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function. A significant increase in urinary CypA was noted in stage 2

DN and persisted in later stages. We could diagnose stage 2 DN using

urinary CypA with a sensitivity of 90.0% and specificity of 72.7%. The

almost always leads to
clinical markers mostly
the progression of DN.
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Abstract: Type 2 diabetes mellitus (DM) is the most common single

cause of end-stage renal disease. Albuminuria is the most commonly

used marker to predict onset of diabetic nephropathy (DN) without

enough sensitivity and specificity to detect early DN. This is the first

study to identify urinary cyclophilin A (CypA) as a new biomarker for

early DN.

We recruited DM outpatients and healthy control subjects from

January 2014 to December 2014. In this cross-sectional study, patients’

urine samples were collected to determine the expression of urinary

CypA. We also treated mesangial (MES-13) and tubular (HK-2) cells

with glucose or free radicals to observe the expression of secreted CypA

in Western blot analysis.

A total of 100 DN patients and 20 healthy control subjects were

enrolled. All variables were matched. In univariate analysis, the con-

centration of urinary CypA correlated well with the progression of renal
ng-Ju Wu, MD, Ph Chen, PhD,
D, PhD, and Mingli Hsieh, PhD

area under curve was up to 0.85, indicating a good discriminatory

power. In cellular models, MES-13 and HK-2 cells can both release

CypA.

Urinary CypA is a good biomarker for early DN detection in humans

and it can be released from either mesangial or tubular cells. The

underlying molecular mechanisms still need further clarification in

cellular and animal studies.

(Medicine 94(42):e1802)

Abbreviations: AUC = area under curve, CypA = cyclophilin A,

CKD = chronic kidney disease, CAD = coronary arterial disease,

CVD = cardiovascular disease, DM = diabetes mellitus, DN =

diabetic nephropathy, ESRD = end-stage renal disease, GFR =

glomerular filtration rate, L-FABP = liver-type fatty acid-binding

protein, MES-13 = mesangial, PTEC = proximal tubule epithelial

cell, RA = rheumatoid arthritis, sCypA = secreted cyclophilin A.

INTRODUCTION

T ype 2 diabetes mellitus (DM) is the most common single
cause of end-stage renal disease (ESRD).1 ESRD in almost

half of patients is due to diabetic nephropathy (DN), and these
cases have the worst outcome compared to patients with other
causes of ESRD. Although there are many novel drugs for DM,
there are no specific curative treatments yet for DN. Reasons for
poor outcome include inadequate markers and the complicated
mechanisms of DN.2 Currently, the stage of severity is deter-
mined according to the levels of albuminuria. Albuminuria is
the most commonly used marker to predict onset and pro-
gression of DN clinically. However, this traditional marker
for DN lacks both sensitivity and specificity to detect early
stage of DN.3 Furthermore, some DN patients with ESRD do
not present with significant albuminuria.4–6 The lack of a strong
association between glomerular filtration rate (GFR) and albu-
minuria suggests that an alternative to this albuminuria-based
staging system is needed. Some studies have noted the existence
of pathological change before microalbuminuria.4 Therefore,
even if microalbuminuria can be regarded as the earliest mani-
festation of DN, it is possible that a new biomarker for DN
exists. Recently, different markers of DN were reviewed4,7,8

including fibroblast growth factor 23,9 tubular markers10 (kid-
ney injury molecule 1, neutrophil gelatinase-associated lipoca-
lin, and liver-type fatty acid-binding protein [L-FABP]),11

inflammatory markers (interleukin 6 [IL-6], IL-8, monocyte
chemoattractant protein 1, and interferong–inducible
protein),12 urinary 8-hydroxy-20-deoxyguanosine,13 serum
cystatin C,14 and so on. Among these, genetic susceptibility
irreversible DN, and detection of the
occurs too late to diagnose and monitor

As such, it is crucial to find an earlier and
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we will follow up this patient 3 months later and choose the
reliable marker for DN. Earlier diagnosis and intervention may
provide an opportunity to stop the permanent damage caused
by DN.

Cyclophilin A (CypA) is an 18-kDa protein with ubi-
quitous characteristics.15 It is mostly distributed in the cyto-
plasm and facilitates protein folding and protein trafficking. It
also acts as a cellular receptor for cyclosporine A (CsA). The
expression of CypA is relatively high in the kidney,16 where
proximal tubular epithelial cells (PTECs) are reported to
contain considerably more CypA than other kidney tissues.17

With respect to kidney diseases, the majority of research has
been on the cellular relationship between CypA and CsA,
which is used as an immunosuppressant, and leaves behind its
secreted form. This secreted CypA (sCypA) was reported to
be correlated with cardiovascular disease (CVD), asthma,
rheumatoid arthritis (RA), and lung and liver injury.18 sCypA
has been suggested to be a potential biomarker and mediator
in CVD.19

In addition, sCypA is associated with inflammatory or
infectious diseases such as RA, asthma, and periodontitis.20

Interestingly, sCypA was also detected in diabetic patients’
plasma21 and was shown to be secreted by monocytes in
response to hyperglycemia,22 indicating that sCypA could be
a potential secretory marker in type 2 DM.22 Furthermore, a
relatively high expression level of CypA in normal kidneys16

has led to speculation that sCypA may be associated with solid
organ damage. As a product directly produced by kidney, urine
could be best measure for renal injury detection. Therefore, we
postulated that CypA level in urine would be the most suitable
indicator of DN.

RESEARCH DESIGN AND METHODS

Study Population
We recruited all the DM outpatients and healthy control

groups with informed consent. In the group of DM patients, the
different stages of DN were screened for the concentrations of
urinary CypA. All subjects in this cross-sectional study were 20
years of age and older. Patients were free from infectious
disease, inflammatory disease, liver disease, or malignancy,
and all were nonsmokers. Only metabolic syndrome and/or
CVD were noted. Patients who took drugs for hypertension,
DM, hyperlipidemia, hyperuricemia, CVD, hyperuricemia, and
gout were not excluded. Patients who took drugs for any other
disease or condition were excluded. These data were collected
in the outpatient department of metabolism and nephrology at
Taichung Veterans General Hospital between January 2014 and
December 2014. All of the study procedures were conducted in
accordance with the ethical standards of Taichung Veterans
General Hospital and were approved by the institutional review
committee (CE14077, TCVGH).

Data Collection
All DM patients were diagnosed according to the DM

guidelines of the American Diabetes Association in 2013.23 We
collected the participants’ clinical parameters including gender,
age (years old), and duration after diagnosis of DM (years). The
stages of DN were categorized according to the previous
literature24 where stage 1 is associated with hyperfiltration
and a measured GFR exceeding the upper limit of the normal

Tsai et al
range (120 mL/min per 1.73 m2) or beyond þ2 standard devi-
ation from mean GFR. Stage 2 DN develops silently over many
years and is characterized by morphologic lesions without signs
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of clinical disease. Thus, it is usually called the silent stage.
Stage 3 DN is characterized by ‘‘microalbuminuria’’ where
urinary albumin excretion is between 30 and 300 mg/day or
between 30 and 300 mg/g creatinine on a spot urine sample.
Patients with normal GFR (no>2SD of GFR) and without
microalbuminuria were defined as stage 2 DN. More impor-
tantly, some patients with normal GFR (no>2SD of GFR) and
without microalbuminuria do not have DN. Patients included in
our study should fit the above criteria and should have increased
GFR (>2 SD of GFR) before timing of recruitment (progression
of stage 1 DN) to make sure they really had DN and they were in
the stage 2 of DN. Stage 4 DN is defined by severely increased
albuminuria, also known as the ‘‘macroalbuminuria’’ (urinary
albumin excretion above 300 mg/day or above 300 mg/g crea-
tinine on a spot urine sample). The final stage, stage,5 is known
as ESRD. Blood samples were tested for fasting sugar (mg/dL),
glycated hemoglobin (%), SCr (mg/dL), GFR (mL/min per
1.73 m2),25 total cholesterol (mg/dL), triglyceride (mg/dL),
and low density lipoprotein cholesterol (mg/dL). Spot urine
test was used to measure the concentration of CypA (ng/mL)
and albumin creatinine ratio (ACR) (mg/g). The index esti-
mated glomerular filtrate rate (eGFR) was calculated using the
modification of diet in renal disease (MDRD) equation:25 eGFR
(mL/min per 1.73 m2)¼ 186

�
SCr�1.154 �Age�0.203�0.742 (if

female). Patients were screened for CVD (hypertension, stroke,
coronary artery disease, heart failure, and aortic aneurysm).
Hypertension was defined as an average home systolic blood
pressure greater than 140 mmHg and a diastolic blood pressure
greater than 90 mmHg before medication according to the
definition for stage I/II hypertension set forth in the JNC-7
guidelines.26 Patients currently receiving antihypertensive
agents were deemed to have hypertension. Stroke was con-
firmed by neurologists or brain images. Coronary artery disease
(CAD) was defined according to arterial angiography. Some
were diagnosed according to cardiologists, who made diagnosis
of CAD according to if patients with typical angina pectoris,
myocardial infarction, or silent myocardial ischemia. They used
electrocardiogram, cardiac enzyme, coronary calcium score,
and stress test to diagnose CAD. Heart failure was confirmed by
cardiac sonography or the guidelines of the Framingham
study.27 Drugs such as angiotensin-converting enzyme inhibi-
tors or angiotensin II receptor blockers, dipeptidyl peptidase 4
inhibitor sulfonylurea, metformin, dipyridamole, pentoxifyl-
line, and statin were also recorded to analyze possible corre-
lations with urinary CypA concentration. We would also like
to point out how we select patients. All data including medi-
cation, laboratory, and clinical parameters are without signifi-
cant changes within 6 months or between 2-time outpatient
department visits. We checked all parameters during the period
of recruitment. If they remain similar to the previous data,
we include them in the study. If there are significant changes,
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data (the ones after 3 months) if it became similar to the
previous data.

Urine Collection and Analysis
Urine was collected in the morning from the outpatient

subjects and stored in an ice package immediately. Within
4 hours, it was then restocked under �80 8C until analysis.
The expression of urinary CypA was examined using an

enzyme-linked immunosorbent assay kit (SEA979Hu, Uscn
Life Science Inc., Texas, USA). All data of urinary CypA were
double-checked at least twice.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



MATERIALS AND METHODS OF CELL STUDY

Cell Culture
Mesangial cell (MES-13 cells, glomerular mesangial cells

from an SV40 transgenic mouse) were obtained from the
American Type Culture Collection (CRL-1927; Manassas,
VA). MES-13 cells were cultured in a 3:1 mixture of M199
(Invitrogen, Carlsbad, CA) and Ham F-12 (Invitrogen), supple-
mented with 5% FBS, 1% penicillin–streptomycin, 1%
L-glutamine, and 14 mM HEPES, and maintained at 37 8C in
an incubator with 5% CO2. All culture supplies were acquired
from Life Technologies (Gaithersburg, MD). HK-2 cells
(human PTEC) were obtained from American Type Culture
Collection (CRL-2190; Manassas, VA). HK-2 cells were main-
tained in DMEM/F12 and supplemented with 10% fetal bovine
serum (FBS), 1% penicillin/streptomycin/amphotericin B, and
1% glutamine (Invitrogen, Carlsbad, CA).

Western Blotting
The cell lysates were collected from MES-13 and HK-2

cells, and Western blot analysis was performed as described
previously.28 Western blot reagents were obtained from Pierce
(Rockford). Primary antibodies included polyclonal anti-CypA
(1:10,000, Millipore, MA) and b-actin (Novus, Colorado) over-
night at 4 8C followed by incubation with a horseradish peroxi-
dase conjugated secondary antibody. Proteins were visualized
using enhanced chemiluminescence (Amersham Biosciences,
Amersham, UK). Protein bands of Western blot analysis were
quantified using Quantity One software (BioRad). All other
chemical supplies were acquired from Sigma (St Louis, MO).

Glucose Treatment
MES-13 and HK-2 cells were seeded in a 6 cm cell culture

plate with 4� 105 and 3� 105 cells/plate, respectively. They
were incubated in M199:F12 (3:1) and DMEM:F12 (1:1)
complete medium, respectively, for 1 day. Then culture media
were replaced by 0.5% FBS (M199/low glucose:F12¼ 3:1) for
2 days. The cells were incubated in the serum-free media
supplemented with 0, 10, 25, and 50 mM of glucose. The
procedure was conducted according to the methods described
in a previous study (Su et al, unpublished data). After 24 hours
of treatment, the secreted cellular proteins were collected for
immunoblotting analysis.

H2O2 TREATMENT
MES-13 and HK-2 cells were seeded in a 6 cm cell culture

plate with 5� 105 and 3� 105 cells/plate, respectively. They were
incubated in M199:F12¼ 3:1 complete medium for 1 day and
were then replaced by serum-free medium (M199:F12¼ 3:1) and
incubated for another 2 days. After 30 minutes of 0, 20 mM, or
40 mM of H2O2 stimulation, the secreted and cellular proteins were
collected for immunoblotting analysis. To confirm the role of
H2O2 in sCypA upregulation, mesangial cells and tubular cells
were treated for 30 minutes with 20, and 40 mM of H2O2 in the
presence or absence of 300 U/mL catalase (Sigma, St Louis, MO)
according to a previously described method.29

Statistical Analyses

Medicine � Volume 94, Number 42, October 2015
Data were expressed as the mean�SD in continuous
variables. Mann–Whitney U test was used for continuous
variables and the Chi-square test was used for categorical

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
variables. A general linear model was used for categorical
variables, and simple linear regression was used for continuous
variables. The results from Western blot were expressed as
mean�SEM and were analyzed by Student’s t-test. All stat-
istical procedures were performed using the SPSS statistical
software package, version 17.0 (Chicago, IL). A value of
P< 0.05 was considered statistically significant.

RESULTS

Baseline Characteristics of Cohorts
A total of 100 DN patients and 20 healthy control subjects

were enrolled in this study (Table 1). The DN patients were
categorized according to their stages of DN with matched basic
variables. The control individuals were healthy subjects without any
metabolic syndrome or medical drug treatment. Among all 100 DN
patients, there were no significant differences in gender distribution
(P¼ 0.553), age (P¼ 0.469), fasting sugar (P¼ 0.403), glycated
hemoglobin (P¼ 0.352), total cholesterol (P¼ 0.447), triglyceride
(P¼ 0.324), or low density lipoprotein cholesterol (P¼ 0.199).
Prevalence rates of other metabolic syndromes and CVD were both
similar, including hypertension (P¼ 0.668), stroke (P¼ 0.480),
coronary artery disease (P¼ 0.724), heart failure (P¼ 0.712), aortic
aneurysm (P¼ 1.000), and hyperlipidemia (P¼ 0.075). All
included drugs were matched (except metformin) as well, such
as angiotensin-converting enzyme inhibitors or angiotensin II
receptor blockers (P¼ 0.144), insulin (P¼ 0.625), dipeptidyl pep-
tidase 4 inhibitor (P¼ 0.710), sulfonylurea (P¼ 0.276), dipyrida-
mole (P¼ 0.740), pentoxifylline (P¼ 0.121), and statin
(P¼ 0.095). It was not possible to match the usage of metformin
because it is contraindicated in advanced DN. Among all the basic
characteristics, it was difficult to match duration of DM (P¼ 0.009)
because progression of DN is highly time-dependent. Patients with
more severe DN had higher serum creatinine (SCr) (P< 0.001),
lower GFR (P< 0.001), higher ACR (P< 0.001), and higher
urinary CypA (P< 0.001). Taken together, all basic variables were
matched (except metformin), and with later stage of DN, patients
had worse renal function parameters, including SCr, GFR, and
ACR. Importantly, the concentrations of urinary CypA were stat-
istically different among the different stages of severity of DN.

Correlation Between Urinary CypA and Other
Clinical Variables

Because some variables are clinically associated with renal
functions, we performed univariate analysis to verify the associ-
ations between these variables and urinary CypA (Table 2). Our
analysis showed that if patients did not use metformin, the
concentration of urinary CypA would increase by 3.281 ng/mL
(Fig. 1A). The concentration of urinary CypA increased by
0.395 ng/mL for each 1 mg/dL increase of SCr. With each 1 mL/
min decrease in GFR, the concentration of urinary CypA
increased by 0.030 ng/mL. Without proteinuria, the concen-
tration of urinary CypA decreased by 3.095 ng/mL (Fig. 1B).
Even though there were no statistically significant differences
among the different stages of chronic kidney disease (CKD)
(Fig. 1D), there seemed to be a trend of increasing urinary CypA
in the later stages of CKD. Also, there was a trend of higher
urinary CypA in the group with GFR less than 60 mL/min per
1.73 m2 as compared with the GFR group with more than

Urinary Cyclophilin A for Diabetic Nephropathy
60 mL/min per 1.73 m2 (Fig. 1C). For each 1 mg/g increase
in ACR, the concentration of urinary CypA increased by
0.001 ng/mL (Fig. 2A and Table 2). All of the abovementioned
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TABLE 2. Univariate Analysis and Multivariate Analysis

Univariate Analysis
�

P Value R2

Age 0.605
Gender 0.305
Hypertension 0.997
Stroke 0.664
Coronary arterial disease 0.470
Heart failure 0.570
ACEiy or ARBz 0.773
Sulfonylurea 0.507
Insulin 0.973
DPP4i§ 0.952
Metformin 0.004 0.095
CypA$¼ 1.581þmetformin (use)

�
0 or metformin (no use)

�
3.281

Dipyridamole 0.794
Pentoxifylline 0.648
Statin 0.177
DM 0.425
Hyperlipidemia 0.255
Proteinuria 0.008 0.082

CypA$¼ 4.438þ proteinuria(yes)
�
0 or no proteinuria

�
(�3.095)

Dialysis 0.389
GFR� 60 mL/min per 1.73 m2 0.060
Duration 0.957
Fasting sugar 0.898
HbA1cjj 0.686
Creatinine 0.037 0.052

CypA$¼ 2.241þCr
�
0.395

Glomerular filtration rate 0.013 0.052
CypA$¼ 5.270þGFR

�
(�0.030)

Total cholesterol 0.133
Triglyceride 0.567
Low density lipoprotein cholesterol 0.796
ACR� 0.034 0.054

CypA$¼ 2.461þACR
�
0.001

Multivariate analysis P value R2

ACR 0.414
GFR# 0.547
Metformin 0.081

�
General linear model for categorical variables and simple linear

regression for continuous variables.
yAngiotensin-converting-enzyme inhibitor.
zAngiotensin II receptor blockers.
§ Inhibitors of dipeptidyl peptidase 4.
jjGlycated hemoglobin.
� Urine albumin creatinine ratio.
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variables were renal function-related or renal function-depen-
dent. In summary, the concentration of urinary CypA correlated
well with the progression of renal function in DN patients, based
on the albuminuria-based model.

Urinary CypA Correlated With the Severity of DN
Stages

The relationship between urinary CypA and ACR is sum-

# Glomerular filtration rate.
$ Cyclophilin A.
marized in Fig. 2A. The R2 was 0.054 with a statistically
significant correlation between urinary CypA and ACR. More-
over, we analyzed the correlation of urinary CypA among all 6

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
groups, including 5 stages of DN. The concentrations of urinary
CypA were not different between the control group and stage 1
of DN (P¼ 0.117) (Fig. 2B). However, with progression of DN,
urinary CypA significantly increased in stage 2 DN compared to
that in stage 1 DN (P¼ 0.012). Most importantly, the concen-
tration of urinary CypA increased as DN stages progressed
(P¼ 0.003, <0.0001, and 0.005 between stage 2 and 3, stages 3
and 4, stages 4 and 5, respectively). Consistently, compared to
patients with DN stage 1, the CypA concentrations in patients
with DN stages 2 to 5 were significantly increased (P¼ 0.006)
(Fig. 2C).

Diagnosis of Silent Stage of DN via Urinary CypA
Since the concentration of urinary CypA significantly

increased in stage 2 DN (silent stage) and it persistently
increased significantly with the progression of DN, we per-
formed an analysis of the receiver operating characteristic curve
(Fig. 3). Our analysis demonstrated that when the concentration
of urinary CypA was more than 0.7250 ng/mL, we could
diagnose the silent stage of DN with a sensitivity of 90.0%
and specificity of 72.7%. The area under curve (AUC) was up to
0.85, indicating that the use of urinary CypA for the diagnosis of
silent stage of DN had a moderately good discriminatory power.

Secreted CypA in Mesangial Cells Treated With
High Concentration of Glucose or Free Radicals

At the microscopic level, there are 3 major histological
changes in the glomeruli in DN: mesangial expansion, glomer-
ular basement membrane thickening, and glomerular
sclerosis.30 A hyperglycemic state stimulates mesangial cell
matrix production31 and mesangial cell apoptosis.32 Hence, we
examined whether sCypA was secreted from mesangial cells
following high glucose treatment. As shown in Figure 4A,
glucose increased sCypA level in a dose-dependent manner
(10, 25, and 50 mM). Statistical analysis showed that the
increased expression of sCypA was found at 25 mM versus
control (P¼ 0.037) and 50 mM versus control (P¼ 0.037).
Expression of sCypA was much higher at 50 versus 10 mM
(P¼ 0.018) (Fig. 4B). Meanwhile, it is known that reactive
oxidative stress also plays an important role in DN. NADPH
oxidase-mediated renal reactive oxidative stress promotes
mesangial expansion and albuminuria.33 We found that the
expression of sCypA was significantly increased after 20 or
40 mM H2O2 treatment for 30 minutes (Fig. 4C). Quantitative
assessment showed that either 20 or 40 mM H2O2 treatment
significantly increased the expression of sCypA, which could be
reversed by 300 U/mL of catalase (scavenger of free radicals)
(Fig. 4D), which was used to counteract the effects of H2O2. It is
worth noting that all the experiments were carefully performed
with proper controls to eliminate CypA released from cell death.
Taken together, free radicals or high concentrations of glucose
stimulate the secretion of CypA from mesangial cells,
suggesting that there is a link between sCypA and pathogenesis
of DN.

sCypA Released From HK-2 Cells Upon High
Glucose Or Free Radical Treatment

Mesangial cell injury is the classical expression of DN, but
recent studies suggested that DN is also a tubular disease. Early
changes in tubular epithelial cells may be an essential factor in

Urinary Cyclophilin A for Diabetic Nephropathy
the development of progressive kidney diseases.34 HK-2 cells,
human PTEC, have been used as a cell model to study tubular
diseases. Therefore, Western blotting was used to disclose the

www.md-journal.com | 5



FIGURE 1. Univariate analysis between clinical parameters and urinary CypA. P value for A was <0.001, for B was 0.007, and for C was
5 o

Tsai et al Medicine � Volume 94, Number 42, October 2015
expression of sCypA whereby various concentrations of glucose
and H2O2 were applied to HK-2 cells. As expected, different
concentrations of glucose (10, 25, and 50 mM) could effectively
increase the expression of sCypA (Fig. 5A), indicating that
hyperglycemia can also induce sCypA release from tubular

<0.060. P value between stages 1 and 2, 2 and 3, 3 and 4, 4 and
CKD¼ chronic kidney disease, CypA¼ cyclophilin A.
cells. In addition, either 20 or 40 mM H O treatment signifi-
2 2

cantly increased the expression of sCypA, which could be
reversed by 300 U/mL of catalase (Fig. 5B).

DISCUSSION
The current clinical markers for DN are GFR and micro-
albuminuria. SCr is routinely measured for GFR, which can be
used to stage CKD regardless of DM association. Since all renal
diseases will progress to CKD and the cause and progression of

6 | www.md-journal.com
CKD are heterogeneous, every cause related to CKD should
theoretically have its own staging or detection criteria. Specific
markers allow physicians to target and treat the definite cause,
thereby potentially preventing further renal function deteriora-
tion. Albuminuria or proteinuria is the typical marker used for
staging DN progression. However, it has become evident that
there exists a subpopulation of patients with discrepant classi-
fications of DN (albuminuria-based) and CKD (GFR-based).4–6

Therefore, some committees are trying to develop a new
classification of DN,35 combining both GFR and albuminuria
systems.

In this study, we measured renal function parameters and

f CKD were 0.511, 0.633, 0.365, 0.203, and 0.061, respectively.
demonstrated that urinary CypA was significantly associated
with SCr, GFR, proteinuria, ACR, stages of DN, and stages of
CKD. In addition, either GFR-based or albuminuria-based

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



(Continued)

FIGURE 3. ROC curve for diagnosing silent stage of DN via urinary
CypA. The concentration of urinary CypA to diagnose silent stage
of DN was 0.7250 ng/mL with a sensitivity of 0.900 and a speci-

Medicine � Volume 94, Number 42, October 2015 Urinary Cyclophilin A for Diabetic Nephropathy

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
classifications of DN correlated significantly with urinary
CypA. When comparing different stages of DN or CKD, there
was only a trend of higher CypA in higher CKD stages, but truly
statistically significant difference existed among the different
DN stages. This finding supports the notion that urinary CyA is
better correlated using the albuminuria-based classification,
which is the better and earlier detection method for monitoring
DN compared with the GFR-based system in clinical practice.
Although the albuminuria-based system is better than GFR, it is
far from ideal for a number of reasons. First, increased albu-
minuria is actually a relatively late manifestation of early-stage
DN, so it is not sensitive enough to detect early stages of DN.
Second, only one-third of patients with microalbuminuria pre-

ficity of 0.727. The area under the ROC curve was 0.850.
CypA¼ cyclophilin A, DN¼diabetic nephropathy, ROC¼ receiver
receiver operating characteristic.
sent with persistent macroalbuminuria according to 1 cohort
study,36 indicating a poor predictive power for outcome of DN.
Third, some patients have renal pathological changes without

FIGURE 2. Concentrations of urinary CypA in different stages of
DN. (A) Concentration of urinary CypA and ACR were plotted.
When ACR increased by 1 mg/g, the concentration of urinary
CypA increased 0.030 ng/mL (CypA¼2.461þACR

�
0.001). R2

linear was 0.054. (B) No difference in concentration of urinary
CypA was found between stage 1 DN and healthy control groups
(P¼0.117). However, there were statistically significant differ-
ences between stages 1 and 2, stages 2 and 3, stages 3 and 4, and
stages 4 and 5 DN (P¼0.012, 0.003, <0.001, and 0.005,
respectively). (C) The differences between stage 1 DN and stages
2 to 5 DN were statistically significant (P¼0.006).

�
P<0.05,��

P<0.01,
���

P<0.001. ACR¼ albumin creatinine ratio,
CypA¼ cyclophilin A, DN¼diabetic nephropathy.

www.md-journal.com | 7



FIGURE 4. Western blotting of sCypA expression in MES-13 cells treated with different concentrations of glucose and H2O2. (A) Glucose
increased the expression of sCypA, which was dose-dependent (10, 25, and 50 mM). (B) Statistical analysis showed that the increased
expression of sCypA was found at 25 mM versus control (P¼0.037), and 50 mM versus control (P¼0.037). Increased expression of sCypA
was observed at 50 versus 10 mM (P¼0.018). (C) The expression of sCypA was increased in cells with 20 or 40 mM H2O2 treatments. They
could both be counteracted by 300 U/mL catalase. (D) Quantitative assessment showed that 20 mM H2O2 increased the expression of

ala
300
pA
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microalbuminuria.37 Finally, albuminuria is not specific enough
for DN because it can be detected in other non-DM related
nephropathy, such as retinopathy and congestive heart failure.38

Therefore, urinary CypA could have enormous value as an
earlier marker than albuminuria for identifying DN.

In this well-matched cohort of DN patients, urinary CypA
correlated well to the different severity of DN according to the
albuminuria-based classification. Compared with the control
group, urinary CypA indeed increased significantly in stage 2
DN and this increase persisted throughout the later stages. The
increment was more significant with worsening DN stage. In
stage 1 DN, kidneys become dilated and glomerular capillary
hydrostatic pressure increased in DN.39 There was a hemody-
namic change without any ultrastructure abnormality. Stage 2
DN is a silent stage but, to date, no useful markers for detection
have been identified. No microalbuminuria can be measured in
clinical practice. However, hyperglycemic effects are initiated
in this stage. The glomerular basement membrane becomes
thicker, followed by an increase in mesangial volume, and
interstitial expansion.24 The above structural changes do not

sCypA (P<0.05) (n¼6), which could be reversed by 300 U/mL cat
40 mM H2O2 (P<0.01) (n¼6), which could be counteracted by
Endo-CypA¼ endogenous cyclophilin A, MES-13¼mesangial, sCy
become significant until stage 3 DN. If stage 2 DN could be
detected early, intensive blood sugar monitoring, timely diet
restriction, and exercise education would be useful to avoid

8 | www.md-journal.com
further silent deterioration of DN. In this study, we propose that
urinary CypA can be used as an early marker for identifying
stage 2 DN with a high sensitivity (90%) and high diagnostic
power (AUC¼ 0.885). Detection of urinary CypA is also very
convenient because it is noninvasive. Now that urinary CypA
appears to be capable of identifying DN in the silent stage,
perhaps the term ‘‘silent’’ can be considered redundant. In an
extensive review conducted by Lee et al,40 urinary CypA was
not mentioned as a potential biomarker for DN. This is the first
study to use urinary CypA in early DN detection. CypA was
mostly studied in CVD and lung or liver injury.18 Asthma and
RA are associated with this new marker.16 According to an
extensive review of CypA in human disease,20 its association
with DM was only mentioned once by Ramachandran et al.22

They examined proteomic profiling of high glucose primed
monocytes and found that CypA could be a potential secretory
marker of inflammation in type 2 DM.21 The present investi-
gation is the 3rd study to identify a correlation between CypA
and DM. Furthermore, this is the 1st study to verify the
association between urinary CypA and DN with strong statisti-

se (P<0.01) (n¼6). The sCypA expression was also stimulated by
U/mL catalase (P<0.01) (n¼6). (n¼4)

�
P<0.05,

��
P<0.01.

¼ secreted cyclophilin A.
cal significance in this well-designed human cohort.
It has been noted that urinary podocalyxin41 and podoca-

lyxin-positive element,42 which increases after podocyte injury,

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 5. Western blotting of sCypA expression in HK-2 cells treated with different concentrations of glucose and H2O2. (A) HK-2 cells
were treated with different concentrations (10, 25, and 50 mM) of glucose. All concentrations of glucose increased the expression of

r 40
rete
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could be useful as new biomarkers for early DN. However,
podocalyxin also increases in other diseases with podocyte
injury,41 including IgA nephropathy, focal segmental glomer-
ulosclerosis, membranous nephropathy, and lupus nephritis,
indicating that urinary podocalyxin is not specific to DN. In
addition, urinary podocalyxin level or podocalyxin-positive
element was not reported for early detection of stage 2 DN.
Moreover, another biomarker, urinary L-FABP, expressed in
the proximal tubules of the human kidney, was recently found to
be associated with DN.43 L-FABP increased in a stepwise
manner with progression of DN.7 In a study of type 1 DM,44

urinary L-FABP was an independent predictor of progression of
DN irrespective of disease stage. The AUC to predict the
progression to stage 3 DN by measuring both urinary L-FABP
and urinary albumin was up to 0.786. In another study of type 2
DM,45 when the urinary L-FABP level was more than 8.4 mg/g
creatinine, clinicians could predict the progression of DN to
stage 3 DN with a sensitivity of 0.700 and specificity of 0.781.
Compared to L-FABP as a marker for predicting stage 3 DN,
urinary CypA is the first marker to be proposed for predicting
progression to stage 2 DN with a much higher sensitivity (0.900
vs 0.700) and larger AUC (0.850 vs 0.786). In a recent extensive
review of urinary biomarkers for early DN beyond albumi-
nuria,40 it was found that all of the studied biomarkers were
limited to predicting microalbuminuria (stage 3 DN). Therefore,
our data demonstrate that urinary CypA may have value as a
novel biomarker for predicting DN as early as stage 2.

In kidneys, CypA is mostly distributed in tubules, followed
by glomeruli.17 Therefore, it is reasonable to hypothesize that
urinary CypA could be secreted by tubular cells or mesangial
cells. Because mesangial matrix expansion is a typical patho-
logical finding of DN30 and a high glucose state evokes an
intrinsic proapoptotic signaling pathway in mesangial cells,32

we first studied the expression of sCypA from mesangial cells.
As shown in Figure 4, there was a significant release of CypA
following glucose or free radical treatment. Even though DN
has been traditionally considered as a glomerular disease,
increasing evidence has shown that renal dysfunction correlates
earlier and in association with the degree of tubular injury.46 A
novel mechanism for albuminuria from PTEC revealed that
tubular epithelial cell injury occurs relatively earlier than
glomerular injury. There are many chemokines released from
PTEC which stimulate certain physiological signals and whose
effects culminate in progressive tubular injury, interstitial

sCypA. (B) The expression of sCypA was increased in cells with 20 o
mL catalase. Endo-CypA¼ endogenous cyclophilin A, sCypA¼ sec
inflammation, and fibrosis in DN.47 Therefore, we next
examined whether CypA can also be secreted by tubular
epithelial cells as well. In Figure 5, after treatment of HK-2

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
cells with various concentrations of glucose or free radicals,
sCypA was clearly increased in the conditioned medium. In the
cell study using MES-13 and HK-2 cells, our results demon-
strated that CypA was secreted after glucose or free radical
stimulation, indicating that CypA could be secreted by either
mesangial cell or PTEC into urine in early DN. Our results are
consistent with those of previous studies that showed earlier
renal dysfunction was associated with tubular change46,47 and
the later but typical change was related to mesangial cell
dysfunction in the glomerulus.31,32 Therefore, sCypA could
be considered as both tubular and mesangial cell injury markers
in DN.

In summary, we have demonstrated in this well-designed
study of DN patients that urinary CypA is a good biomarker for
early DN. Even though we cannot exclude the possibility that
urinary CypA is released by renal cell lysis, our results from
cellular models indicate it is very likely that CypA is secreted
from either mesangial or PTEC in early DN. In addition to its
role as a novel biomarker of early DN, sCypA may also play a
pathological role in the development of DN and may be
involved in the interplay between the tubulointerstitial and
glomerular compartments. The underlying molecular mechan-
isms need to be elucidated in further cellular and animal studies.
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