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ABSTRACT

Objectives To examine whether urinary excretion of
cysteine-rich protein 61 (Cyr61), an acknowledged
proinflammatory factor in kidney pathologies, increases
in chronic kidney disease (CKD) and is associated with
subsequent rapid kidney function decline.

Design An observational cohort study.

Setting In the nephrology outpatient clinics of a tertiary
hospital in Taiwan.

Participants We enrolled 138 adult CKD outpatients
(n=12, 32,18, 18, 29 and 29 in stages 1, 2, 3a, 3b, 4
and 5 CKD, respectively) between February and October
2014 and followed them for 1 year. Their mean age was
60.46+13.16 years, and 51 (37%) of them were women.
Primary outcome measures Urinary Cyr61 levels were
measured by ELISA. Rapid kidney function decline was
defined as an estimated glomerular filtration rate (eGFR)
decline rate > 4 mL/min/1.73 m%/year or developing end-
stage renal disease during subsequent 3-month or 1-year
follow-up period. Models were adjusted for demographic
and clinical variables.

Results The urine Cyr61-to-creatinine ratio (UCyr61CR)
increased significantly in patients with stage 4 or 5 CKD.
Multivariable linear regression analysis showed that
log(UCyr61CR) was positively correlated with log(urine
protein-to-creatinine ratio) (p<0.001) but negatively
correlated with baseline eGFR (p<0.001) and hypertension
(p=0.007). Complete serum creatinine data during

the follow-up were available for 112 patients (81.2%).
Among them, multivariable logistic regression identified
log(UCyr61CR) was independently associated with rapid
kidney function decline (adjusted OR 2.29, 95% Cl 1.27
to 4.15) during the subsequent 3 months. UCyr61CR
improved the discriminative performance of clinical
models to predict 3-month rapid kidney function decline.
In contrast, log(UCyr61CR) was not associated with rapid
eGFR decline during the entire 1-year follow-up.
Conclusions Elevated urinary Cyr61 excretion is
associated with rapid short-term kidney function
deterioration in patients with CKD. Measuring urinary
Cyr61 excretion is clinically valuable for monitoring
disease trajectory and may guide treatment planning.

," Jian-Jhong Wang,? Ya-Chun Tu," Chia-Yu Hsu,®
" Yung-Ming Chen,"® Ming-Shiou Wu,’

Strengths and limitations of this study
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» This urinary biomarker-based research enrolled
well-documented chronic kidney disease (CKD)
outpatients across a wide range of glomerular fil-
tration rate (GFR) and was representative for clinical
practice.

» Substituting non-detectable urinary cysteine-rich
protein 61 values to one-half the limit-of-detection
of the assay leads to a negative bias for variability
and does not estimate the mean well.

» Rapid GFR decline might also result from acute con-
ditions affecting kidney function before or after en-
rolment, rather than CKD progression itself.

» A patient with CKD may have non-linear disease
trajectories so that using two serum creatinine mea-
surements to estimate disease progression may not
be accurate.

» This moderately sized observational cohort study
was unable to fully adjust for all potential confound-
ers and does not imply causality.

INTRODUCTION

Chronic kidney disease (CKD) is threat-
ening human health and economic burden
worldwide.! Treatment with renin-angio-
tensin—aldosterone system inhibitors in a
multidisciplinary care setting is currently the
mainstay therapy.”™ Previous cohort studies
showed the estimated glomerular filtration
rate (eGFR) decline rate ranged from 1.02 to
3.76 mL/min/1.73 mQ/year in patients under
the CKD care programme in Taiwan.”® This
indicated that the ultimate goal of completely
halting kidney disease pathogenesis is not
achieved. The resultant advanced CKD and
end-stage renal disease (ESRD) are associ-
ated with substantially increased morbidity
and excess mortality.' ® Identifying prognostic
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markers may help to identify individuals at risk of progres-
sion as early as possible. Such clinical markers may also
help us to understand the pathological mechanisms and
to develop novel disease-modifying therapies.

Sustained inflammation, hypoxia and fibrosis compose
the common pathogenic pathway for most aetiologies of
CKD.” Several studies have shown that many inflamma-
tory molecules display enhanced expression in CKD and
that anti-inflammatory treatments have renoprotective
effects.*"" Unbiased transcriptional analyses also identi-
fied a variety of proinflammatory immune responses that
were upregulated during progressive kidney disease.'' ™
Furthermore, recent clinical investigations revealed that
circulating inflammatory proteins are strongly associ-
ated with CKD progression."”” '® These data suggest that
persistent activated inflammatory cascades participate in
the pathogenesis of progressive kidney failure.

Cysteine-rich protein 61 (Cyr61), also known as CCNI,
is a secreted matricellular protein belonging to the CCN
protein family.'” Cyr61 has been reported to mediate
various biological functions, including angiogenesis, apop-
tosis, tumourigenesis, matrix remodelling and fibrosis."®
Several lines of evidence expand the knowledge about its
role in immune regulation."” ' Animal and clinical studies
have demonstrated altered Cyr61 expression in diseased
kidneys.**** We have shown that upregulated Cyr61 expres-
sion mediates proinflammatory effects in animal models
of obstructive renal fibrosis and ischaemia-reperfusion
kidney injury.® ® In a pilot clinical observation, urinary
Cyr61 excretion was significantly increased in patients
with dialysis-requiring acute kidney injury.” These results
indicate that urinary Cyr61 may be a potential biomarker
reflecting active and/or progressive kidney injury.

We hypothesised that renal Cyr61 expression is enhanced
in patients with advanced CKD and is associated with kidney
function deterioration. To test this hypothesis, we conducted
this clinical study to examine urinary Cyr6l excretion in
patients with various stages of CKD. Special attention was
given to the associations between urinary Cyr61 excretion
and subsequent kidney function changes.

MATERIALS AND METHODS
Patients
This observational cohort study was conducted in the
National Taiwan University Hospital, a tertiary hospital in
Taiwan. From February to October 2014, adult patients
with stages 1-5 CKD followed in the nephrology outpatient
clinics (G-FL, C-CF, YMC, M-SW and T T) were recruited.
CKD was defined and staged by the GFR category of the
2012 Kidney Disease Improving Global Outcome criteria.”
Exclusion criteria included patients younger than 20 or
older than 80 years, pregnant women and patients with
ESRD under maintenance haemodialysis, peritoneal dial-
ysis or receiving kidney transplantation.

Baseline demographic and clinical data were collected
from medical records. Comorbidities of the subjects were
recorded according to the diagnosis and medication

used at study entry. Each patient’s primary care nephrol-
ogist ordered laboratory testing as standard clinical prac-
tice.”* These laboratory measurements were carried out by
the Department of Laboratory Medicine, National Taiwan
University Hospital. Serum creatinine levels were measured
by the AU-5800 analyzer (Beckman Coulter, Brea, Cali-
fornia, USA), and the determinations were calibrated to
an isotope dilution mass spectrometry (IDMS) reference
method. We used the IDMS-traceable Modification of Diet
in Renal Disease equation [175xserum creatinine '**xAge
020%,0.742 (if woman)] to calculate eGFR.?*® The most
recent results before the date of enrolment were used.

Urinary protein and Cyr61 excretion

We collected 5 mL of random spot urine on the day of
enrolment. The samples were centrifuged at 2000 g for 5
min, and the supernatants were stored in equal volumes
at —80°C before measurements. Urinary total protein and
creatinine concentrations were measured by the AU-5800
analyzer. Urinary Cyr6l concentrations were measured
by the use of an ELISA kit (EIA-5108, DRG, Marburg,
Germany) according to the manufacturer’s instructions™
Measured urine Cyr61 concentrations below the limit-of-
detection (LOD) of the assay (14.9 pg/mL) were substi-
tuted to one-half the LOD, that is, 7.45 pg/mL.*" % All
measurements were made in duplicate and in a blinded
fashion. The measured urinary total protein and Cyr61
values were normalised to the urinary creatinine concen-
tration and are expressed as the urine protein-to-creatinine
ratio (UPCR, g/g creatinine) or urine Cyr61-to-creatinine
ratio (UCyr61CR, ng/g creatinine).

Kidney function changes

This cohort was prospectively observed for eGFR change
without a mandate for study-specific visits or laboratory
tests. The observation period of each patient was defined to
start immediately after enrolment and lasted for 1 year or
until ESRD or death, whichever came first. ESRD was diag-
nosed if the patient initiated long-term renal replacement
therapy.

Patients were routinely followed at the nephrology outpa-
tient clinic with standard care.” In general, the participants
returned to the clinic and received routine laboratory tests
every 1-3 months, according to the judgement of their
primary care nephrologists. All available laboratory data
during the follow-up were recorded. The serum creatinine
levels, which were measured on the date closest to the 3
months or 1 year after enrolment, were obtained to calcu-
late eGFR at that time point. The eGFR decline rate was
calculated by the following equation:

eGFR decline rate (ml/min/l.73m2/year) =

(baseline eGFR — eGFR at approximately 3 months or 1 year after enrolment)

( exact days between the two serum creatinine measurements
365.25

For each participant, we calculated 3-month and 1-year
eGFR decline rates separately. Rapid kidney function
decline was defined as either having an eGFR decline
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rate 24 mL/min/1.73 IIlQ/year2 2930 o developing ESRD
during the specific period.

Sample size estimation

In the literature, there is no clinical report regarding
urinary Cyr61 in patients with CKD. In a pilot observa-
tion,” the log(UCyr61CR ng/g) was 3.64+0.88 in patients
with dialysis-requiring acute kidney injury and 1.93+0.84
in controls. We proposed that patients with CKD would
have a lower mean level of log(UCyr61CR) than dialysis-
requiring acute kidney injury. Assuming that the mean
log(UCyr61CR) was 2.6 and 1.93 in patients with CKD
with and without rapid kidney function decline, respec-
tively, an SD of 1.0, a type 1 error of 5%, and a desired
power of 85%, we calculated a minimal sample size of 41
participants in each group.

Statistical analyses

Baseline categorical variables are presented as number
and percentage, while continuous variables are presented
as mean and SD or median with IQR. Characteristics
were compared between the groups by the x” test, Fish-
er’s exact test, one-way analysis of variance test, t-tests,
Kruskal-Wallis test or Mann-Whitney U test, as indicated.
Age, sex, body weight, hypertension, haemoglobin, base-
line eGFR and proteinuria were selected in the stepwise
multiple linear regression model for urinary Cyr61 excre-
tion. In addition, logistic regression was employed to
model the OR of rapid kidney function decline during
the subsequent 3 months or 1 year in separate analyses.
Patients lost to follow-up or who did not have serum creat-
inine measurements at the corresponding time points
were excluded from these analyses. Unadjusted ORs
were further adjusted in regression models by adding
the covariates age, sex, diabetes, hypertension, hyper-
lipidaemia, CKD aetiology, body weight, haemoglobin,
baseline eGFR and proteinuria. Statistical tests for multi-
collinearity by checking variance inflation factors were
used to assess problems within the regression model. All
of the tests were two tailed, with significance defined by
p values of less than 0.05. The statistical packages STATA
V.10.0 and R V.3.5.3 were used for the statistical analyses.

Patient and public involvement

Patients and the public were not involved in the design,
or conduct, or reporting, or dissemination plans of this
study.

RESULTS

Patient characteristics

A total of 138 outpatients with documented CKD were
enrolled. Their baseline demographic and clinical char-
acteristics are summarised in table 1, online supple-
mental table 1 and online supplemental figure 1. Their
mean age was 60.46+13.16 years; 51 of them were women
(37.0%); 115 (83.3%) had hypertension; and 53 (38.4%)
had diabetes. At the beginning of the study, 12 (8.7%)
patients were at CKD stage 1, 32 (23.2%) at stage 2, 18

(13.0%) at stage 3a, 18 (13.0%) at stage 3b, 29 (21.0%)
at stage 4 and 29 (21.0%) at stage 5 (online supplemental
figure 2).

Urinary Cyr61 excretion

Urinary Cyr61 concentrations were below the LOD (14.9
pg/mL) in 47 (75.8%) of the 62 patients with baseline
eGFR 245 mL/min/1.73 m? as well as in 23 (30.3%) of
the 76 patients with baseline eGFR <45 mL/min/1.73
m® The urinary Cyr61 concentrations of these 70
samples were substituted to 7.45 pg/mL.*" % As shown
in figure 1A,B, the distributions of UCyr61CR and UPCR
were highly skewed. Patients with stage 4 or 5 CKD had
significantly higher UCyr61CR than patients with stag-
esl-3a CKD (Kruskal-Wallis test, p<0.001; each pairwise
comparison with Bonferroni correction was shown in
figure 1C). UCyr61CR in patients with stage 4 CKD was
comparable to that in patients with stage 3b or 5 CKD
(both p=1 with Bonferroni correction).

Because the UPCR and UCyr61CR were highly skewed,
they were log-transformed to achieve approximate
normality (online supplemental figure 3). Unadjusted
associations of demographic characteristics with urinary
Cyr61 were shown in online supplemental table 2 and
online supplemental figure 4. Log(UCyr61CR) was posi-
tively associated with age and log(UPCR), while it was
negatively associated with eGFR, haemoglobin and serum
calcium. There was no difference in UCyr61CR between
groups in terms of sex, diabetes, hypertension, hyper-
lipidaemia and CKD aetiology. Multivariable stepwise
regression analysis revealed that log (UCyr61CR) was inde-
pendently associated with eGFR (f-coefficient=-0.016,
p<0.001), log(UPCR) (f-coefticient=0.538, p<0.001) and
hypertension (f-coefficient=—0.494, p=0.007).

Figure 1D reveals that UCyr61CR was low in most
patients with baseline eGFR 245 mL/min/1.73 m?. There-
fore, we investigated a subset of 76 patients with baseline
eGFR <45 mL/min/1.73 m?> (table 1). Most of the asso-
ciations of demographic characteristics with UCyr61CR
were similar to those observed in the entire cohort
(online supplemental table 2). Multivariable stepwise
regression analysis revealed that log(UCyr61CR) in this
subset was independently associated with eGFR (f-coef-
ficient=—0.032, p=0.002), log(UPCR) (f-coefficient=0.82,
p<0.001), hypertension (p-coefficient=-1.16, p=0.001)
and age (f-coefficient=0.025, p=0.002).

Kidney function decline
Among the 138 included patients, 107 (77.5%) had
serum creatinine measurements at baseline, 3 months
and 1 year. Others had only one or two measurements
at these time points (online supplemental figure 5). Five
patients developed ESRD, while three patients were lost
to follow-up during the l-year follow-up. No participant
died within 1 year after enrolment.

We analysed the eGFR changes in those who had serum
creatinine measurements at all of the three time points
or developed ESRD during the follow-up (n=112, online
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Table 1 Demographics and clinical characteristics of the patients

Characteristic

All patients (n=138)

ubset with e < mL/min/1. m- (n=
Sub ith eGFR <45 mL/min/1.73 m? (n=76)

Age (years) 60.46+13.16 63.14+12.71
Sex, women (%) 51 (37.0) 26 (34.2)
Body height (cm) 163.06+8.49 163.1+8.97
Body weight (kg) 65.61+12.95 64.25+13.37
Diabetes (%) 53 (38.4) 33 (43.4)
Hypertension (%) 115 (83.3) 69 (90.8)
Hyperlipidaemia (%) 89 (64.5) 48 (63.2)
Aetiology (%)
Diabetic nephropathy 40 (29.0) 26 (34.2)
CGN 51 (37.0) 21 (27.6)
Hypertensive 20 (14.5) 13 (17.1)
CTIN 6 (4.3) 5 (6.6)
PCKD 7 (5.1) 5 (6.6)
Others 14 (10.1) 6 (7.9)
eGFR (mL/min/1.73 m?) 44.9+30.96 20.85+10.62

Urinary Cyr61 (pg/mL)*

7.45 (7.45, 622.59)

461.81 (7.45, 2547.49)

UCyr61CR (ng/g) * 49.41 (18.84, 943.21) 695.21 (22.09, 4035.7)
Log(UCyr61CR) 1.92+1.12 2.54+1.1

UPCR (g/9)* 0.36 (0.09, 1.03) 0.76 (0.33, 1.83)
Log(UPCR) -0.48+0.7 -0.1920.62
Haemoglobin (g/L) 126.85+22.19 114.55+18.79
White cell count (x10A9/L) 7.02+2.02 6.94+1.91
Fasting glucose (mg/dL)T 113.9+32.34 121.19+38.28
Albumin (g/dL)t 4.19+0.39 4.15+0.41

K (mmol/L)t 4.51+0.6 4.62+0.64

Ca (mmol/L)t 2.26+0.13 2.24+0.12

P (mg/dL)T 3.82+0.89 3.91+0.89
Triglyceride (mg/dL)t 189.65+146.61 193.95+119.11
Total cholesterol (mg/dL)t 178.03+34.61 178.02+36.03

The data are presented as the means (SD) or number (%) unless otherwise specified.

*Presented as median (25th/75th percentile).

TNot all subjects had these laboratory values. Numbers with results of the specified tests (in all patients and subset with eGFR <45 mL/
min/1.73 m?, respectively) were: fasting glucose (n=80, 37); albumin (n=79, 60); K (1=92, 66); Ca (n=58, 51); P (n=60, 52); triglyceride (n=63,
38); total cholesterol (n=77, 42). For these values, analyses were only done on variables present with missing observations ignored. Variables
with missing data were not included in the multivariable analyses.
CGN, chronic glomerulonephritis; CTIN, chronic tubulointerstitial nephritis; Cyr61, cysteine-rich protein 61; eGFR, estimated glomerular
filtration rate; PCKD, polycystic kidney disease; UCyr61CR, urine Cyr61-to-creatinine ratio; UPCR, urine protein-to-creatinine ratio.

supplemental figure 5A). At 3 months after enrolment, 47
(42.0%) of the 112 patients showed a rapid kidney func-
tion decline during the 3-month period, with a median
eGFR decline rate 11.79 (IQR 6.63-25.96) ml/min/1.73
m?*/year. As shown in figure 2A, baseline log(UCyr61CR)
was significantly higher in patients with rapid decline
during the subsequent 3 months (p<0.001). Unadjusted
logistic regression analysis showed that log(UCyr61CR)
was associated with rapid kidney function decline
(OR 1.78, 95% CI 1.25 to 2.54, p=0.001). After adjust-
ment for age, sex, body weight, diabetes, hypertension,

hyperlipidaemia, CKD aetiology, haemoglobin, baseline
eGFR and proteinuria, log(UCyr61CR) remained asso-
ciated with rapid kidney function decline in the subse-
quent 3 months (adjusted OR 2.29, 95% CI 1.27 to 4.15,
p=0.006, table 2).

Among the 112 patients who were analysed for kidney
function change, 38 (33.9%) experienced rapid kidney
function decline at 1 year after enrolment, with a median
eGFR decline rate 7.98 (IQR 5.85-10.41) ml/min/1.73
m?®/year. Log (UCy61CR) was comparable between groups
with and without rapid decline (figure 2B, p=0.15).
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Figure 1 Urinary Cyr61 and total protein levels. (A,

B) Histograms of frequency show the highly skewed
distributions of (A) the urine Cyr61-to-creatinine ratio
(UCyr61CR) and (B) the urine protein-to-creatinine ratio
(UPCR) in patients with chronic kidney disease (CKD). (C)
UCyr61CR levels (with lines at the median, first quartile

and third quartile) in patients with stage 4 or 5 CKD are
significantly higher than those in patients with stages 1, 2 or
3 a CKD. Kruskal-Wallis test, p<0.001; Mann-Whitney U test
with Bonferroni correction: *p<0.05; **p<0.01; ***p<0.0001.
(D) Scatter plot of UCyr61CR and baseline estimated
glomerular filtration rate (eGFR). Cyr61, cysteine-rich protein
61.

Baseline urinary Cyr61 excretion was not associated with
rapid kidney function decline in the subsequent 1 year
(table 2). Encountering rapid kidney function decline
at 3 months was associated with the risk of rapid kidney
function decline at 1 year (OR 4.55, 95% CI 1.97 to 10.48,
p<0.001).

In the subset of patients whose baseline eGFR <45 mL/
min/1.73 m2, 72 patients had serum creatinine measure-
ments at the three time points or developed ESRD during
the follow-up. There were 36 (50%) patients experi-
enced rapid kidney function decline in the subsequent
3 months. Baseline log(UCyr61CR) was significantly
higher in patients with rapid decline in the subsequent 3
months (figure 2C, p=0.005). At 1 year after enrolment,
26 (36%) had rapid kidney function decline during this
l-year period. Baseline log(UCyr61CR) values were not
different between the groups (figure 2D, p=0.35). In
accordance with the results from the entire cohort, base-
line log(UCyr61CR) had increased odds for rapid eGFR
decline in the subsequent 3 months (table 2, figure 3A).

We then examine whether measuring urinary Cyr61
excretion has clinical relevance for short-term kidney
function change. Based on the previous reports in the
literature, age, sex, baseline eGFR and log(UPCR) were
included in a base clinical model.*! In our cohort, this
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Figure 2 Associations of urinary Cyr61 and subsequent
rapid kidney function decline. (A, B) Comparisons of
baseline log(UCyr61CR) in patients grouped by their kidney
function decline rate in the subsequent (A) 3 month and (B)
1-year follow-up period. Rapid kidney function decline was
defined as an eGFR decline rate >4 mL/min/1.73 m?/year or
developing end-stage renal disease during the specific time
period. (C, D) In a subset of patients with baseline eGFR <45
mL/min/1.73 m?, comparisons of baseline log(UCyr61CR)

in patients grouped by their kidney function decline rate

in the subsequent (C) 3 months and (D) 1-year follow-up
period. Lines at median and first and third quartiles. **p<0.01;
***p<0.001. Cyr61, cysteine-rich protein 61; eGFR, estimated
glomerular filtration rate; UCyr61CR, urine Cyr61-to-
creatinine ratio.

model exhibited a suboptimal performance to predict
rapid kidney function decline during the 3-month
period, with the area under the receiver operating char-
acteristic curve (AUROC) 66.84%. Using a cut-off of
log(UCyr61CR) 2.27 (ie, UCyr61CR 186 ng/g) or higher
for predicting rapid 3-month kidney function decline
demonstrated the highest Youden’s index: the sensitivity
was 59.57%, specificity was 75.38%, positive predictive
value was 63.64%, negative predictive value was 72.06%
and the AUROC was 67.48%. Adding the UCyr61CR>186
ng/g into the base clinical model improve the AUROC to
73.36%, indicating good discrimination (figure 3B).

DISCUSSION

Many clinical factors, such as age, sex, race, blood pressure,
serum albumin, haemoglobin and urinary protein excre-
tion, have been reported to be associated with the dete-
rioration of kidney function.”™ Blood and/or urinary
levels of neutrophil gelatinase-associated lipocalin, kidney
injury molecule-1, cystatin C, dimethylarginines and
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Table 2 Association of baseline log(UCyr61CR) with rapid kidney function decline

Patients analysed for kidney function

decline (n=112)

Subset with baseline eGFR <45 mL/
min/1.73m? (n=72)

OR (95% ClI) P value OR (95% CI) P value

3-month follow-up

Unadjusted 1.78 (1.25 to 2.54) 0.001 1.92 (1.2 to 3.07) 0.006

Multivariable adjusted model 1 2.16 (1.24 to 3.78) 0.007 3.18 (1.39 to 7.29) 0.006

Multivariable adjusted model 2 2.12 (1.21t0 3.73) 0.009 3.29 (1.41 to 7.64) 0.006

Multivariable adjusted model 3 2.29 (1.27 to 4.15) 0.006 3.22 (1.32 to 7.88) 0.01
1-year follow-up

Unadjusted 1.29 (0.91 to 1.83) 0.146 1.24 (0.79 to 1.96) 0.345

Multivariable adjusted model 1 1.26 (0.73t0 2.2) 0.407 1.47 (0.69 to 3.14) 0.317

Multivariable adjusted model 2 1.34 (0.75 to 2.39) 0.327 1.35 (0.63 to 2.88) 0.435

Multivariable adjusted model 3 1.3 (0.7 to 2.4) 0.406 0.99 (0.42 to 2.37) 0.986

Rapid kidney function decline was defined as an eGFR decline rate >4 mL/min/1.73 m?/year or developing end-stage renal disease during the

specific follow-up period.

Multivariable adjusted model 1: adjusted for baseline eGFR, log urinary protein to creatinine ratio, hypertension, age.

Multivariable adjusted model 2: adjusted for model 1 variables+body wt and haemoglobin.

Multivariable adjusted model 3: adjusted for model 2 variables+sex, diabetes, hyperlipidaemia and CKD aetiology.

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; UCyr61CR, urine cysteine-rich protein 61-to-creatinine ratio.

fibroblast growth factor-23 were also independent predic-
tors of disease severity and progression of CKD.”*™ Inte-
grating clinical factors with biomarkers has the potential
to predict kidney disease trajectory and to guide prompt
interventions more efficiently.”” * In this study, we found
that urinary Cyr61 levels were very low in most patients
with stages 1, 2 and 3a CKD. In contrast, urinary Cyr61

A B .
log(UCyr61CR) E ~
16 73.36% I+
[0)
Ttg 8 31 H_,_‘J
%]
§ 4 z s |67.48%
£ 2 D 166.84%
S &1 I
K | — base clinical model
o 0.5 S — UCyr61CR > 186
3 [ — base clinical model
O 0.25 .y + UCyr61CR = 186
T 0.‘0 0{2 0.‘4 0.‘6 0‘5 1‘0
3-month 1-year 1 - specificity

Figure 3 Urinary Cyr61 and protein as predictors of rapid
kidney function decline in patients with CKD. (A) Adjusted
ORs and 95% Cls of baseline log(UCyr61CR) for rapid kidney
function decline during different time periods in the entire
cohort (solid boxes) and in a subset of patients with baseline
EGFR <45 mL/min/1.73 m? (hollow boxes). Multivariable
logistic analyses included age, sex, diabetes, hypertension,
hyperlipidaemia, CKD aetiology, body weight, haemoglobin,
baseline eGFR, log(UCyr61CR) and log(UPCR). (B) The area
under the receiver operating characteristic curve (AUROC) for
predicting rapid kidney function decline at 3 months follow-
up by the base clinical model (red), UCyr61CR >186 ng/g
(blue), and an integrated model of adding log(UCyr61CR) to
the base clinical model (green). Cyr61, cysteine-rich protein
61; eGFR, estimated glomerular filtration rate; UCyr61CR,
urine Cyr61-to-creatinine ratio; UPCR, urine protein-to-
creatinine ratio.

increased significantly in patients with stages 4 and 5
CKD. Multivariable analysis showed that log(UCyr61CR)
was negatively associated with eGFR, independent of age,
sex, body weight, haemoglobin level and the severity of
proteinuria. Therefore, although urinary Cyr61 excretion
is not a sensitive biomarker for detecting early CKD, it is
an indicator suggesting advanced kidney disease status.
There are some possible explanations for this associa-
tion. First, animal studies have shown that upregulation of
renal tubular Cyr61 and granulocyte-macrophage colony-
stimulating factor contributes to renal inflammation and
fibrosis through monocyte chemoattractant protein-1
induction.'’ " ** Transcriptional profiling of progressive
fibrotic murine kidneys revealed the increased expression
of a variety of proinflammatory gene modules."” Lebherz-
Eichinger et al also demonstrated different patterns
of urinary chemokine excretion in different stages of
CKD.? In other reports, urinary levels of inflammatory
proteins have been elevated in accordance with disease
activity in patients with diabetic nephropathy and lupus
nephritis.'” * As such, elevated urinary Cyr61 expression
may reflect persistent inflammatory processes in kidneys.
Second, there was a positive correlation of urinary
total protein with Cyr61 excretion (online supple-
mental figure 4C). It is possible that the increased
urinary Cyr61 excretion came from the overflow of
proteinuria. However, our multivariable regression
analysis showed that the association of log(UCyr61CR)
and eGFR remained significant after adjusting for
log(UPCR). This suggests a specific role of urinary
Cyr61 excretion, independent of the extent of protein-
uria. Third, advanced kidney failure may lead to Cyr61
accumulation in the body. Since blood Cyr61 levels were
not measured in this study, we could not examine this
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hypothesis. If this scenario is true, renal clearance of
Cyr61 should decrease as kidney function declines. This
contradicts the negative correlation of log(UCyr61CR)
and eGFR we found (online supplemental figure 4B).
As a result, the elevated urinary Cyr6l excretion in
advanced CKD is not merely due to the worsened eGFR.

The association between urinary Cyr6l excretion
and rapid kidney function decline in the subsequent
3-month period deserves more discussion. A recent
single cell RNA sequencing study suggested Cyr6l
is one of the chemotactic signalings upregulated in
failed repair renal tubules during progressive kidney
disease.'* Our previous animal study also demonstrated
that blocking Cyr61 ameliorates renal inflammation,
interstitial fibrosis and capillary rarefaction after isch-
aemic kidney injury.®” It may be possible that elevated
urinary Cyr61 reflects active intrarenal inflammation
along with ongoing kidney function deterioration, no
matter whether it is consequential or causative. Since
the current study did not measure other inflammatory
cytokines and did not interfere with Cyr61, the causal
relationship remains to be investigated by mechanistic
studies.

As shown in figure 3B, UCyr61CR measurement
could improve the discriminative performance of clin-
ical models to predict rapid kidney function decline in
the subsequent 3-month period. However, it was not
associated with rapid kidney function decline in the
whole 1-year observation period (figure 3A). Along with
different disease activities manifesting at different time
points and the response to treatments, urinary Cyr61l
excretion may change with time. Therefore, urinary
Cyr61 measurement at a single time point can predict
subsequent short-term kidney function decline, but not
long-term deleterious renal outcomes. Since urinary
Cry61 measurement is non-invasive, serial monitoring
this biomarker may be more beneficial to guide clinical
patient care.

Our study had certain limitations. First, non-
detectable urine Cyr61 values were substituted to
one-half the LOD of the assay. We also performed
supplementary analyses by using other substitution
methods and demonstrated very similar results (online
supplemental figure 6). Although the LOD/2 substitu-
tion method appears to give sufficiently accurate results
when the data are highly skewed,”” it leads to a nega-
tive bias for variability and does not estimate the mean
well. Second, this observational study was conducted
in a single hospital, and the sample size was relatively
small. We were unable to fully adjust for all potential
confounders, such as diet, fluids status and medication
that can contribute to CKD progression. The associa-
tion we identified lacked generalisability and did not
imply causality. Third, although most patients were
enrolled in the outpatient setting without frequent
recent nephrology appointments (online supplemental
figure 1), the entry points of patients to the study are
not the same. Patients who had acute kidney injury

prior to the enrolment or encountered subsequent
acute event might trigger the deterioration of kidney
function, rather than CKD progression itself. Fourth, we
did not prespecify a schedule of laboratory tests during
the follow-up. It has been shown that patients may have
nonlinear trajectories of eGFR change.” * Using only
two serum creatinine measurements to estimate the
slopes of eGFR changes in the current study may be
misleading. The accuracy of assessing kidney function
trajectory can be improved by increasing the number
of serum creatinine measurements and/or using the
mixed effect model.? 1° % Besides, we measured the
Cyr61 concentration of random urine samples. This
did not take into account the possible diurnal variation
in urinary Cyr6l excretion. Furthermore, we did not
measure serial urinary Cyry61 levels longitudinally. We
cannot comment on the change in urinary Cyr61 as a
function of eGFR change or its value in predicting the
response to therapies.

In conclusion, urinary Cyr6l excretion was signifi-
cantly increased in patients with advanced CKD. The
extent of urinary Cyr61 was associated with rapid short-
term kidney function decline. Non-invasive urinary
Cyr61 measurement can be clinically valuable for moni-
toring short-term kidney function trajectory and can
help guide treatment planning earlier in patients with
CKD.
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