESKD was 6.4% among Black
patients versus 2.5% among White patients (3). Another
racial disparity has been observed on the risk of mortality after the development of LN-caused ESKD, with
Black patients having a signiﬁcantly increased risk of
death compared to other races (4). It is therefore of
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paramount importance to identify the patients with SLE at
the highest risk of developing LN and progressing to kidney
failure, especially in certain races and ethnicities (5).
LN is the result of immune complex deposition in the glomerulus and is associated with other mechanisms that can
lead to kidney injury identiﬁable only by histologic observation (5). The International Society of Nephrology/Renal
Pathology Society have classiﬁed six LN histologic classes
that help, in part, to inform the course of treatment (2,5).
The presence of diffuse interstitial ﬁbrosis, tubular atrophy,
and glomerular sclerosis in the biopsy indicate a poor prognosis (6).
Kidney biopsy is the standard procedure in patients with
SLE that develop signiﬁcant changes in their kidney function
parameters to conﬁrm the diagnosis of LN. Some experts
suggest that kidney biopsy should be considered with earlier
signs of kidney involvement, because even early ﬁndings can
strongly predict kidney outcome (6). Furthermore, the nature
of the pathology may change in a patient, which may require
a different course of treatment. In general practice, the
threshold for early biopsy is not well deﬁned, and surveillance biopsies are not common.
Despite several soluble biomarkers of kidney damage
and disease activity being suggested with varied success
in a number of LN cohorts (7,8), there are still no reliable
markers of kidney damage and activity in clinical use
that could complement or even substitute the need for
baseline or repeat biopsies and be used for early identiﬁcation of poor responders and for personalized treatment (9).
Differentially expressed extracellular matrix (ECM) proteins have been identiﬁed in urinary proteomic studies on
patients with LN (10–14); however, there is no systematic
study on ECM proteins as biomarkers of kidney damage
in the literature. In this study, we test for the ﬁrst time in
predominantly Black patients with LN noninvasive biomarkers of interstitial collagen formation and degradation
that were previously associated with adverse prognosis in
different CKD indications. We have selected two serological and urinary markers of collagen type III (CM3) and VI
formation (PRO-C3 and PRO-C6), and a urinary marker
of CM3 degradation. During ﬁbrosis progression, the balance between collagen formation and degradation tilts
toward increasing formation, deposition and crosslinking,
and a lower degree of collagen degradation and scar resolution. These markers reﬂect this mechanism and the possibility of measuring them with a simple and fast immunoassay that allows for repeated noninvasive measurements
over the course of the disease, which provides a more
dynamic picture of disease progression.
Our hypotheses were: (1) serological and urinary levels of
biomarkers of collagen turnover are different in patients with
LN than in patients with SLE with no kidney involvement;
(2) serological and urinary biomarkers of collagen turnover
reﬂect interstitial ﬁbrosis, and are associated with other
markers of kidney disease in patients with LN; (3) serological
and urinary biomarkers of collagen turnover reﬂect disease
activity (National Institutes of Health [NIH] Activity Index
and Systemic Lupus Erythematosus Disease Activity Index
2000) and histologic and disease damage (NIH Chronicity
Index and Systemic Lupus International Collaborating Clinics/American College of Rheumatology damage index).

Materials and Methods

Cohort
Patients were recruited from Grady Memorial Hospital,
Emory University Hospital, and Emory University Hospital
Midtown in Atlanta, Georgia, and included 40 patients with
LN, 20 patients with SLE but without LN, 20 healthy controls,
and ten patients with kidney pathology that was not due to
either SLE or LN (“biopsy controls”). All patients with SLE
met the 1997 update of the 1982 American College of Rheumatology revised classiﬁcation criteria for SLE, and were
recruited consecutively. Those with LN had signiﬁcant
enough clinical suspicion by their treating physicians to warrant a kidney biopsy, which was consistent with LN (15,16).
Those without LN had ,500 mg proteinuria and had no clinical suspicion of LN by their treating physicians.
All patients were treated throughout the study with standard of care therapies as determined by their treating physicians. Of the ten biopsy controls, one patient was diagnosed
with minimal change disease, four with secondary FSGS, two
with IgA nephropathy, one with thrombotic microangiopathy, and two with HIV-associated nephropathy. Serum
was available from all patients, whereas urine was available
from 37 LN, 17 SLE, 19 healthy controls, and nine biopsy controls. Ethical approval was granted by the Emory University
Institutional Review Board and the Grady Research Oversight Committee. All patients provided written, informed
consent, and the study was conducted in accordance with
the Declaration of Helsinki. Repeated serum and urine sampling were performed in the LN population at 3, 6, and 12
months (available serum from 26, 25, and 24 patients and
available urine from 25, 25, and 14 patients, respectively).
Baseline measurements at the time of biopsy were used to
compare the levels of biomarkers in circulation with clinical
and histologic parameters on core needle biopsies. Histology
was read and scored by a single study kidney pathologist
(A.B.F.). The histologic parameters considered in this study
were % interstitial ﬁbrosis, % tubular atrophy, and interstitial
mononuclear cell inﬁltration (NIH-A6) (17–19). When repeat
biopsies were available, the ﬁrst biopsy results were used for
correlation analyses.

Biomarkers
We selected assays measuring speciﬁc fragments of ECM
proteins reﬂecting the dynamic process of ECM turnover
(Table 1). Speciﬁcally, we focused on collagen type III turnover biomarkers (PRO-C3 and C3M, reﬂecting collagen
type III formation and degradation, respectively) previously
observed to be altered and associated to adverse outcomes in
CKD (20,21). Furthermore, we selected a fragment reﬂecting
collagen type VI (PRO-C6) formation, due to a previously
observed relevance of this biomarker for prognosis of CKD
(22–24). C3M was measured only in urine, whereas PROC3 and PRO-C6 were measured in both serum and urine of
the patients included in the cohort by means of ELISAs
developed at Nordic Bioscience (Herlev, Denmark). The procedures for the single ELISAs have been previously detailed
in the references listed in Table 1. The urinary biomarker
results were normalized for levels of urinary creatinine measured by the QuantiChrom Creatinine assay kit (BioAssay
Systems, Hayward, CA, USA).
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Biomarker assays measuring speciﬁc fragments of extracellular matrix proteins

Biomarker

Description

Serum

Urine

Reference in which
Procedure Is Described

x
x

x
x

(36)
(37)

x

(21,38)

Formation biomarkers
PRO-C3
N-terminal pro-peptide of collagen type III
PRO-C6
C-terminal of collagen type VI and endotrophin
Degradation biomarkers
C3M
MMP-9 mediated degradation of collagen type III

PRO-C3, biomarker of interstitial collagen type III; PRO-C6, biomarker of interstitial collagen type VI; C3M, biomarker of collagen type III.

Statistical Analyses
The biomarkers were not normally distributed; hence, statistical differences in biomarker levels between different
patient groups were calculated using the Kruskal–Wallis,
test with Dunn’s t test for multiple comparison. Differences
between levels of the markers at different time points were
calculated using the Friedman test with Dunn’s test for multiple comparison. Statistical differences in biomarker levels
between high and low NIH-Activity Index scores were calculated using the Mann–Whitney test. The correlograms of levels of the biomarkers and demographic, clinical, and histologic parameters report the rho calculated using Spearman
rank correlation. Partial Spearman correlation was used to
test the independent association of the levels of the biomarkers with the histologic parameters.

Results
The baseline demographic and clinical characteristics of
the LN cohort can be found in Table 2. The patients with
LN were predominantly young, Black women with CKD
from stages I–V, but mostly mild CKD, belonging mostly
to LN class III and/or IV. Most patients were treated with
prednisone, hydroxychloroquine, and/or mycophenolate
mofetil. The timing, method, and availability of baseline proteinuria was too variable to report.
The biomarkers were successfully measured in serum and
urine with a coefﬁcient of variation ,15% between double
determinations. In total, 10% of urine samples were below
the lower limit of quantiﬁcation (LLOQ) for C3M, 21%
were below LLOQ for PRO-C3, and 7% were below LLOQ
for PRO-C6. None of the serum samples were below LLOQ
for PRO-C3 and PRO-C6. Some of the biomarkers had a moderate correlation with each other. Speciﬁcally, PRO-C6 in
serum correlated with PRO-C6 in urine, PRO-C3 in serum,
and inversely correlated with C3M in urine. Moreover,
PRO-C6 in urine correlated with PRO-C3 in urine (Table 3).
PRO-C3 (serum) and PRO-C6 (serum and urine) were able
to discriminate patients with LN from healthy controls.
However, PRO-C3 and PRO-C6 in serum and C3M in urine
were not signiﬁcantly different in the patients with LN compared with the patients with SLE. In contrast, PRO-C3 (urine)
was decreased in patients with LN, compared with both
biopsy controls and SLE. Notably, levels of PRO-C3 (serum)
and PRO-C6 (serum and urine) were also elevated in the
biopsy controls (Figure 1). The high levels of these markers
in the biopsy controls were mostly driven by the patient

with thrombotic microangiopathy and by those with HIVassociated nephropathy.
When observing the effect of concomitant treatment, the 27
patients with LN treated with hydroxychloroquine had signiﬁcantly lower levels of PRO-C3 and PRO-C6 (serum)
than the others (data not shown). The other treatments did
not have any effect on the biomarkers.
A correlogram of levels of the biomarkers and demographics and clinical parameters is presented in Table 4. Of
note, two markers exhibited a strong correlation with kidney
function: PRO-C6 (serum and urine) inversely correlated
with eGFR and C3M (urine) correlated with eGFR. Moreover, PRO-C3 (serum) was inversely correlated with white
blood cell count and hemoglobin, and PRO-C6 (serum and
urine) inversely correlated with hemoglobin, which may be
indicators of the severity of kidney involvement.
PRO-C6 (serum) was more elevated, and PRO-C3 (urine)
was decreased in patients with a high NIH Activity Index
(Figure 2). There was no difference in biomarker levels in
patients with high versus low NIH Chronicity Index (data
not shown).
Table 5 shows the correlogram of levels of the biomarkers
and the histologic parameters examined in this study. C3M
in urine inversely correlated with interstitial ﬁbrosis and
tubular atrophy, whereas PRO-C6 in serum correlated with
interstitial ﬁbrosis and interstitial mononuclear cell inﬁltration. When eGFR was added as a confounder to the partial
correlation analyses, the correlations of C3M and PRO-C6
with the histologic features of ﬁbrosis and inﬂammation
lost their signiﬁcance (data not shown).
The longitudinal analysis of the biomarkers showed consistent levels over time. PRO-C6 (serum) appeared higher
at 12 months; however, the signiﬁcance was driven by an
outlier (Figure 3).

Discussion
Noninvasive biomarkers reﬂecting the burden and activity
of kidney ﬁbrosis in patients with SLE would be an important tool to identify patients with LN or at risk of developing
LN, to monitor disease progression and to inform the right
course of treatment. Although ECM proteins have been identiﬁed in the urinary proteome of patients with LN in several
studies (10–14), this is the ﬁrst time a systematic approach to
evaluate biomarkers of ECM remodeling in LN has been
undertaken, particularly in a high-risk population. We identiﬁed two promising biomarkers of kidney ﬁbrosis: the noninvasive biomarkers of collagen type VI formation and
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Table 2.

Baseline demographic and clinical parameters of the examined patients

Demographic/Clinical
Characteristic

Lupus Nephritis (n540),
Mean (SD) or n (%)

SLE (n520), Mean (SD)
or n (%)

Biopsy Controls (n512),
Mean (SD) or n (%)

Healthy Controls
(n520), Mean (SD)
or n (%)

Age, yrs
Sex, female
Race
Black
White
Other
Blood pressure
Systolic
Diastolic
eGFR
Platelet count
White blood cell count
Hemoglobin
LN class
III or IV only
II only
V only
VI only
NIH Activity Index
(range 0–24)
NIH Chronicity Index
(range 0–12)
SLEDAI 2K (range
0–105)
SLICC/ACR damage
index (range 0–47)
Concomitant treatment
Prednisone
Hydroxychloroquine
Methotrexate
Cyclophosphamide
Mycophenolate
mofetil
Azathioprine
Belimumab
Rituximab

35 (11)
33(82)

37.2 (9)
18 (90)

42 (13.1)
7 (58.3)

22.3 (7)
18 (90)

36 (90)
3 (7.5)
1 (2.5)

20 (100)
0 (0)
0 (0)

6 (50)
6 (50)
0 (0)

17 (85)
3 (15)
0 (0)

135 (17)
80 (11)
71 (33)
219 (94)
7.7 (5.3)
10 (1.8)

131 (12)
73 (9.1)
n/a
221 (73)
4.3 (3.7)
11.2 (3.1)

n/a
n/a
n/a
n/a
n/a
n/a

n/a
n/a
n/a
n/a
n/a
n/a

32 (67)
6 (12.5)
6 (12.5)
4 (8)
7.4 (5.1)

n/a
n/a
n/a
n/a
n/a

n/a
n/a
n/a
n/a
n/a

n/a
n/a
n/a
n/a
n/a

4.7 (2.3)

n/a

n/a

n/a

8.8 (5.6)

3.5 (3.2)

n/a

n/a

0.6 (1.0)

0.7 (1.1)

n/a

n/a

27
27
1
3
19

11 (55)
17 (85)
3 (15)
0 (0)
7 (35)

n/a
n/a
n/a
n/a
n/a

n/a
n/a
n/a
n/a
n/a

5 (25)
1 (5)
0 (0)

n/a
n/a
n/a

n/a
n/a
n/a

(67.5)
(67.5)
(2.5)
(7.5)
(47.5)

1 (2.5)
1 (2.5)
1 (2.5)

LN, lupus nephritis; NIH, National Institutes of Health; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; SLICC,
Systemic Lupus International Collaborating Clinics; ACR, American College of Rheumatology.

collagen type III degradation were signiﬁcantly associated
with either histologic extent of interstitial ﬁbrosis, tubular
atrophy, and/or interstitial mononuclear cell inﬁltration in
LN.

Table 3.

The examined cohort included LN patients enrolled in an
observational study in Atlanta. The prevalence of women in
the cohort reﬂects the prevalence of LN in the American population, where the female-to-male ratio ranges between 8:1

Correlogram of baseline biomarkers.
uPRO-C3/Crea

uPRO-C3/Crea
uPRO-C6/Crea
uC3M/Crea
PRO-C3
PRO-C6

uPRO-C6/Crea
0.512

0.512a
20.024
0.076
0.207

a

20.201
0.146
0.636a

uC3M/Crea

PRO-C3

PRO-C6

20.024
20.201

0.076
0.146
20.164

0.207
0.636a
20.624a
0.483a

20.164
20.624a

0.483a

u, urine; C3M, biomarker of collagen type III; PRO-C3, biomarker of interstitial collagen type III; PRO-C6, biomarker of interstitial
collagen type VI.
a
Moderate correlation (rho 0.4–0.7).
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Figure 1. | Levels of extracellular matrix biomarkers in patients with lupus nephritis (LN) compared with SLE, healthy controls, and biopsy
controls. The Kruskal–Wallis with Dunn’s multiple comparison (using LN group as reference) test was used to evaluate the difference between
groups. *P,0.05, **P,0.01, ****P,0.0001. (A) Urine PRO-C3, biomarker of interstitial collagen type III. (B) Urine PRO-C6, biomarker of
interstitial collagen type VI. (C) C3M, biomarker of collagen type III. (D) Serum PRO-C3, biomarker of interstitial collagen type III. (E) Serum
PRO-C6, biomarker of interstitial collagen type VI.

and 15:1; the frequency of LN is highest in the Black population (5,25).
Levels of the biomarker of collagen formation PRO-C6 in
serum were more elevated in patients exhibiting greater
interstitial ﬁbrosis. On the contrary, lower levels of the collagen degradation marker C3M in urine indicated advanced
histologic ﬁbrosis and tubular atrophy.
The levels of these markers were not signiﬁcantly different
in patients with SLE compared with patients with LN. The 20
patients with SLE included as a control group did not have

clinically signiﬁcant evidence of kidney disease to warrant
a kidney biopsy. However, we cannot determine if there
was some degree of renal ﬁbrosis, particularly in those
with high biomarker levels.
These observations, and the fact that PRO-C6 (serum and
urine) and C3M (urine) were strongly associated with kidney
function in opposite directions, with higher PRO-C6 and
lower C3M found in patients with more advanced kidney
impairment, conﬁrm previous ﬁndings in nonlupus CKD
cohorts (20–24,26–28). Further conﬁrmation of our ﬁndings

NIH-AI
uPRO-C3/Creatinine (ng/mmol)

*

60

PRO-C6 (ng/ml)

NIH-AI

40

20

0
Low

High

*

1500

1000

500

0
Low

High

Figure 2. | Levels of PRO-C6 (serum) and PRO-C3 (urine) in patients with high versus low National Institutes of Health Activity indices. The
Mann–Whitney test was used to evaluate the difference between groups. *P,0.05. NIH-AI, National Institutes of Health activity index.
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Table 4.

Correlogram of baseline biomarker levels and demographic and clinical parameters

uPRO-C3/Crea
uPRO-C6/Crea
uC3M/Crea
PRO-C3
PRO-C6

Age

Diastolic
Blood
Pressure

Systolic
Blood
Pressure

0.577a
0.351
20.174
20.053
0.093

0.026
0.182
20.247
20.056
0.208

20.260
0.268
20.320
20.083
0.403a

eGFR

SLICC
Score

SLEDAI
Score

20.130
20.482a
0.782b
20.219
20.783b

0.031
0.114
20.429a
0.010
0.204

20.312
20.138
0.109
20.052
0.061

Hemoglobin

White
Blood Cell
Count

Platelet
count

20.118
20.493a
0.022
20.326
20.565a

20.158
0.169
20.226
20.336
0.279

20.054
20.140
0.086
20.163
20.236

SLICC, Systemic Lupus International Collaborating Clinics; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; u, urine;
PRO-C3, biomarker of interstitial collagen type III; PRO-C6, biomarker of interstitial collagen type VI; C3M, biomarker of collagen type
III.
a
Moderate correlation (rho: 0.4–0.7).
b
Strong correlation (rho.0.7).

comes from urinary proteomic studies where collagen type
VI was one of the few ECM proteins found to be upregulated
(13), and collagen type III, speciﬁcally the fragment corresponding to the epitope recognized by C3M, was downregulated (14).
The strong collinearity of serum PRO-C6 and urine C3M
with eGFR is likely to be the cause of the lack of correlation
of the ﬁbrosis biomarkers when eGFR is included in the partial correlation model. However, eGFR and the markers of
ﬁbrosis reﬂect different biologic aspects of kidney disease
progression. Kidney ﬁbrosis is an integral part of the kidney
tissue remodeling that causes loss of kidney function, and
noninvasive markers of kidney ﬁbrosis have an intrinsic
value in patients in which remodeling of the kidney tissue
have not yet started affecting the less sensitive markers of
kidney function (29).
We also observed that PRO-C6 in serum was elevated in
patients with higher disease activity (NIH Activity Index
.9). This suggests PRO-C6 is not only a marker of increased
burden of ﬁbrosis in the kidneys, but also reﬂects an active
disease, which is associated with a worse prognosis and
faster progression. PRO-C6 detects the C-terminus of the
propeptide of collagen type VI a3 chain. Part of this propeptide is further processed to give rise to a bioactive molecule,
endotrophin, that has been implicated in several detrimental
processes in cancer progression, insulin resistance, ﬁbrosis,

Table 5. Correlogram of baseline biomarker levels and
histologic measurements in patients with lupus nephritis

uPRO-C3/Crea
uPRO-C6/Crea
uC3M/Crea
PRO-C3
PRO-C6

% Interstitial
Fibrosis

% Tubular
Atrophy

Interstitial
Mononuclear
Cell
Infiltration

0.192
0.384
20.430a
0.372
0.412a

0.189
0.363
20.503a
0.280
0.377

0.059
0.356
20.257
0.302
0.477a

u, urine; PRO-C3, biomarker of interstitial collagen type III;
PRO-C6, biomarker of interstitial collagen type VI; C3M,
biomarker of collagen type III.
a
Moderate correlation (rho: 0.4–0.7).

and inﬂammation (30–35). Because PRO-C6 can detect both
formation of collagen type VI and endotrophin, the high levels of this biomarker may reﬂect not only a process of ﬁbrogenesis, but also the release of this multifunctional matrikine,
which may have a role in triggering or advancing the disease.
In LN patients treated with hydroxychloroquine, levels of
PRO-C3 and PRO-C6 were lowered in serum, but not in
urine, suggesting this treatment may be associated with systemic changes in ECM remodeling and worth further
exploration.
A limitation of the use of these collagen biomarkers is the
lack of speciﬁcity for LN, because the elevation of PRO-C3
and PRO-C6 (serum) was observed in patients with LN,
SLE, or the biopsy control group as compared with healthy
controls. However, the markers reﬂect a higher rate of tissue
remodeling in patients with a proﬁbrotic proﬁle, rather than
of a mechanism speciﬁc to the LN pathogenesis. Surprisingly, levels of PRO-C3 (urine) were signiﬁcantly lower in
patients with LN compared with the other groups. Combined with the ﬁnding that this biomarker was also
decreased in patients with high activity index, the data suggest the presence of lower levels of the collagen type III formation biomarker in urine might be indicative of a phenotype of LN patients with advanced disease. However,
given the variety of histologic classes represented in the
LN population, the sample size is too small to be conclusive.
This study presented several limitations: this cohort was
not collected with the scope of evaluating biomarkers, hence
the sample size is small, and a systematic collection of clinical
data is missing on some parameters (for instance, albuminuria), which hinders the control for confounders. Moreover,
there were no follow-up clinical data, hence we were not able
to evaluate the prognostic potential of the investigated biomarkers that showed promising results in other kidney indications in LN. This study represented a ﬁrst approach to evaluate markers of ECM remodeling in LN. The data obtained in
this study will need to be conﬁrmed and further validated in
larger LN studies meant for biomarker discovery and
validation.
In conclusion, we have identiﬁed a biomarker of interstitial
collagen formation, PRO-C6, and a biomarker of interstitial
collagen degradation, C3M, as promising biomarkers reﬂecting histologic alterations, and possibly degree of disease
activity in LN patients. These biomarkers describe the
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Figure 3. | Levels of extracellular matrix biomarkers in patients with LN at multiple time points. The Friedman with Dunn’s multiple comparison (using baseline as reference) test was used to evaluate the difference between groups. **P,0.01. (A) Urine PRO-C3, biomarker of interstitial collagen type III. (B) Urine PRO-C6, biomarker of interstitial collagen type VI. (C) Urine C3M, biomarker of collagen type III. (D) Serum
PRO-C3, biomarker of interstitial collagen type III. (E) Serum PRO-C6, biomarker of interstitial collagen type VI.

dynamic processes of tissue turnover in real time; patients
presenting with altered levels of these biomarkers in serum
or urine are at higher risk of having high disease activity,
and, therefore, faster disease progression. These biomarkers
could potentially be used for patient stratiﬁcation, to identify
the phenotypes of patients with LN at higher risk of disease
progression, and to help elaborate the best therapeutic plan,
contributing to the application of personalized medicine in
this highly heterogeneous disease.
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