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ABSTRACT

Background. Tubulointerstitial fibrosis is a major pathological feature in chronic kidney disease (CKD) and collagen type III
(COL3) is a major component of the renal fibrotic scar. We hypothesized that a dysregulated turnover of COL3 is an
important determinant of CKD progression. We assessed the relationship between fragments reflecting active formation
(PRO-C3) and degradation (C3M) of COL3 and CKD disease progression and mortality in a prospective cohort of CKD
patients.

Methods. We measured PRO-C3 and C3M in urine (uPRO-C3 and uC3M) and serum (sPRO-C3 and sC3M) of 500 patients from
the Renal Impairment in Secondary Care study. Disease progression was defined as a decline in estimated glomerular
filtration rate >30% or the start of renal replacement therapy within 12 and 30 months.

Results. Levels of uC3M/creatinine decreased, whereas levels of uPRO-C3/creatinine and sPRO-C3 increased with increasing
CKD stage. uC3M/creatinine was inversely and independently associated with disease progression by 12 months {odds ratio
[OR] 0.39 [95% confidence interval (CI) 0.18–0.83]; P¼0.01 per doubling of uC3M/creatinine} with development of end-stage
renal disease [hazard ratio (HR) 0.70 (95% CI 0.50–0.97); P¼0.03 per doubling of uC3M/creatinine]. sPRO-C3 at baseline was
independently associated with increased mortality [HR 1.93 (95% CI 1.21–3.1); P¼0.006 per doubling of sPRO-C3] and disease
progression by 30 months [OR 2.16 (95% CI 1.21–3.84); P¼0.009 per doubling of sPRO-C3].

Conclusions. Dynamic products of COL3 formation and degradation were independently associated with CKD progression
and mortality and may represent an opportunity to link pathological processes with targeted treatments against fibrosis.

Keywords: biomarkers, CKD, ESRD, interstitial fibrosis, prognosis

Received: 22.8.2019; Editorial decision: 5.11.2019

VC The Author(s) 2020. Published by Oxford University Press on behalf of ERA-EDTA.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited.
For commercial re-use, please contact journals.permissions@oup.com

593

Clinical Kidney Journal, 2021, vol. 14, no. 2, 593–601

doi: 10.1093/ckj/sfz174
Advance Access Publication Date: 14 January 2020
Original Article

http://orcid.org/0000-0003-1642-7482
http://orcid.org/0000-0003-0577-7081
mailto:fge@nordicbio.com
https://academic.oup.com/
https://academic.oup.com/
https://academic.oup.com/


INTRODUCTION

Renal fibrosis is the common histological manifestation of most
forms of chronic kidney disease (CKD), irrespective of the initial
cause of the disease [1]. During the progression of CKD, tubular
atrophy, microvascular rarefaction and tissue hypoxia promote
fibrosis, which can ultimately lead to end-stage renal disease
(ESRD) [2]. Tubulointerstitial fibrosis, tubular atrophy and glo-
merular sclerosis are associated with worse kidney outcomes
[3]. Despite the recent development of novel methods for the
non-invasive monitoring of renal fibrosis [4, 5], their specificity
is uncertain [6], and histological evaluation of renal biopsies is
still the gold standard to assess the fibrotic burden in the kid-
neys. However, a kidney biopsy is a costly procedure, which
puts patients at risk of bleeding and is not routinely applied to
all CKD patients, especially patients with diabetic kidney dis-
ease and severe hypertension. Moreover, the sampled area may
not be representative of the whole organ, and histology can
only give a snapshot of the extent of fibrosis at the moment of
sampling and therefore cannot be used to assess the highly
dynamic process of tissue turnover. Non-invasive measures of
renal stromal turnover may improve the clinical management
of patients with CKD through improved risk stratification and
may have a role as markers of response to interventions that
target renal fibrosis [1, 7].

Renal fibrosis is a dynamic process that involves several ex-
tracellular matrix (ECM) components [8]. Collagen type III (COL3)
is one of the most abundant ECM components in the human
body [9]. Several fragments of COL3 were present at altered levels
in the urine peptidome of patients with CKD compared with
healthy individuals. COL3 was the second most abundant colla-
gen identified in the urine of CKD patients after COL1 [10]. The
amino-terminal pro-peptide of type III procollagen (PIIINP) was
proposed as a potential urinary biomarker for CKD [11], and de-
creased urinary levels of a degradation fragment of COL3 (C3M)
generated by matrix metallopeptidase 9 (MMP-9) were associated
with the severity of CKD in patients with immunoglobulin A ne-
phropathy [12] and in patients with kidney allograft failure [13].

In this study, we focused our attention on COL3, using bio-
markers measuring COL3 formation and degradation (PRO-C3
and C3M, respectively) in urine and serum of patients with CKD
and explored the relationship between altered turnover of COL3
and progression of CKD and mortality. PRO-C3 differs from
PIIINP in measuring the neo-epitope of the released-pro-
peptide, thus ensuring that the assay only detects fragments
that are released as part of COL3 formation and deposition in
the ECM [14].

MATERIALS AND METHODS
Study subjects

We included 500 participants of the Renal Impairment in
Secondary Care (RIISC) Study (NCT01722383), a prospective ob-
servational cohort study designed to identify determinants of
adverse outcomes in CKD. Detailed methodology of the RIISC
study has previously been described [15]. The study subjects
were recruited from Queen Elizabeth Hospital, Birmingham, UK.
Patients were recruited if they had (i) an estimated glomerular
filtration rate (eGFR) <30 mL/min/1.73 m2, (ii) an eGFR 30–59 mL/
min/1.73 m2 with a decline of �5 mL/min/1.73 m2/year or
�10 mL/min/1.73 m2/5 years or (iii) a urinary albumin:creatinine
ratio (ACR) �70 mg/mmol on three occasions. Exclusion criteria
included the use of immunosuppression for immune-mediated

kidney disease or renal replacement therapy (RRT). Patients
consented to follow-up for 10 years or until the start of RRT or
death. Ethical approval was granted by the South Birmingham
Local Research Ethics Committee (reference 10/H1207/6). All
patients provided written informed consent and the study was
conducted in accordance with the Declaration of Helsinki. All
patients received standard CKD management during the study.
Data and samples were obtained from 6-month study visits,
which occurred between April 2011 and September 2014, and
time-to-event data were calculated from the 6-month study
visit. Outcomes were captured up to 31 December 2017 and
patients who had not reached a study endpoint were censored
on this date. All participants had demographic, clinical and
laboratory data collected at recruitment and during follow-up.

Laboratory analyses

Serum and urine were processed immediately after collection
according to pre-defined standard operating procedures and
stored at �80�C until analysis. Urine was frozen shortly after col-
lection and was not centrifuged prior to storage. Biochemistry
results from the local clinical laboratory were obtained from
tests performed in accordance with the current standard of care.

Urine and serum concentrations of PRO-C3 and C3M (uPRO-
C3 and uC3M when measured in urine, and sPRO-C3 and sC3M
when measured in serum) were measured using competitive
enzyme-linked immunosorbent assays (ELISAs) developed and
produced at Nordic Bioscience (Herlev, Denmark). uPRO-C3 was
measured in all patients, uC3M was measured in 499 patients
and sPRO-C3 and sC3M were measured in 497 patients, due to
different sample availability. The assay procedure was de-
scribed previously [14, 16, 17]. The PRO-C3 assay used a mono-
clonal antibody (mAb) detecting the sequence CPTGPQNYSP
(Nordic Bioscience, Herlev, Denmark), corresponding to the
cleavage site of the pro-peptide from the mature collagen in po-
sition 153 of the COL3 a1 chain. The C3M assay used a mAb
detecting the sequence KNGETGPQGP (Nordic Bioscience,
Herlev, Denmark), corresponding to the cleavage site of MMP-9
in position 610 of COL3. Urine PRO-C3 and C3M concentrations
were divided by urinary creatinine to adjust for urine concentra-
tion. Urinary creatinine was measured by the QuantiChrom
Creatinine Assay Kit (BioAssay Systems, Hayward, CA, USA).

Serum creatinine measurements were performed on a Roche
Modular Analyser using a blank rated and compensated Jaffe re-
action, and eGFR was estimated using the creatinine-based
Chronic Kidney Disease Epidemiology Collaboration equation
[18]. Urinary ACR was measured using a Roche Hitachi 702 ana-
lyser. C-reactive protein (CRP) was measured using the Full
Range C-Reactive Protein Kit on a SPA automated PLUS turbi-
dimeter (Binding Site Group, Birmingham, UK). The normal
range for CRP is between 0.1 and 9 mg/L, with 90% <3 mg/L [19].
Serum kappa (j) and lambda (k) free light chain (sFLC) concen-
trations were measured by nephelometry on a Dade-Behring
BNTMII Analyser (Siemens AG, Erlangen, Germany) using parti-
cle enhanced high-specificity homogeneous immunoassays
(Freelite; Binding Site Group). The normal reference ranges for
sFLC concentrations have been previously described as
j 3.3 6 19.4 mg/L and k 5.7 6 26.3 mg/L, with the assay sensitivity
being demonstrated as <1 mg/L. Pulse wave velocity was mea-
sured using the Vicorder device [15].

Statistical analyses

The primary outcomes comprised: (i) CKD progression (defined
as a > 30% decline in eGFR or start of RRT) at 12 and
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30 months; (ii) time to ESRD (defined as the start of RRT) and (iii)
time to death.

Differences between baseline characteristics in patients
below and above the biomarker median were assessed using
the chi-squared test for categorical variables and the Mann–
Whitney test for continuous variables.

Urine and serum PRO-C3 and C3M data transformed in loga-
rithm with base 2 had a distribution closer to normal than the
untransformed biomarker (Supplementary data, Figure S1);
therefore, all analyses were performed per doubling (log2). Z-
scores of the markers were used to have them on the same scale.

The Mann–Whitney test was used to compare the values of
the markers between two groups and the Kruskal–Wallis test
was used to compare the values of the markers between three
or more groups.

To evaluate the correlation between the markers and contin-
uous clinical or biochemical parameters, non-parametric
Spearman’s rank correlation or linear regression analysis on
log2 transformed data were used.

Logistic regression models were used to analyse the associa-
tion of the markers and score with CKD progression at 12 and
30 months.

Kaplan–Meier survival analysis and Cox proportional haz-
ards regression analysis were used to analyse the association of
the markers and score with death and progression to ESRD.

Multivariable regression models included possible con-
founding factors. The confounding factors included demo-
graphics, renal-associated variables and comorbidities and the
variables that were associated in univariable analysis with the
outcome of interest were included in the multivariable analysis.
For CKD progression and development of ESRD, these were age,
gender, eGFR, ACR, renal diagnosis (except when evaluating the
outcome only in the diabetic group), presence of cancer and the
use of gliptin, a-blockers and vasodilators. For 12-month CKD
progression, they were age, gender, eGFR and ACR, renal diag-
nosis (except when evaluating the outcome only in the diabetic
group) and the use of a-blockers. For 30-month CKD progres-
sion, they were age, gender, eGFR and ACR, renal diagnosis (ex-
cept when evaluating the outcome only in the diabetic group),
presence of cancer and the use of insulin. For death, they were
age, gender, eGFR, ACR, diabetes (except when evaluating the
outcome only in the diabetic group), cerebrovascular disease,
ischaemic heart disease, peripheral artery disease and renal di-
agnosis (except when evaluating the outcome only in the dia-
betic or glomerulonephritis group).

The prognostic analyses were performed both on the whole
cohort and on the subgroup of patients with diabetes mellitus.

All two-tailed P-values <0.05 were considered significant.
Statistical analyses were performed using MedCalc (Ostend,
Belgium), R (version 3.2.4; R Foundation for Statistical
Computing, Vienna, Austria), GraphPad Prism (version 7.00;
GraphPad Softaware, La Jolla, CA, USA) and Stata 15 (StataCorp,
College Station, TX, USA).

RESULTS
Demographic and clinical parameters

The cohort demographic and clinical parameters are presented
in Table 1 for patients stratified below or above the median
value of the marker.

As presented in Table 2, all markers were significantly asso-
ciated with baseline eGFR; this relationship remained signifi-
cant after adjustment for age, gender and ACR. However, the

direction of the association for uPRO-C3/creatinine, sPRO-C3
and sC3M changed, while uC3M/creatinine maintained a strong
positive association with baseline eGFR. No markers correlated
with baseline ACR. uPRO-C3/creatinine, uC3M/creatinine and
sPRO-C3 were also independently associated with 12- and 30-
month eGFR after adjustment for age, gender and ACR.

uC3M/creatinine was lower and sPRO-C3 was higher in
patients with diabetes (Figure 1A and B). However, eGFR did not
differ significantly between patients with diabetes and patients
without diabetes (Figure 1C). sPRO-C3 correlated with levels of
haemoglobin A1c (q¼ 0.16, P¼ 0.0006). sC3M correlated with the
inflammatory markers CRP (q¼ 0.44, P< 0.0001; Figure 1D) and
serum j and k FLCs (q¼ 0.24, P< 0.0001 and q¼ 0.23, P< 0.0001,
respectively).

CKD stages

uC3M/creatinine decreased with increasing CKD stages
(Figure 2A,B). uPRO-C3/creatinine and sPRO-C3 increased only
in Stages 4 and 5 CKD (Figure 2B and C), while sC3M slightly in-
creased in late CKD stages (Figure 2C).

CKD progression at 12 and 30 months

Data on progression at 12 months were available from 417 study
participants due to some patients dying before the 12-month
follow-up or not attending the follow-up visit. A total of 46 (11%)
participants had CKD progression at 12 months. Data on progres-
sion at 30 months were available from 324 study participants. A
total of 140 (43%) had CKD progression at 30 months. When com-
paring patients that did not have follow-up data with patients
with available follow-up data, patients without follow-up were
older and therefore at higher risk of mortality. A higher uC3M/
creatinine was associated with a lower risk of CKD progression
at 12 months after adjustment for age, gender, eGFR, ACR, renal
diagnosis and the use of a-blockers (Table 3). High sPRO-C3 lev-
els were independently associated with the risk of CKD progres-
sion at 30 months (Table 3). None of the other markers had
independent associations with CKD progression (Table 3).

Development of ESRD

In the study, 158 (31.6%) participants progressed to ESRD.
Kaplan–Meier curves are shown in Figure 3A and C. Patients
with uC3M/creatinine levels below the median had an increased
risk of ESRD {Figure 3A; logrank test P< 0.0001, unadjusted haz-
ard ratio [HR] 2.8 [95% confidence interval (CI) 1.94–3.96]}, and
patients with sPRO-C3 levels above the median had an in-
creased risk of ESRD [Figure 3C; logrank test P¼ 0.046, unad-
justed HR 1.58 (95% CI 1.10–2.26)].

In the multivariable analyses, a higher uC3M/creatinine was
associated with a lower risk of ESRD after adjustment for age,
gender, eGFR, ACR, renal diagnosis, malignancy and the use of
vasodilator, gliptin and a-blockers (Table 4). None of the other
markers had independent associations with progression to
ESRD (Table 4).

Death

In the study, 89 (17.8%) participants died. There was no differen-
ces in risk of death in patients stratified by the median of uC3M/
creatinine levels (Figure 3B). Patients with sPRO-C3 levels above
the median had an increased risk of death [Figure 3D; logrank
test P< 0.0001, unadjusted HR 2.43 (95% CI 1.60–3.69)]. In the
multivariable analyses, a higher sPRO-C3 was associated with a
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higher risk of death after adjustment for age, gender, eGFR,
ACR, presence of diabetes, presence of cerebrovascular disease,
presence of ischaemic heart disease, presence of peripheral ar-
tery disease, renal diagnosis, comorbidities (Table 3).

Despite not showing an association for death in the univari-
ate analysis, both uC3M/creatinine and uPRO-C3/creatinine were
associated with death in the multivariable analysis (Table 3). We
analysed the contribution of the various confounders to this as-
sociation and we observed that only the addition of eGFR to the
multivariate analysis led to an association of uC3M/creatinine
with mortality and only the addition of ischaemic heart disease
led to an association of uPRO-C3/creatinine with mortality.

Diabetic subgroup

We investigated the prognostic potential of the markers in
the subgroup of patients with diabetes mellitus (n¼ 183). The

clinical and demographic characteristics of the diabetic popula-
tion compared with the rest of the RIISC cohort are reported in
Supplementary data, Table S1. Patients with diabetes were
older, with a higher body mass index (BMI), with higher levels of
the inflammatory markers CRP and serum k FLC, lower diastolic
blood pressure and higher pulse pressure and pulse wave veloc-
ity. The incidence of comorbidities was also different in patients
with and without diabetes (Supplementary data, Table S1). In
patients with diabetes, uC3M/creatinine was associated with
30-month CKD progression [odds ratio (OR) 0.32 (95% CI 0.11–
0.99); P¼ 0.02 per doubling of uC3M/creatinine] (Supplementary
data, Table S2). sPRO-C3 was significantly associated with 30-
month CKD progression [OR 2.57 (95% CI 1.09–6.06); P¼ 0.03 per
doubling of sPRO-C3] (Supplementary data, Table S2) and ESRD
[HR 1.64 (95% CI 1.01–2.66); P¼ 0.04 per doubling of sPRO-C3] af-
ter adjustment for confounding factors (Supplementary data,
Table S3).

Table 2. Linear regression analysis for baseline and 12- and 30-month eGFR and baseline ACR and the markers

eGFR ACR

Biomarker Model Baseline P-value 12-month P-value 30-month P-value Baseline P-value

Log2_uPRO-C3/creatinine Unadjusted 27.1861.02 0.001 27.4861.30 0.002 26.1761.43 0.07 86.1468.48 0.35
Adjusted �2.2060.75 0.003 �3.2260.93 0.0006 �2.3061.07 0.03 �2.8366.43 0.65

Log2_uC3M/creatinine Unadjusted 13.0961.56 <0.0001 10.8961.96 <0.0001 9.8862.35 <0.0001 106.53614.15 0.24
Adjusted 12.5461.00 <0.0001 14.2861.29 <0.0001 13.1861.55 <0.0001 �12.42611.37 0.27

Log2_sPRO-C3 Unadjusted 50.8064.74 <0.0001 55–3365.73 <0.0001 46.3766.88 <0.0001 72.29639.31 0.63
Adjusted �4.7961.21 0.0001 �5.8861.49 0.0001 �15.4766.21 0.01 8.83610.56 0.40

Log2_sC3M Unadjusted 43.5565.19 0.006 43.0266.46 0.05 38.0167.66 0.18 70.30642.49 0.62
Adjusted �4.1261.35 0.002 �3.3061.71 0.05 �8.7867.00 0.21 7.00611.67 0.55

The b estimates represent a doubling of the markers. Adjustment included age, gender, eGFR (only for association with ACR) and ACR (only for association with eGFR).

FIGURE 1: (A) Levels of uC3M/creatinine in diabetic and non-diabetic CKD patients. (B) Levels of sPRO-C3 in diabetic and non-diabetic CKD patients. (C) eGFR in diabetic

and non-diabetic CKD patients. (D) Correlation of sC3M with CRP. Statistical significance: **P<0.01; ****P<0.0001. (A–C) are presented as Tukey box plots.
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DISCUSSION

We have examined the turnover of COL3 in patients with CKD
at high risk of disease progression by using non-invasive bio-
markers of COL3 formation and degradation. We measured
PRO-C3, a marker of COL3 formation, and C3M, a marker of
COL3 degradation in both urine and serum.

Levels of PRO-C3 were similar across different CKD stages
and slightly increased in both urine and serum at late stages.

Urinary levels of C3M decreased with increasing CKD stages and
slightly increased in serum at the latest stages. Levels of urinary
C3M were inversely and independently associated with CKD
progression by 12 and 30 months and with development of
ESRD.

These results suggest that an impaired degradation of COL3
is associated with a higher risk of disease progression, as a
consequence of a shift in the balance between formation and

FIGURE 3: Kaplan–Meier survival curves for development of ESRD and mortality. (A) Development of ESRD for patients having uC3M/creatinine below and above

the median. (B) Survival of patients having uC3M/creatinine below and above the median. (C) Development of ESRD for patients having sPRO-C3 below and above the

median. (D) Survival of patients having sPRO-C3 below and above the median.

FIGURE 2: Levels of the markers at different CKD stages. (A) uC3M/creatinine at different CKD stages. (B) Z-score of the urinary markers at different CKD stages. (C)

Z-score of the serum markers at different CKD stages. Statistical significance: *P<0.05; ***P<0.001; ****P< 0.0001. (A) Data are presented as a scatter plot, (B) and (C) data

are reported as mean and SD.
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degradation of COL3 towards accumulation. These results are in
accordance with findings reported from proteomic studies,
in which many fragments from COL3 (including the fragment
recognized by C3M) were present in lower concentrations in
urine of CKD patients compared with controls and of patients
with a progressive phenotype [20]. This is consistent with the
paradigm of fibrosis progression, in which collagens are accu-
mulated and cross-linked and become resistant to proteolytic
degradation [21]. In the patients analysed in this cohort, the
shift can be identified after CKD Stage 3 b, as depicted in
Figure 2B. At this turning point, the increasing formation of
COL3 by myofibroblasts is not contrasted by increased activity
of the proteases degrading the scar tissue, as described by a
decreased release of the degradation fragment C3M in the urine.
In fact, a high level of collagen breakdown is associated with a
lower risk of progression. We have previously observed a tight
relationship between urinary C3M and kidney function, with
low levels of uC3M/creatinine associated with worse kidney
function and higher risk of progression [12, 13]; here we confirm
these findings in a larger cohort of patients with a range of
causes of CKD. The fact that only uC3M/creatinine maintained a
strong positive association with eGFR after adjustment for con-
founding factors (while the others changed the direction of as-
sociation after adjustment, probably due to colinearity between
the confounding factors, the markers and eGFR) points in the di-
rection that this is the marker that is mostly related to the sta-
tus of the kidney. The strong association between uC3M/
creatinine with baseline eGFR may explain the attenuated,

although still significant, association of uC3M/creatinine in the
multivariate analyses (that included eGFR as confounding fac-
tor) compared with the univariate analyses for CKD progression
and development of ESRD. We also found that levels of uC3M/
creatinine were significantly lower in patients with diabetes
compared with patients without diabetes; however, a separate
analysis in the diabetic subgroup revealed that the prognostic
value of the marker is more powerful in the general CKD popu-
lation. We observed the same in a separate analysis in the group
of patients with glomerulonephritis (data not shown). Other
clinical measurements that were different in patients with
marker levels below or above the median were a higher BMI in
patients with higher levels of the serum markers of COL3
remodelling, which may be related to a metabolic phenotype
presenting a high pro-fibrotic and pro-inflammatory profile,
and a higher systolic and pulse pressure in patients with higher
levels of PRO-C3 in both serum and urine, which may link this
marker with a hypertensive phenotype.

As urine is in close contact with the kidneys, urinary C3M is
more likely to originate from the kidneys and may reflect
fibrosis-associated remodelling in the renal stroma. In contrast,
serum levels of C3M may reflect a systemic process, and this
would explain why levels are unaltered with increasing CKD
stages. Although sC3M was not associated with a clinical end-
point in this study, we observed a correlation with CRP and
sFLC, consistent with previous observations that serum C3M
may be increased by systemic inflammation [12]. Both CRP and
the serum k FLCs were more elevated in patients with diabetes,

Table 4. Risk of death and development of ESRD in relation to the markers in the RIISC cohort

Biomarker
Mortality Development of ESRD

Univariate Multivariate Univariate Multivariate

Events, n (%) HR (95% CI) P-value HR (95% CI) P-value Events, n (%) HR (95% CI) P-value HR (95% CI) P-value

uPRO-C3/
creatinine

89 (17.8) 1.21 (0.99–1.47) 0.06 1.32 (1.01–1.73) 0.04 158 (31.6) 1.05 (0.89–1.23) 0.58 0.91 (0.75–1.10) 0.91

uC3M/
creatinine

89 (17.8) 1.01 (0.72–1.42) 0.94 1.87 (1.19–2.93) 0.007 158 (31.7) 0.37 (0.29–0.49) <0.0001 0.70 (0.50–0.97) 0.03

sPRO-C3 89 (17.9) 2.06 (1.45–2.93) <0.0001 1.93 (1.21–3.1) 0.006 156 (31.4) 1.36 (1.04–1.78) 0.03 1.15 (0.85–1.55) 0.37
sC3M 89 (17.9) 1.34 (0.91–2.00) 0.14 1.23 (0.76–1.98) 0.39 156 (31.4) 1.23 (0.91–1.66) 0.19 1.35 (0.96–1.91) 0.08

Values are HR (95% CI) for mortality and development of ESRD per doubling of the marker (log2). Adjustment for mortality in the multivariate model includes age,

gender, eGFR, ACR, presence of diabetes, presence of cerebrovascular disease, presence of ischaemic heart disease, presence of peripheral artery disease and renal di-

agnosis. Adjustment for ESRD in the multivariate model includes age, gender, eGFR, ACR, renal diagnosis, malignancy and use of vasodilator, gliptin and a-blockers.

Table 3. Risk of CKD progression at 12 and 30 months in relation to the markers in the RIISC cohort

Biomarker
CKD progression at 12 months CKD progression at 30 months

Univariate Multivariate Univariate Multivariate

Events, n (%) OR (95% CI) P-value OR (95% CI) P-value Events, n (%) OR (95% CI) P-value OR (95% CI) P-value

uPRO-C3/
creatinine

46 (11.0) 1.22 (0.30–1.65) 0.19 1.22 (0.83–1.79) 0.3 140 (43.2) 0.98 (0.78–1.23) 0.86 0.91 (0.66–1.25) 0.56

uC3M/
creatinine

46 (11.1) 0.29 (0.17–0.51) <0.0001 0.39 (0.18–0.83) 0.01 140 (43.2) 0.29 (0.19–0.45) <0.0001 0.63 (0.34–1.17) 0.15

sPRO-C3 46 (11.1) 1.90 (1.15–3.17) 0.01 1.45 (0.74–2.85) 0.28 138 (43.0) 1.99 (1.33–2.98) 0.0008 2.16 (1.21–3.84) 0.009
sC3M 46 (11.1) 1.5 (0.87–2.69) 0.14 1.09 (0.52–2.27) 0.83 138 (43.0) 1.64 (1.05–2.56) 0.03 1.56 (0.83–2.91) 0.16

Values are OR (95% CI) per doubling of the marker (log2). Adjustment for 12-month CKD progression in the multivariate model includes age, gender, eGFR, ACR, renal

diagnosis and use of a-blockers. Adjustment for 30-month CKD progression in the multivariate model includes age, gender, eGFR, ACR, renal diagnosis, presence of

cancer and use of insulin.
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as previously observed [22], indicating that the inflammatory
burden is higher in patients with diabetes and kidney disease.
The significantly different levels of sFLC in patients with uC3M/
creatinine and PRO-C3 below and above the median suggests a
connection between these two markers and increasing inflam-
mation, which would not be surprising considering how inflam-
mation plays a major role in fibrosis onset and progression.

Urinary PRO-C3 was not associated with an increased risk
of progression in CKD or mortality, but it increased in CKD
Stage 5, consistent with previously reported findings [12].
Serum PRO-C3 was independently associated with mortality
and is likely to reflect a contribution from different organs,
which is supported by the finding that patients with higher
BMI and diabetes had higher levels of sPRO-C3. For example,
sPRO-C3 levels may partly reflect the diffuse myocardial fibro-
sis that has been shown to develop early in CKD [23]. sPRO-C3
has also been extensively studied as a marker for liver fibrosis
[24, 25] and has been identified as an independent predictor of
transplant-free survival in primary sclerosing cholangitis [26].
As patients with diabetes are at increased risk of developing
liver-related disease [27], the increased sPRO-C3 in these
patients may at least in part be a result of an increased COL3
formation in the liver.

This study illustrates that different fragments coming from
the same protein and measured in different biological fluids
can provide different information on the same disease. The
findings also highlight the need to further dissect the processes
of collagen formation and degradation to understand the com-
plex and dynamic process of fibrogenesis and study its relation
to adverse outcome. Due to the lack of data on other bio-
markers measured in this cohort, it was not possible to bench-
mark the prognostic ability of the COL3 biomarkers with
established biomarkers of kidney injury and disease progres-
sion. Future perspectives include assessment of these bio-
markers in large established cohorts of CKD patients where
other biomarkers have been measured, to compare our data
with those of biomarkers of kidney injury and damage.
Moreover, the prognostic value of the markers discovered in
this derivation cohort will need to be evaluated in an indepen-
dent validation cohort.

Antifibrotic treatments for halting disease progression in
CKD have not yet been successfully developed, and the search
for novel antifibrotic drugs is not one of the main focuses of the
pharmaceutical industry working in nephrology. Our study
points towards fibrosis as an important factor in disease pro-
gression and that treating patients before the shift towards irre-
versible fibrosis happens is crucial to succeed in halting the
disease. The biomarkers described in this work can aid
antifibrotic drug development, guiding informed decisions
about patient selection for clinical trials and efficacy of inter-
vention. It is believed that patients with active and rapidly pro-
gressing disease are more likely to benefit from the treatment
in the limited time of a clinical trial, and biomarkers directly de-
scribing the fibrotic process can be important tools to detect tar-
get engagement and efficacy.

In conclusion, we have identified two processing products of
COL3 that were associated with adverse outcome in CKD.
Urinary C3M was independently associated with CKD progres-
sion and development of ESRD, which may reflect an imbalance
in COL3 turnover in the kidney with less collagen degradation,
faster progression of fibrosis and accelerated CKD progression.
Serum PRO-C3 was independently associated with the risk of
death, possibly reflecting an association with systemic pro-
fibrotic processes.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.
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