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Abstract. Corin is a serine protease that is important for the 
regulation of blood pressure and water balance. Corin was 
initially discovered in the heart, however, it has also been 
detected in kidney cells, though its function in the kidneys 
is unclear. To further investigate the function of corin in the 
kidney, the present study analyzed the levels of corin in urine 
and blood samples collected from normal individuals and 
patients with primary proteinuric diseases. The associations 
between the levels of corin, and the cytokines interleukin-1β 
(IL-1β) and tumor necrosis factor-α (TNF-α) were then 
assessed. The results demonstrated that corin was detectable 
in the urine and plasma following an enzyme-linked immu-
nosorbent assay; the level of corin in the urine was associated 
with the level of urinary β2-microglobulin (P=0.01), which 
was indicative of renal tubular injury. When compared with 
normal individuals, the levels of urinary corin in proteinuric 
patients were markedly increased (P=0.02), and were also 
associated with IL-1β (P=0.03). This correlation between 
corin and IL-1β was confirmed in vitro using 293 cells. As 
the IL-1β concentrations increased (0, 0.1, 1, 10 ng/ml), an 
elevation in the level of corin was observed in the culture 
medium (P<0.01); however, the amount of corin was not 
markedly altered in the cell lysate (P>0.05). In addition, 
when TNF-α reached 10 ng/ml, the level of corin in the 
medium increased significantly when compared with the 
control group (0 ng/ml; P=0.02), however, no significant 
difference in corin levels was detected in the cell lysate. 
The results suggest that the cytokines IL-1β and TNF-α may 
increase urinary corin in patients with primary proteinuric 
kidney diseases. Cytokines may accelerate corin shedding 
from the cell membrane of renal tubule epithelial cells. These 

findings indicate that corin may be associated with kidney 
inflammation and injury.

Introduction

Corin is a type II transmembrane serine protease that is highly 
expressed in cardiomyocytes (1-4). The human corin gene is 
mapped to chromosome 4p12-13 (1) and encodes a polypeptide 
of 1,042 amino acids (5). In SDS-polyacrylamide gel electro-
phoresis and western blot analysis, human corin protein has 
an apparent molecular mass of ~190 kDa (6,7). The full corin 
protein is usually inactive and must be cleaved by proprotein 
convertase subtilisin/kexin type 6 (PCSK6) at Arg801-Ile802 
in order to be activated, which is why a ~40 kDa band may 
be detected in cells expressing wild-type corin. A previous 
study showed that three different soluble fragments derived 
from corin molecules, with molecular masses of ~180, ~160 
and ~100 kDa, could be detected in the culture medium of 
corin-expressing human embryonic kidney (HEK) 293 cells 
by western blotting, and that these different sized fragments 
were produced by either ADAM10-mediated shedding or 
corin autocleavage (8).

Like other serine proteases, corin also has a catalytic 
domain, namely a trypsin-like protease domain, which plays 
a prominent role in its biological function. The corin proteo-
lytic domain cleaves pro-atrial natriuretic peptide (pro-ANP) 
to form mature atrial natriuretic peptide (ANP) in the 
heart (6,9-11). Once activated, ANP is released into the circula-
tion. In target organs, such as the peripheral blood vessels and 
kidneys, ANP binds to and activates its receptor, natriuretic 
peptide receptor-A (NPR-A). NPR-A increases intracellular 
cyclic guanosine monophosphate (cGMP) production to 
promote vasodilation, natriuresis and diuresis, consequently 
maintaining blood pressure and volume balance (12-14).

Corin plays a vital role in the control of blood pressure and 
volume homeostasis. In corin gene knockout mice, systolic 
pressure, diastolic pressure and mean arterial pressure were 
significantly higher than in wild‑type mice (13,15), and the 
hypertension was exacerbated by dietary salt loading (16,17). 
Furthermore, in African Americans, polymorphisms 
(T555I/Q568P) in the corin gene have been shown to be asso-
ciated with high blood pressure and cardiac hypertrophy (18).

As well as cardiomyocytes, corin has also been reported 
to be expressed in other tissues, including kidney, pregnant 
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uterus, bone, skin and brain (12,19-21). In the kidney, corin 
was detected in epithelial cells, with segmental expression in 
the proximal tubule, thick ascending limb, connecting tubule, 
and throughout the collecting duct (12,22). Fang et al reported 
that the levels of urinary corin were markedly reduced in 
chronic kidney diseases, and that the reduction correlated 
with disease severity (23). This suggested that corin may be 
shed from the cell surface of renal tubules and that urinary 
corin levels could be associated with the severity of kidney 
diseases.

Proteinuric kidney diseases are diseases associated 
with inflammation and immunity. Numerous studies have 
reported that inflammatory cytokines are increased in kidney 
diseases (24,25). In order to determine the influence of cyto-
kines on corin expression and the effect of this on proteinuric 
kidney diseases, we assessed the levels of urinary corin 
and plasma cytokines and the correlations between corin and 
cytokine levels in vivo and in vitro.

Materials and methods

Patient samples. Plasma and urine samples were collected 
at the First Affiliated Hospital of Soochow University from 
31 patients with proteinuric kidney diseases [15 cases of 
chronic glomerulonephritis (CGN) and 16 cases of nephrotic 
syndrome (NS)] treated in the Nephrology Department, and 
from 21 healthy individuals who underwent a routine health 
check-up and reported no history of proteinuria. The present 
study was approved by the Ethics Committee of Soochow 
University (Soochow, China) and conducted in accordance 
with the approved guidelines. Written informed consent was 
obtained from all individuals recruited to the present study. 
At the time of sample collection, we excluded patients with 
infection, malignant cancer or diabetic nephropathy, and those 
with systemic diseases of the immune system. Characteristics 
of normal controls and patients are shown in Table I. Blood 
samples were anticoagulated with EDTA, while urine samples 
were collected without any anticoagulation. Blood and urine 
samples were centrifuged at 1,000 x g for 10 min, then super-
natant was collected and stored at ‑80˚C.

Enzyme‑linked immunosorbent assay (ELISA). Corin levels 
in plasma and urine samples were detected using an ELISA 
kit (R&D Systems, Minneapolis, MN, USA). The assay was 
performed in 96-well plates, with the capture antibody added 
the night prior to the assay. During detection, plasma samples 
were diluted 1:2 with 1% bovine serum albumin (BSA).

Plasma cytokines [cytokines interleukin-1β (IL-1β) and 
tumor necrosis factor-α (TNF-α)] were also detected with 
ELISA kits (Bio Legend System, San Diego, CA). For these 
assays, plasma was diluted 1:2.

Urinary albumin comes from the glomeruli, and 
increased levels are indicative of glomerular injury. Urinary 
β2-microglobulin (β2-MG) mostly originates from the renal 
tubules. Albumin and β2-MG levels in the urinary samples 
were assessed at the Renal Medicine Laboratory of the First 
Affiliated Hospital of Soochow University.

C‑reactive protein (CRP) and estimated glomerular filtration 
rate (eGFR). CRP in plasma was detected as part of the 

routine biochemical analysis at the First Affiliated Hospital of 
Soochow University. eGFR was calculated by the CKD-EPI 
equation, which takes into account the creatinine value 
and patient age. The creatinine value was also obtained by 
biochemical analysis.

Cell culture studies. 293 cells (26) were obtained from ATCC. 
293-corin cells were stably transfected with pcDNA3.1-h 
corin (plasmid containing full-length human corin; Invitrogen, 
Carlsbad, USA) (27), which was constructed by the Cyrus Tang 
Medical Institute of Soochow University (Soochow, China) 
(9,22,28). In the present study, 293 corin cells were cultured 
in Dulbecco's modified Eagle's medium with 500 ng/ml G418, 
at 37˚C with 95% air and 5% CO2. The pcDNA3.1-h corin 
plasmid (Invitrogen) also incorporated a C-terminal V5 tag, 
allowing the corin protein to be detected by western blotting 
using an anti-V5 antibody (Invitrogen).

In order to study the correlations between cytokine and 
corin levels, various concentrations (0, 0.1, 1 and 10 ng/ml) 
of the cytokines IL-1β, TNF-α and IL-6 were added to the 
culture medium. The group (0 ng/ml) was added 10 ul medium 
as buffer control. Subsequently, the conditioned medium was 
collected and the cells were lysed with lysis buffer for western 
blotting.

Western blot analysis. Protein samples collected from 
conditioned medium or cell lysates were mixed with loading 
buffer and heated at 98˚C for 5 min. After separation by 
SDS-polyacrylamide gel electrophoresis, the proteins were 
transferred to nitrocellulose membranes. After incubation with 
5% milk, the membranes were probed with the aforementioned 
anti-V5-HRP antibody in order to label the V5 tag of recom-
binant corin proteins. Prior to use, the anti-V5-HRP antibody 
was diluted 1:5,000 in 0.05% Tween Tris-HCl-buffered saline 
solution (TBST).

In the western blot analysis, corin protein in the culture 
medium was shown as three bands (~180, ~160 and ~100 kDa) 
on the films, which were measured by ImageJ. To normalize 
the values, the levels of corin in the medium were expressed 

Table I. Characteristics of normal controls and patients.

 Control Patients
Characteristics (n=21) (n=31)

Age (years) 43.00±2.02 49.81±2.53
Sex (n)  
  Male 12 18
  Female 9 13
eGFR (ml/min/1.73 m2) 98.12±3.69 97.10±3.18
CRP (mg/l) N/D 1.96±0.47
Proteinuria (g/24 h) N/D 1.90±0.41

Values are presented as the mean ± standard error, or as the n numbers. 
Age and sex distributions were not statistically different between the 
controls and patients. The 24 h urinary proteins of normal controls 
were not determined (N/D). eGFR, estimated glomerular filtration 
rate; CRP, C-reactive protein.
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as corin in medium/corin in lysate, in order to evaluate corin 
shedding. Corin values in the lysate were expressed as corin in 
lysate/GAPDH level, in order to evaluate potential differences 
in the rate of corin synthesis.

Statistical analysis. The statistical analysis of ELISA 
measurements was performed using SPSS 19 software, while 
western blot analysis results were analyzed using ImageJ 
and Prism 5 (GraphPad Software, Inc., La Jolla, CA, USA) 
software. All data were presented as the means ± SE. A 
Pearson's correlation analysis was used to test the correlations 
between the levels of two proteins. For statistical comparison, 
a Student's t-test or one-way ANOVA were used. P<0.05 was 
considered to indicate statistical significance, while P<0.01 
was considered to show marked significance.

Results

Results in vivo
Corin levels in plasma and urine. We detected the plasmatic 
and urinary corin levels in patients with CGN or NS and in 
healthy individuals. Corin could be detected in the plasma and 
urine (Fig. 1A and B); however, no significant correlation was 
found between plasma and urinary corin levels, whether in 
healthy individuals (r=0.40, P>0.05) (Fig. 1C) or in patients 
with proteinuric kidney disease (r=0.16, P>0.05) (Fig. 1D). To 
study the origin of urinary corin, we analyzed the association 
between corin level and urinary albumin (which mostly derives 
from glomeruli) and β2-MG (which mostly originates from 
the renal tubules). The level of urinary corin was positively 
correlated with urinary β2-MG (r=0.52, P=0.01) (Fig. 1F), but 

Figure 1. Corin levels in the plasma and urine. Corin could be detected in both plasma and urine samples. (A) Corin abundance in the urine of patients with 
proteinuric kidney diseases was higher than that in normal controls (*P=0.02). (B) Corin concentration in the plasma did not differ significantly between 
the patient group and the normal control group (P>0.05). (C) There was no significant correlation between plasma and urinary corin levels in normal 
controls (r=0.40, P>0.05). (D) There was no correlation between plasma and urinary corin levels in patients (r=0.16, P>0.05). (E) No correlation was 
found between urinary corin and urinary albumin (P>0.05). (F) Urinary corin was positively correlated with urinary β2-microglobulin (P=0.01). β2-MG, 
β2-microglobulin.
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no correlation was found between urinary corin and albumin 
levels (Fig. 1E) (r=0.05, P>0.05).

Compared with the healthy group, corin abundance was 
increased in the urine of patients with proteinuric kidney 
disease (84.45±7.75 vs. 114.50±8.50 pg/ml, respectively; 
P=0.02) (Fig. 1A). However, no difference in the level of 
plasma corin was found between the two groups [744.90±85.29 
(patients group) vs. 627.10±64.41 pg/ml (healthy group); 
P>0.05) (Fig. 1B).

Soluble corin and cytokine levels. To further study a possible 
explanation for the increased corin levels in the urine of 
patients with proteinuric kidney diseases compared with 
those of healthy controls, urinary corin levels were analyzed 
with respect to plasmatic CRP, eGFR, and plasma IL-1β 
and TNF-α levels. There were no correlations between 
urinary corin and CRP (r=0.10, P>0.05) or eGFR (r=0.15, 
P>0.05) (Fig. 2A and B). No significant differences in IL‑1β 
or TNF-α levels were found between healthy controls and 
patients [IL-1β, 1.84±0.25 (healthy group) vs. 1.87±0.27 pg/ml 
(patients group), P>0.05; TNF-α, 17.61±0.96 (healthy group) 
vs. 16.19±0.65 pg/ml (patients group), P>0.05]. However there 
was a positive correlation between urinary corin and plasma 
IL-1β levels (r=0.40; P=0.03) (Fig. 2C). No correlation was 
found between urinary corin and plasma TNF-α (Fig. 2D).

Results in vitro
Corin and IL‑1β. To further study the correlation between 
cytokines and corin, 293-corin cells were cultured. Various 
concentrations (0, 0.1, 1 and 10 ng/ml) of IL-1β were added 
to the culture medium. After 24 h, conditioned medium was 
collected and cells were lysed, and western blot analysis was 
performed. As the concentration of IL-1β increased, the amount 
of corin in the conditioned medium increased significantly 
[expression of corin in medium/corin gross level: 0 ng/ml, 
0.20±0.02 (P<0.01 vs. 0.1, 1 and 10 ng/ml); 0.1 ng/ml, 0.38±0.02 
(P>0.05 vs. 1 ng/ml; P<0.01 vs. 10 ng/ml); 1 ng/ml, 0.37±0.03 
(P<0.01 vs. 10 ng/ml); 10 ng/ml, 0.50±0.05] (Fig. 3A), whereas 
the levels of corin in the lysate were not significantly different 
between cells treated with 0, 0.1, 1 or 10 ng/ml of IL-1β 
(expression of corin in lysate/GAPDH: 1.48±0.09 vs. 1.42±0.17 
vs. 1.74±0.20 vs. 1.57±0.15, respectively; all P>0.05) (Fig. 3B). 
Subsequently, we added 1 ng/ml IL-1β to the cell culture 
medium for 12, 24, 36 or 48 h, and corin levels in the medium 
were shown to increase time-dependently (0.20±0.02 vs. 
1.44±0.12 vs. 2.91±0.30 vs. 5.65±0.38, respectively; P<0.01) 
(Fig. 3C); however, the levels of corin in the lysate of these 
groups did not alter significantly (P>0.05).

Corin and TNF‑α. We cultured 293-corin cells in medium 
containing various concentrations of TNF-α (0, 0.1, 1 

Figure 2. Correlation of urinary corin with CRP, eGFR, IL-1β and TNF-α. (A) No correlation was found between urinary corin and plasma CRP levels 
(P>0.05). (B) eGFR was not correlated with urinary corin level (P>0.05). (C) There was a positive correlation between urinary corin and plasma IL-1β levels 
(P=0.03). (D) No correlation existed between urinary corin and plasma TNF-α levels (P>0.05). One-way ANOVA was used for the statistical comparison among 
four groups. CRP, C‑reactive protein; eGFR, estimated glomerular filtration rate; IL, interleukin; TNF‑α, tumor necrosis factor-α.
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or 10 ng/ml), then collected culture medium and cell lysate 
for analysis by western blotting. Only when TNF-α reached a 

concentration of 10 ng/ml was the level of corin in the medium 
increased significantly compared with the control group 

Figure 3. Correlation between IL-1β and corin in HEK 293 cells expressing corin. (A) In the cell culture medium, corin molecules of ~180, ~160 and ~100 kDa could 
be detected. In the cell lysate, two bands, ~190 kDa full length corin and a ~40-kDa active form, were detected. The levels of corin in the culture medium were 
expressed as corin in medium/corin in lysate. As IL-1β increased, the level of corin in the cell culture medium also increased (P<0.05). (B) The amount of corin in 
the cell lysate did not alter significantly with different concentrations of IL‑1β (P>0.05). (C) Corin abundance in the culture medium increased with the duration 
of IL-1β treatment (P<0.01). (D-F) Results of statistical analyses of (A), (B) and (C), respectively. **P<0.01, and ***P<0.0001. One-way ANOVA was used for the 
statistical comparison among four groups. IL, interleukin; HEK, human embryonic kidney. 

Figure 4. Correlation between TNF-α and corin in HEK 293 cells expressing corin. (A) Correlation between TNF-α and corin in cell culture medium; the level of 
corin increase significantly at a TNF‑α concentration of 10 ng/ml compared with 0 ng/ml (P=0.02). (B) There was no correlation between TNF-α concentration and 
corin level in the cell lysate. (C and D) Statistical analyses of (A) and (B), respectively. **P<0.01. One-way ANOVA was used for the statistical comparison among 
four groups. TNF-α, tumor necrosis factor-α; HEK, human embryonic kidney.
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(0 ng/ml) (P=0.02); no significant increases were found in cells 
treated with 0.1 or 1 ng/ml TNF-α (P>0.05) (Fig. 4A). The levels 
of corin in the lysate did not differ significantly between any 
of the treatment groups (1.42±0.05 vs. 1.27±0.16 vs. 1.22±0.11 
vs. 1.29±0.25, respectively; P>0.05) (Fig. 4B).

Corin and IL‑6. A similar experiment was performed to 
study the correlation between IL-6 and corin levels. The 
concentrations of IL-6 used were 0, 0.1, 1 and 10 ng/ml. The 
amount of corin did not change markedly with increases in 
IL-6, in either the culture medium or the cell lysate (medium, 
0.50±0.03 vs. 0.56±0.02 vs. 0.51±0.03 vs. 0.48±0.03, respec-
tively, P>0.05; lysate, 1.22±0.15 vs. 1.15±0.20 vs. 1.25±0.12 
vs. 1.35±0.17, respectively, P>0.05) (Fig. 5A and B).

Discussion

Corin is a serine protease that regulates blood pressure and 
volume balance (13,14). Besides cardiomyocytes, corin has 
also been detected in the kidney. Corin is distributed in 
epithelial cells, including those of the proximal tubule, thick 
ascending limb, connecting tubule, and collecting duct, but not 
the glomerulus (12,22). The specific distribution of corin in 
the kidney suggests that corin may play a specific role in regu-
lating kidney physiology. Previously, we found that urinary 
corin in chronic kidney disease (CKD) was reduced, and that 
this reduction correlated with disease severity (23). However, 
the factors that can influence corin expression in primary 
proteinuric kidney diseases remain largely undetermined. 
Therefore, in the present study, we analyzed the relationship 
between corin and CRP, eGFR and three of the most common 

cytokines in order to investigate a possible corin expression 
pattern in proteinuric kidney diseases.

Although corin is a transmembrane protein (1), soluble 
corin is detectable by ELISA in plasma and urine samples. 
This suggests that corin may be shed from cell membranes 
into the circulation or urine. The primary source of corin in the 
urine is corin shedding from tubule epithelial cells; however, 
this is not the case for corin in the plasma, as we found that 
there was no correlation between urinary corin and plasmatic 
corin levels. As urinary albumin mostly comes from glomeruli 
and β2-MG mostly originates from renal tubules, we studied 
their correlation with urinary corin levels to confirm the origin 
of the urinary corin. We found that the level of urinary corin 
was correlated with urinary β2-MG but not urinary albumin, 
which suggested that urinary corin may originate from the 
renal tubules. Moreover, urinary corin levels in proteinuric 
patients were significantly higher than those in healthy 
controls, indicating that the increased level of urinary corin 
may be related to tubular injury in proteinuric diseases.

Proteinuric kidney diseases are usually associated with 
inflammation and immunity, and microinflammation can 
accelerate the progression of CKD (24,25). To further study 
which factors could influence the level of corin in the urine, 
we analyzed the correlation between urinary corin and 
plasmatic CRP, eGFR and plasmatic cytokine levels (IL-1β, 
TNF-α and IL-6). Although there were no differences in the 
plasmatic IL-1β and TNF-α levels between the proteinuric 
kidney disease group and the healthy control group, a positive 
correlation was identified between urinary corin and plasma 
IL-1β levels in proteinuric patients, which suggested that corin 
levels in the urine were sensitive to changes in IL-1β levels in 

Figure 5. Correlation between IL-6 and corin in human embryonic kidney 293 cells expressing corin. (A) There was no correlation between IL-6 and corin 
level in the cell culture medium. (B) No correlation was found between IL-6 and corin level in the cell lysate. (C and D) Statistical analyses of (A) and (B), 
respectively. IL, interleukin. 
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the plasma. This may indicate that, in kidneys with a low-level 
inflammatory state, the levels of corin in the urine increase 
significantly. Compared with IL-1β, only when TNF-α 
reached to 10 ng/ml, the level of corin in the medium would 
augmented significantly. But the concentration of TNF-α 
(10 ng/ml) is higher than the plasma level. To confirm the rela-
tionship between corin and the cytokines IL-1β, TNF-α and 
IL-6, we investigated the impact of these three cytokines on 
corin levels in vitro. The results revealed that IL-β and TNF-α 
may accelerate corin shedding from the cell membrane, 
without having a significant effect on corin synthesis; this was 
demonstrated in 293-corin cells experiments, which showed 
that stimulation with increasing concentrations of IL-1β or 
TNF-α resulted in increased levels of corin in the cell culture 
medium, whereas corin abundance in the cell lysate samples 
remained unchanged. Corin responded to IL-1β in a time- and 
dose-dependent manner. However, IL-6 did not appear to have 
an effect on the shedding or synthesis of corin.

In summary, the levels of urinary corin in patients with 
proteinuric kidney diseases were higher than those in normal 
controls, and increased urinary corin levels were positively 
correlated with levels of the cytokines IL-1β. The results 
indicated that certain cytokines could accelerate corin shed-
ding from the cell membrane, but had no significant effect on 
corin synthesis. Further studies on corin mRNA levels and 
downstream signaling pathway protein (ANP, phosphodies-
terase type 5, etc) stimulated by cytokine must be done in the 
future. In addition, IL-1β and TNF-α often act synergistically 
with other cytokines, such as IFN-γ in immunoinflammatory 
responses, whether IFN-γ plays an important role in corin 
metabolism still need to study. Both IL-1β and TNF-α play 
a role in corin shedding, the binding sites on the promoter of 
corin are still unknown. IL‑10 is an anti‑inflammatory cyto-
kine, we will go on study whether IL-10 can revert IL-1β and 
TNF-α induced corin production in vitro or not.
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