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cholesterol, and ApoB are associated with albuminuria [6].
ApoB is thought to be related to cardiovascular events in
some studies [7, 8]. In this way, the studies revealed the
relationships  between lipid profiles and diabetic
nephropathy.

Cardiovascular events are also important complications
in diabetic patients [9]. A meta-analysis reported the rela-
tionship between dyslipidemia and cardiovascular risk
[10]; however, risks for diabetic patients are not well
known.

Dyslipidemia and loss of renal function

The ‘lipid nephrotoxicity’ hypothesis was advocated by
Moorhead et al. in 1982 as a description of the effect of
dyslipidemia on renal dysfunction [11]. Under this hypoth-
esis, mesangial proliferation caused by accumulation of
lipoprotein into mesangial cells induces glomerulosclerosis.
This theory has been updated recently including the concept
of inflammation stress modifying lipid homeostasis and tis-
sue lipid accumulation [12]. With regard to diabetes and
lipids, Hartroft [13] discovered in 1954 that intraluminal fat
was found in both preglomerular and postglomerular vessels
of diabetics patients with Kimmelstiel-Wilson lesions. In
addition to this study, a lot of basic research has discovered
the mechanisms between dyslipidemia and diabetic
nephropathy [14]. Studies revealed that transforming growth
factor- signaling [15], renin-angiotensin system [16],
ST00A8/TLR4 signaling [17], and oxidative stress [18] may
play an important role in the progression of diabetic nephr-
opathies. Concerning the development of albuminuria, the
importance of the deterioration of glycocalyx, which is on
the surface of endothelium, was highlighted [19]. These
factors orchestrated each other, thereby perpetuating the
progression of diabetic nephropathy. Further studies will be
required for a better understanding of diabetic nephropathy.

Some epidemiological studies of general cohorts have
elucidated the relationships between dyslipidemia and loss
of renal function. The Framingham Offspring Study which
consists of 1,916 general population subjects with a follow-
up of 9.5 years, revealed that low high-density lipoprotein
(HDL) cholesterol levels are one of the risk factors for
incident albuminuria [20]. An analysis of 1,440 general
Japanese cohorts that participated in the Hisayama study
revealed that metabolic syndrome defined as the presence
of components including high triglyceride levels and low
HDL cholesterol levels are associated with a risk of
developing chronic kidney disease (CKD) [21]. A study of
4,483 healthy males revealed that dyslipidemia including
high total cholesterol levels, high non-HDL cholesterol
levels, and low HDL cholesterol levels are associated with
a risk of renal dysfunction [22].
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According to these facts, dyslipidemia may be one of the
potential risk factors for loss of renal functions in a healthy
subject.

Relationships between dyslipidemia and progression
or regression of diabetic nephropathy

The stages in diabetic renal disease were reported by
Mogensen et al. [23] in 1983. According to their theory,
elevated urinary albumin excretion and following persis-
tent proteinuria are important manifestations of diabetic
nephropathy, and many studies defined them as surrogate
markers for end-stage renal disease.

. Some cohort studies of diabetic patients have proven the
risk factors associated with the progression or regression of
the staging. Regarding the development of micro- and
macroalbuminuria, a cohort study of 27,805 patients with
type 1 diabetes followed up for 2.5 years revealed that,
besides diabetes duration and glycosylated hemoglobin,
dyslipidemia is a risk factor for developing albuminuria
[24]. A cohort study of 574 patients with type 2 diabetes
followed up for 7.8 years also revealed that, as well as high
mean blood pressure and hyperglycemia, high plasma
cholesterol levels are the main risk factors for development
of dyslipidemia [25]. In this study, the participants with a
combination of these three risk factors are a high-risk
group for progression to diabetic nephropathy.

Associations between reduction of urinary albumin and
dyslipidemia were reported in a cohort study of 386
patients with type 1 diabetes [26]. In this study, along with
low levels of glycosylated hemoglobin and low systolic
blood pressure, low levels of both cholesterol and triglyc-
erides were independently associated with regression of
microalbuminuria. Moreover, these factors had additive
effects on regression of microalbuminuria.

A small number of studies reported an association
between dyslipidemia and loss of renal functions.
Regarding the rate of decline in glomerular filtration rate
(GFR), a prospective study of 30 patients with type 1
diabetes revealed that high serum cholesterol, triglycerides
and apolipoprotein B were correlated to a rapid decline in
glomerular filtration rate [27].

As described above, evidence has been accumulated to
suggest that dyslipidemia is one of the risk factors for
progression and regression of diabetic nephropathy. How-
ever, as far as we knew, there have been few studies
reporting the association with end-stage renal disease, or
renal replacement therapy. A report of a scientific work-
shop sponsored by the National Kidney Foundation (NKF)
and the US Food and Drug Administration (FDA) indicated
that evidence was insufficient to use a change of albu-
minuria as a surrogate marker as a clinical endpoint [28].
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Long-term follow-up studies are needed to demonstrate the
causal relationships between dyslipidemia and end-stage
renal disease from diabetic nephropathy.

Treatment of dyslipidemia and diabetic nephropathy

With regard to the treatment of dyslipidemia in patients with
diabetes, there were some interventional trials of anti-
hypercholesterolemic agents including fibrates and statins.

The Diabetes Atherosclerosis Intervention Study (DAIS)
is a randomized study that assessed the effect of fenofibrate
on type 2 diabetic patients [29]. In this study, fenofibrate
reduced the worsening of urine albumin excretion and the
effects were mainly observed in the progression from nor-
moalbuminuria to microalbuminuria. The Fenofibrate
Intervention and Event Lowering in Diabetes (FIELD) study
also evaluated the effect of fenofibrate on type 2 diabetes
[30]. From this study, it was proved that fenofibrate is
effective in lowering the decline of the estimated glomerular
filtration rate (eGFR) and reducing the progression of albu-
minuria. Additionally in this study, patients treated with fe-
nofibrate had higher rates of regression of albuminuria than
the placebo group. This evidence suggests that fenofibrate is
effective in ameliorating diabetic nephropathy. In a meta-
analysis of these two studies, the significant effect on the
regression from microalbuminuria to normoalbuminuria was
proved; however, progression from microalbuminuria to
macroalbuminuria was not significant [31].

The effect of statins on diabetic nephropathy was exam-
ined in the Collaborative Atorvastatin Diabetes Study
(CARDS) [32]. Treatment with atorvastatin was compared
with a placebo in this study, and was associated with an
improvement in annual changes in. eGFR (0.18 mL/min/
1.73 m*/year). It is noteworthy that atorvastatin ameliorated
eGFR without improving albuminuria, when comparing
angiotensin-converting enzyme inhibitors which have ren-
oprotective effects and prevent the onset of albuminuria [33].

There is still a lot of uncertainty about the effect of
statins. The effect on renal protection was not demonstrated
in the Study of Heart and Renal Protection (SHARP) which
included 2,094 (33 %) patients with diabetes [34], and the
Antihypertensive and Lipid-Lowering Treatment to Pre-
vent Heart Attack Trial (ALLHAT) which included 3,638
(36 %) patients with diabetes [35]. A meta-analysis also
showed that regression of albuminuria [31] and changes in
eGFR [36] were not observed in patients with diabetes
treated with statins.

There seems to be no definite answer for treatment of
dyslipidemia in diabetic patients from the viewpoint of
anti-hyperlipidemic agents. One of the supposed causes of
inconsistency in results is that kidney diseases in patients
with diabetes may not be uniform, but consist of many

renal diseases [37]. In some cases, renal biopsies might be
needed to assess the accurate risks [38].

Diabetic patients are at higher risk for cardiovascular
mortality compared with non-diabetic patients [10, 39].
There is sufficient evidence, such as SHARP [34], to show
that statins reduce the risk of cardiovascular events. Con-
sidering these facts, many diabetic patients might benefit
from statin treatment. An increasing number of patients are
now receiving this treatment. In the analysis of the
National Health and Nutrition Examination Survey
(NHANES) 2005-2006, 93.5 % of diabetic men aged
65-69 without cardiovascular disease received statins [40].

On the other hand, administration of statin may have
adverse side-effects, including myopathy [41], renal tox-
icity [42], and incident diabetes [43]. A study comparing
the risks and benefits of statins concluded that cardiovas-
cular benefits outweigh the increased risk of new-onset
diabetes [44]. It is beyond doubt that each patient’s risk
must be taken into account before administration of statins.

It is also important to consider changes in life-style;
however, the difficulty lies in improving renal and car-
diovascular events through life-style changes [45]. It
remains a challenge for future research to examine the
impact of life-style changes.

Concluding remarks and future directions

In considering the complexity of the problem of diabetic
nephropathy, many aspects of a patient’s condition and
treatment should be taken into account. Further insight into
the pathogenesis of dyslipidemia, and the risk and benefits
of each treatment may be beneficial for each patient.
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Predictive Effects of Urinary Liver-Type
Fatly Acid-Binding Protein for
Deteriorating Renal Function and
Incidence of Cardiovascular Disease in
Type 2 Diabetic Patients Without
Advanced Nephropathy
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OBJIECTIVE—To improve prognosis, it is important to predict the incidence of renal failure
and cardiovascular disease in type 2 diabetic patients before the progression to advanced ne-
phropathy. We investigated the predictive effects of urinary liver-type fatty acid-binding protein
(L-FABP), which is associated with renal tubulointerstitial damage, in renal and cardiovascular
prognosis.

RESEARCH DESIGN AND METHODS—japanese type 2 diabetic patients (n = 618) with
serum creatinine =1.0 mg/dL and without overt proteinuria were enrolled between 1996 and
2000 and followed up until 2011. Baseline urinary L-FABP was measured with an enzyme-linked
immunosorbent assay. The primary end points were renal and cardiovascular composites (he-
modialysis, myocardial infarction, angina pectoris, stroke, cerebral hemorrhage, and peripheral
vascular disease). The secondary renal outcomes were the incidence ofa50% dechne in estimated
glomerular filtration rate (eGFR), progression to an eGFR <30 mI/min/1.73 m?, and the annual
decline rate in eGFR.

RESULTS—During a 12-year median follow-up, 103 primary end points occurred. The in-
cidence rate of the primary end point increased in a stepwise manner with increases in urinary
L-FABP. In Cox proportional hazards analysis, the adjusted hazard ratio in patients with the highest
tertile of urinary L-FBAP was 1.93 (95% CI 1.13-3.29). This relationship was observed even when
analyzed separately in normoalbuminuria and microalbuminuria. Patients with the highest tertile of
urinary L-FABP also demonstrated a higher incidence of the secondary renal outcomes.

CONCLUSIONS—Our results indicate that urinary L-FABP may be a predictive marker for
renal and cardiovascular prognosis in type 2 diabetic patients without advanced nephropathy.

Diabetes Care 36:1248-1253, 2013

both of which are life-threatening com-
plications (1). To improve prognosis in
diabetic patients, it is clinically important
to identify patients at high risk for these

high risk for the progression to end-
stage renal disease (ESRD) and in-
cidence of cardiovascular disease (CVD),

P atients with type 2 diabetes are at a
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disorders as early as possible and to initi-
ate disease management in a timely and
appropriate manner.

ESRD and CVD share a number of
clinical features and risk factors that are
important therapeutic targets. Microalbu-
minuria is well known to be a common risk
factor of ESRD and CVD, and a reduction
of urinary albumin excretion (UAE) via any
intervention results in a reduced future
incidence of these disorders (2,3). How-
ever, many patients still develop ESRD
and CVD despite improvements in their
outcome resulting from recent aggressive
multifactorial management (4-6). Thus,
we need to explore new predictive markers
for these disorders that are independent of
UAE.

Renal dysfunction, also referred to as
chronic kidney disease (CKD), is also an
important predictive factor for ESRD and
CVD that is independent of increases in
UAE (7,8). There is a growing body of
evidence suggesting that tubulointersti-
tial damage, as well as glomerular dam-
age, contributes to a decline in renal
function (9). Thus, measuring factors
that relate to the risk of renal tubulointer-
stitial damage may be potentially useful
for identifying patients at higher risk for
ESRD and CVD.

Liver-type fatty acid-binding protein
(L-FABP), an intracellular carrier protein
of free fatty acids, is expressed in the liver
and kidney. In the kidney, the expression
of L-FABP is predominantly located in the
proximal tubules. The high levels of uri-
nary L-FABP were previously suggested to
be associated with renal tubulointerstitial
damage because excessive reabsorption
of free fatty acids into the proximal tu-
bules induces tubulointerstitial damage
(10-12). Based on these findings, we con-
ducted a long-term observational study
to investigate whether urinary levels of
L-FABP were predictive for the progression
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of renal dysfunction and incidence of CVD
in patients with type 2 diabetes without
advanced nephropathy.

RESEARCH DESIGN AND
METHODS

Subject recruitment

Japanese patients with type 2 diabetes
were recruited from participants that
were registered in the Shiga Prospective
Observational Follow-up Study between
1996 and 2000 (13). Patients with cancer,
recent occurrences of CVD within the
past year, infectious disease, collagen dis-
ease, and nondiabetic kidney disease, as
confirmed by a renal biopsy, were ex-
cluded from the study. After obtaining
written informed consent, each individ-
ual provided a 24-h urine sample and
fasting blood sample at baseline. The se-
rum and urine samples were kept at
—80°C if they were not analyzed imme-
diately. In this study, patients with nor-
moalbuminuria/microalbuminuria and
serum creatinine (Cr) =1.0 mg/dL were
eligible. Based on the UAE rate (UAER) at
baseline, patients were classified as having
normoalbuminuria (UAER <20 pg/min),
microalbuminuria (20= UAER <200 p.g/
min), or overt proteinuria (UAER =200
pg/min). Serum concentrations of Cr
were measured via an enzymatic method.
Finally, 618 patients with normoalbumi-
nuria (n = 422) and microalbuminuria
(n = 196) were enrolled and followed up
until the end of 2011 or the first occur-
rence of any renal and cardiovascular
composite end points. The participants
annually underwent standardized clinical
examinations and biochemical tests dur-
ing the follow-up period. HbA,. levels
were presented as National Glycohemo-
globin Standardization Program values,
according to the recommendations of
the Japanese Diabetes Society (14). The
study protocol and informed consent
procedure were approved by the Ethics
Committee of Shiga University of Medical
Science.

Measurement of urinary L-FABP

Urinary concentrations of L-FABP were
measured using a two-step sandwich
enzyme-linked immunosorbent assay
(15), and all stored samples obtained at
baseline were simultaneously measured
in 2002. In this study, the baseline levels
of urinary L-FABP in each individual were
obtained from one urine sample, as de-
scribed above. The sensitivity of this assay
was >3.0 ug/L. Both of the intra- and

interassay coefficients of variation were
<<10%, respectively. Urinary concentra-
tions of Cr were also measured via an en-
zymatic method. Urinary excretion levels
of L-FABP were expressed as micrograms
per gram of Cr.

Follow-up evaluation

The primary end point was the first
occurrence of any of the renal and car-
diovascular composites, which were as
follows: initiation of chronic hemodial-
ysis and the occurrence of myocardial
infarction, angina pectoris, stroke, cere-
bral hemorrhage, peripheral vascular
disease (PAD), and death from cardiovas-
cular causes. Myocardial infarction was
defined as a clinical presentation charac-
terized by typical symptoms, electrocar-
diographic changes associated with an
elevation of cardiac biomarkers, and an-
giographic evidence of coronary throm-
bosis. Angina pectoris was defined as the
presence of responsible lesions detected
by imaging studies with a history of
typical chest pain or electrocardiographic
changes and invasive cardiovascular in-
terventions. Stroke, including ischemic
stroke and cerebral hemorrhage, was de-
fined as a persistent focal neurologic
symptom in which the onset was sudden
and was not due to trauma or a tumor
and where the responsible lesion was
detected by imaging studies. PAD was
defined as revascularization with typical
symptoms such as cold feet or intermit-
tent claudication. At the annual physical
examination of this cohort, we directly
examined patients and checked their
medical records to identify the onset of
primary end points. In a fatal case, the
medical record was reviewed by physi-
cians to identify the cause of death. If the
cause of death was unclear, it was not
counted as a death from cardiovascular
cause.

In evaluating the secondary out-
comes, we separately assessed CVD
events and renal secondary outcomes. In
regards to secondary renal outcomes, we
assessed two categorical outcomes: a 50%
decline in the estimated glomerular filtra-
tion rate (eGFR) from baseline and the
progression to stage 4 CKD (eGFR <30
ml/min/1.73 m*) and one outcome as a
continuous variable, the annual rate of de-
cline in eGFR over the study period. eGFR
was calculated using the simplified predic-
tion equation proposed by the Japanese So-
ciety of Nephrology (16): eGFR (mL/min/
1.73 m?) = 194 X [ag%e Xears)]"o'zm X
[serum Cr (mg/dL)]™ 09% % 0.739 (for

Araki and Associates

female). At baseline, all participants had
an eGFR >60 mL/min/1.73 m”. In the
analysis of the annual rate of decline in
eGFR, only patients that were observed
over 3 years were used in the estimation
of the rate of decline in eGFR. The annual
rate of decline in eGFR over the course of
the study was determined from the slope of
each individual from the linear regression
analysis and expressed in mL/min/1.73 m%/
year.

Statistical analysis

Data are expressed as mean * SD or me-
dian (interquartile range [IQR]), where
appropriate. Patients were divided into
tertiles according to the urinary levels of
L-FABP at baseline. Statistical significance
of the differences among the three sub-
groups was determined via a x> test for
categorical variables, and an ANOVA fol-
lowed by the Tukey-Kramer test for nor-
mally distributed variables or the
Kruskal-Wallis test for nonnormally dis-
tributed continuous variables. The inci-
dence rate per 1,000 person-years for
each outcome was calculated. The cumu-
lative incidence was estimated by using
the Kaplan-Meier method and compared
with the log-rank test. The follow-up time
was censored if any primary end point
occurred or if the patient was unavailable
for follow-up. The adjusted hazard ratio
(HR) for each outcome was evaluated by
using a Cox proportional hazards regres-
sion model. In this analysis, the known
cardiovascular risk factors were age, sex,
BMI, HbA,,, total cholesterol, triglycer-
ides, HDL cholesterol, hypertension, use
of renin-angiotensin system (RAS) in-
hibitors, systolic and diastolic blood
pressure, past history of CVD, stage of ne-
phropathy (or log UAER for log urinary
L-FABP), and eGFR at baseline. The dif-
ference of the annual decline rate in
eGFR after controlling for the effect of
systolic BP and log albumin excretion
rate (AER) was assessed with the ANCOVA
model. All analyses were performed with
the SPSS software package (version 11;
SPSS Inc., Chicago, IL). A two-sided
Pvalue <0.05 was considered statistically
significant.

RESULTS —The baseline characteristics
of the 618 patients and three subgroups
stratified by urinary levels of L-FABP at
baseline are presented in Table 1. Age,
duration of diabetes, HbA,, total choles-
terol, systolic BP, hypertension, use of
RAS inhibitors, urinary AER, microalbu-
minuria, urinary @,-microglobulin, and
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Table 1—Baseline clinical characteristics of all patients with type 2 diabetes and the three subgroups stratified according to the levels of

urinary L-FABP

Urinary L-FABP (ng/g Cr)

Variable All =5.0 5.0-9.5 >9.5 P value®
S8 . NS
) 62+ 10 _....=<oo0l
234+331‘; L NS
Diet/OHA/insulin (%) 17/50/33 - ,,,<o 01
HbA, (%) ; raxl0 r7xl2 <001
Total cholesterol (mg/dL) - 220 + 34 . 0934 oD w3g 2001
HDL cholesterol (mg/dL) - 57 (47-67) ; 54 (46-67) 55 (‘}7—_64) o NS
Tnglycendes (mg/dL_, 98 (71= 148){,;"1 . 96(69-141) 9863143 . NS
Systolic BP (mmHg) 127x14 132 + 14 134 =13 <0.01
Diastolic BP (mmH 76t9 . 7ixg g6l NS
Hypertensmn (%) ) ‘ 40.7, , 45.1 ; 54,.9 - <0.05
] oy 02 l9g. . <005
By 8.2 , ; , 146 <005
- 8615 D (7—28) . 16(9-43) . <001
, 189 32, o 43.7 . =ool
8+ ils  mpaas . - woEiy 0 o g7 ele NS
93 (69 136) 122 (82-183) 175 (106—369) <0.01
- (23-43) 7206084 142014206 = <001

Data are expressed as mean = SD for normally distributed continuous variables or median (IQR) for skewed continuous variables unless otherwise indicated.
OHA, oral hypoglycemic agent. *Differences between the three subgroups were compared with a x” test for categorical variables and ANOVA for continuous

variables.

past history of CVD were significantly
different between the three subgroups.
Additionally, urinary levels of L-FABP in
patients with microalbuminuria were
higher than in those with normoalbumi-
nuria (9.1 pg/g Cr [IQR 5.9-15.8 pg/g
Cr] vs. 6.1 pg/g Cr [3.7-9.9 ng/g Crl;
P < 0.01, Mann-Whitney U test).

Incidence rates of the primary end
point

During a 12-year (IQR 6-15 years) me-
dian follow-up, the primary end points
occurred in 103 patients (i.e., 7 patients
presented with chronic hemodialysis, 25
with myocardial infarction, 35 with an-
gina pectoris, 24 with stroke, 5 with cere-
bral hemorrhage, and 7 with PAD). The
incidence rate per 1,000 person-years of
the primary end point was 16.5 in all par-
ticipants, and increased in a stepwise
fashion with increasing urinary levels of
L-FABP (i.e., 9.5 in the lowest tertile of
urinary L-FABP, 15.5 in the middle ter-
tile, and 25.4 in the highest tertile) (Table
2). As shown in Fig. 1, the cumulative
incidences of the primary end point
were significantly different among the
three subgroups (P < 0.0001, log-rank
test). The risk for the primary end point
was evaluated by using the Cox proportional

hazards model (Table 2). When adjusted
for known cardiovascular risk factors, the
HR in the highest tertile of urinary L-FABP
was 1.93 (95% CI 1.13-3.29). Using log
urinary L-FABP as a continuous variable,
instead of the tertiles of urinary L-FABP,
the HR of log urinary L-FABP for primary
end points was 2.16 (95% CI 1.23-3.79)
after adjusting for age, sex, log UAER, and
eGFR at baseline, and 1.79 (1.06-3.01)
after adjusting for known cardiovascular
risk factors.

Effects of urinary L-FABP on
secondary renal outcomes

The incidence rates per 1,000 person-
years for a 50% decline in eGFR from
baseline in the three subgroups were 4.8
in the lowest tertile, 6.0 in the middle
tertile, and 18.3 in the highest tertile.
Also, the incidence rates for the progres-
sion to stage 4 CKD (eGFR <30 mL/min/
1.73m?%) were 1.8 in the lowest tertile, 2.4
in the middle tertile, and 11.1 in the high-
est tertile. The adjusted HRs for these sec-
ondary renal outcomes were significantly
higher in the highest tertile (Table 2). The
annual rate of decline in eGFR (mL/min/
1.73 m*/year) was —1.31 (95% CI —0.46
to —2.33) in the lowest tertile, —1.65
(—1.02 to —2.25) in the middle tertile,

and —1.80 (—1.05to0 —3.21) in the high-
est tertile (P = 0.002, Kruskal-Wallis test),
and there was a significant effect of uri-
nary L-FABP on the annual decline rate in
eGFRafter controlling for the effect of sys-
tolic BP and log AER (F = 3.54, P = 0.03,
ANCOVA). In addition, patients in the
highest tertile of urinary L-FABP showed
the highest incidence of a 50% decline in
eGFR, which was associated with the
highest incidence of CVD. The cumula-
tive incidence of CVD was significantly
higher in patients with a 50% decrease
in eGFR than those without it (P =
0.034, log-rank test).

Risk of urinary L-FABP according to
the stage of diabetic nephropathy

We finally investigated the incidence rates
and HRs for the primary end point in the
subgroups stratified according to the lev-
els of urinary L-FABP and the stages of
diabetic nephropathy at baseline. As
shown in Table 3, the incidence rates
and HRs adjusted from known cardiovas-
cular risk factors increased with increas-
ing stages of nephropathy and urinary
L-FABP levels. Interestingly, the adjusted
HR of the subgroups, categorized accord-
ing to the highest tertile of urinary
L-FABP, was significantly higher even in
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Table 2—Incidence rates and HRs for primary end point and secondary outcomes of patient subgroups stratified according to the

levels of urinary L-FABP

n

(1,000 person-years)

Incidence rate

Adjusted HR (95% CD?

Model 1

Model 2 Model 3

Primary end point (hemodlalygs and CVD)
~ Lowest temle 51
Middle tertile .
 Highestterule .~
Secondary end pomts
- CVD events o
Lowest temle
~ Middle tertile
nghest tertile
 50% decline in eGFR
Lowest tertile
_ Middle tertile
, nghest temle 32
Progressmn to stage
Lowest tertile
- Middle tertil 5
Highest tertile 21

1 (reference) ’
5,(0 99-3. 09)]

k 1 (reference)

48

183, ,387(189 791) ;
1 8 " , ‘ . \ 1 (reference)
4 o704 A
11.1 5.92 (2.02— 17,37)

N 226(131 388)

1 (reference)
| 164(0.93-2.88)
193113329

118030457
3.53 (1. 15—10 88)

s 05’“(1 68-1521)

*Adjusted HRs were calculated via the Cox proportional hazards model. Model 1, adjusted for age and sex; model 2, adjusted for age, sex, stage of nephropathy, and
eGFR; model 3, adjusted for age, sex, BMI, HbA, total cholesterol, log mglycendes log HDL cholesterol, hypertensmn use of RAS inhibitors, systolic and diastolic
blood pressure, past history of CVD, stage of nephropathy, and eGFR. "Stage 4 CKD denotes eGFR <30 mL/min/1.73 m?

patients with normoalbuminuria. The ef-
fects of diabetic nephropathy and three
categories of urinary L-FABP levels were
independent of each other (P = 0.34 for
interaction).

CONCLUSIONS —The present long-
term observational study on type 2
diabetic patients without advanced ne-
phropathy revealed that higher urinary
levels of L-FABP were associated with
deteriorating renal function and a higher

0.5
04 P<0.001
0.3
0.2

0.1

Cumulative incidence (%)

0

0 20 40 60 80 100 120 140 160 180 200
Follow-up period (month)

Figure 1—Kaplan-Meier curves for cumula-
tive incidences of primary end points of the
three groups stratified by urinary L-FABP.
Solid line, highest tertile group (n =206, =5.0
nglg Cr); short-dashed line, middle tertile
group (n =206, 5.0-9.5 ug/g Cr); long-dashed
line, lowest tertile group (n = 206, >9.5 ug/g
Cr). Differences between groups were com-
pared by a log-rank test.

incidence rate of CVD. These associations
were observed in those with normoalbu-
minuria as well as those with micro-
albuminuria, when separately analyzed
according to the stages of diabetic ne-
phropathy. Thus, these findings sug-
gest that urinary L-FABP can be used as
a biomarker for predicting future renal
dysfunction and incidence of CVD in
type 2 diabetic patients with an early
stage of nephropathy, in addition to
albuminuria.

Renal dysfunction is reported to cor-
relate with the degree of tubulointerstitial
damage (9). Although albuminuria per se
reflects glomerular damage and subse-
quently induces renal tubulointerstitial
damage, other factors and mechanisms,
independent of albuminuria, must be in-
volved in the development of tubulointer-
stitial damage under diabetic conditions.
In fact, a recent study reported on cases
where renal function rapidly declined
without an increase in UAE (17). Urinary
levels of L-FABP have been reported to be
associated with the histological severity of
renal tubulointerstitial lesions in human
(15) and animal studies (18,19). Our
study also found that urinary L-FABP cor-
related with urinary B,-microglobulin, a
marker of renal tubulointerstitial injury.
Taken together, these findings suggest
that urinary L-FABP may reflect tubuloin-
terstitial damage and, therefore, predict

the progression of deteriorating renal
function. Furthermore, these results sug-
gest the importance of tubulointerstitial
damage in the development of renal dys-
function under diabetic conditions.

In the current study, we focused on
the predictive effects of urinary 1-FABP
for deteriorating renal function and the
onset of CVD in type 2 diabetic patients
with early stages of nephropathy. Pre-
viously, there have been several clinical
studies investigating the association be-
tween urinary L-FABP levels and the pro-
gression of diabetic nephropathy that
mainly focused on the progression of
nephropathy based on UAE. In a 4-year
prospective cohort study on 54 patients
with type 2 diabetes, Kamijo-Tkemori
et al. (20) reported that higher urinary
L-FABP levels were associated with the
progressmn of eGFR to <60 ml/min/
1.73 m? . Additionally, Nielsen et al. (21)
reported that higher urinary L-FABP lev-
els predicted all-cause mortality in 165
patients with type 1 diabetes and nor-
moalbuminuria, independent of UAE
and other established risk factors. Our
findings strengthen these previous results
and provide further evidence that urinary
L-FABP is a predictive biomarker for renal
dysfunction and the onset of CVD in di-
abetic patients.

However, Nielsen et al. (22) recently
reported that urinary L-FABP levels are
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Table 3—Incidence rates and adjusted HRs for primary end points in patient subgroups
stratified according to the levels of urinary L-FABP and stages of diabetic nephropathy

Urinary L-FABP

Lowest tertile

Middle tertile Highest tertile

Incidence rate
(1,000 person-years)
- Normoalbuminuri
~ Microalbuminuria
Adjusted HR
Normoalbuminuria

17.8

1 Geference) 14
8-4.38) 270 (126-581)

e

1226 (1.15-4.45)

149072300 226(115-445
| 2150108440)

“The HRs were adjusted for age, sex, BMI, HbA,,, total cholesterol, log triglycerides, log HDL cholesterol,
hypertension, use of RAS inhibitors, systolic and diastolic blood pressure, past history of CVD, and eGFR in

the Cox proportional hazards model.

not related to a rapid decline in GFRin a
3-year intervention study on 63 type 1
diabetic patients with overt proteinuria.
Massive albuminuria per se induces tubu-
lointerstitial damage and then leads to
renal dysfunction. Therefore, the effects
of urinary L-FABP on tubulointerstitial le-
sionsand decline in GFR may disappear
with an increase in albuminuria, such
as overt proteinuria. Further investiga-
tion is needed to clarify this argument.

CKD, even a mild decline in renal
function, is well acknowledged as an
important risk factor for cardiovascular
morbidity and mortality. A number of
diabetic patients with renal dysfunction
experience an onset of CVD before they
initiate chronic hemodialysis. Also, our
study demonstrated a higher incidence of
CVD in patients who showed a 50% de-
cline in eGFR during the follow-up than
those who did not show a 50% decline.

There are some limitations in this study
that must be addressed. In general practice,
we do not perform renal biopsies in diabetic
patients unless the complication of other
renal diseases is suspected. Thus, we could
not investigate the correlation between the
urinary L-FABP levels and renal lesions in
this study. Our study was designed as an
observational follow-up study, and not an
intervention trial. The treatment protocol
for patients in this cohort was not con-
trolled, and the influence of potential
cofounders during the observation period
was not analyzed. Furthermore, the time-
dependent changes of urinary L-FABP lev-
els during the follow-up period were not
assessed. Urinary L-FABP may be modified
by any intervention (23,24). Thus, a further
study is required to answer the important
question of whether the changes of urinary
L-FABP levels are associated with the prog-
nosis in diabetic patients.

In conclusion, the current study in-
dicated that the high levels of L-FABP in
urinary excretion were associated with
deteriorating renal function and the high
incidence of CVD in patients with type 2
diabetes. This association was markedly
observed even in patients with normoal-
buminuria. Thus, measurements of uri-
nary L-FABP, in addition to albuminuria,
may be clinically useful for the early
identification of diabetic patients without
advanced nephropathy and at a higher
risk for renal disease and CVD. In addi-
tion, these results suggest the importance
of tubulointerstitial damage in the devel-
opment of renal dysfunction and CVD
under diabetic conditions.
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Introduction

The most critical issue in clinical nephrology is relentless and
progressive increase in the patients with end-stage renal discase
(ESRD) in worldwide. The impact of diabetic nephropathy on the
increasing population with chronic kidney disease (CKD) and
ESRD is enormous. The intensified multifactorial intervention in
patients with type 2 diabetes mellitus resulted in reduced risk of
microangiopathy, cardiovascular events and mortality in Steno
type 2 randomized studies [1]; however, the incidence of ESRD is
progressively increasing in worldwide. To predict the progression
of diabetic nephropathy and cardiovascular outcome, the simul-
taneous evaluation of albuminuria and glomerular filtration rate
(GFR) is recommended by the KDIGO: Kidney Disease
Improving Global Outcomes CKD Work Group [2]. In The
Action in Diabetes and Vascular Disease: Preterax and Diami-
cron-MR Controlled Evaluation (ADVANCE) study, the mea-
surements of albuminuria, ¢GFR or their combination predicted

PLOS ONE | www.plosone.org

the cardiovascular events and death, and renal outcome [3]. In
addition to the albuminuria at baseline, the changes of albumin-
uria further well-predicted mortality and cardiovascular and renal
outcomes, independent of baseline albuminuria reported by
ONTARGET investigators [4]. Although the repeated measure-
ments of albuminuria is recommended in the clinical practice in
diabetes, the presence of GFR decliners in both type 1 and type 2
diabetes has been reported. In type 1 diabetes, the GFR decliners
with early reduction of GFR were reported in 9% of the patients
with normoalbuminuria and 31% of microalbuminuria [5]. In the
patients with type 2 diabetes, the rapid GFR decliners demon-
strated the reduction of GFR although they were treated with
olmesartan in addition to the angiotensin converting enzyme
inhibitors. In such patients, it was difficult to predict the natural
course of diabetic nephropathy by the combination of albuminuria
and eGIR [6].
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Table 1. A list of lectins of LecChip™Ver.1 and the specificity.

Lectin No. Lectin Origin Reported specificity

2 PSA Pisum sativum Fuc a1-6GlcNAc, o-D-Glc, a-D-Man

4 UEA-] Ulex europaeus Fuc o1-2GalB1-4GlcNAc

6 AAL Aleuria aurantia Fuc ¢1-6GlcNAc, Fuc a1-3(GalB1-4)GIcNAC

8 SNA Sambucus nigra Siax2-6Gal/GalNAc

10 TJA- Trichosanthes japonica Siac2-6Gal/GalNAc

12 ECA Erythrina cristagalli Galf1-4GIcNAc

14 PHAE Phaseolus vulgaris bi-antennary complex-type N-glycan with outer Gal and bisecting GIcNAc

16 GSL-I Griffonia simplicifolia agalactosylated tri/tetra antennary glycans, GlcNAc

18 ConA Canavalia ensiformis High-Mannose, Man a1-6(Mano1-3)Man

20 HHL Hippeastrum hybrid High-Mannose, Man a1-3Man, Man o1-6Man

22 TxLCI Tulipa gesneriana Man «1-3(Mana1-6)Man, bi- and tri-antennary complex-type N-glycan, GalNAc

24 TJA-IL Trichosanthes japonica Fuc a1-2GalB1-> or GalNAc B1-> groups at their nonreducing terminals

26 ABA Agaricus bisporus GalP1-3GalNAc

28 STL Solanum tuberosum GlcNAc oligomers, oligosaccharide containing GlcNAc and MurNAc

30 PWM Phytolacca americana (GIcNAc B1-4)n

32 PNA Arachis hypogaea Galp1-3GalNAc

34 ACA Amaranthus caudatus Galf1-3GalNAc

36 HPA Helix pomatia agglutinin a-linked terminal GalNAc

38 DBA Dolichos biflorus blood group A antigen, GalNAc a1-3GalNAc

40 Calsepa Calystegia sepium Mannose, Maltose

42 MAH Maackia amurensis Sian2-3Galp1-3(Sian2-6)GalNAc

44 GSL-1 A4 Griffonia simplicifolia Lectin I Isolectin A4 a-linked GalNAc

These data were collected from lectin vendors and reports found by internet searches.
doi:10.1371/journal.pone.0077118.t001

Based upon these clinical observations, we need to search more cular outcome. The biomarkers of renal dysfunction such as
reliable urinary biomarkers to predict both renal and cardiovas- transferrin, type IV collagen and N-acetyl-B-D-glucosaminidase,
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inflammatory markers including orosomucoid, tumour necrosis
factor-o, transforming growth factor-B, vascular endothelial
growth factor and monocyte chemoattractant protein-1, as well
as oxidative stress markers such as 8-hydroxy-2'deoxyguanosine
may be more sensitive than urinary albumin, the current gold
standard, in the detection of incipient nephropathy and risk
assessment of cardiovascular disease; however, the sensitivity of
these markers compared with albumin requires further investiga-
tion [7].

Recently, the urinary proteome analyses have been performed
using 2-dementional gel electrophoresis and subsequent mass
spectrometry to identify the novel urinary markers [8-10];
however, the identification of new markers may be suffered from
contamination of urinary major proteins such as albumin,
immunoglobulins, ol-antitrypsin, transferrin, and haptoglobin.
In the line of considerations, we focused on the alterations of
glycochains to identify useful urinary biomarkers. The changes in
glycoproteome profile in the urine may be due to the alterations in
the glycoprotein leakage into the urine by the damages of capillary
selective permeability and also attributed to the high glucose-
induced changes in the expression of the enzymes which are
responsible to the glycochain modification. For example, increased
hexosamine biosynthesis induced by high glucose conditions plays
a key role in the development of insulin resistance in primary
cultured adipocytes [11] and the increased flux through the
hexosamine biosynthetic pathway and subsequent enhanced O-
linked glycosylation (N-acetylglucosamine [O-GIcNAc]) of pro-
teins have been implicated in insulin resistance in skeletal muscle
[12]. However, the glycoproteome profile has not been well-
investigated because of the technical obstacles. We employed the
evanescent-field fluorescence-assisted lectin microarray: a new

Fetuin-A and Diabetic Nephropathy

strategy for glycan profiling, which allows sensitive, real-time
observation of multiple lectin-carbohydrate interactions under
equilibrium conditions, to identify the changes in the functional
glycans in a high-throughput manner [13]. We identified the
increase in the biding activity to Siac2-6-Gal/GalNAc in urine
samples from the patients with diabetic nephropathy. We next
identified fetuin-A, ol-microglobulin, and orosomucoid as sialy-
lated glycoproteins and we found fetuin-A may be a useful urinary
marker to predict the development of microalbuminuria and
reduction of GFR in diabetic nephropathy.

Materials and Methods

Patients

Urine samples of Japanese healthy subjects without type 2
diabetes (n = 12) and Japanese patients with type 2 diabetes with
various stages of normoalbuminuria (n=7), microalbuminuria
(n=5) and macroalbuminuria (n = 5) were obtained and subjected
to lectin microarray studies. Based on the lectin microarray
studies, we identified sialylated glycoproteins, such as fetuin-A, al-
microglobulin, and orosomucoid as candidate markers for diabetic
nephropathy and we newly recruited Japanese patients with type 2
diabetes (n=85, 62.9+11.3 years) into this study. The patients
with type 2 diabetes were treated with oral hypoglycemic agents
(n=48) and insulin treatment (n=49). The patients with ¢eGFR
<15 ml/min/1.73 m? or under dialysis were excluded from the
current study. All recruited patients with type 2 diabetes agreed to
perform lectin microarray of urine samples and measure urinary
levels of fetuin-A, ol-microglobulin, and orosomucoid. The study
was conducted in accordance with the ethical principle of the
Declaration of Helsinki and approved by ethical committee of
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Figure 1. Lectin microarray analysis using urine samples from the patients with various albuminuria stages. Lectin microarray analysis
of urine samples were performed in the healthy subjects without type 2 diabetes (Control, n=12) and the patients with type 2 diabetes with various
stages of normoalubuminuria (A1, n=7), microalbuminuria (A2, n=5) and macroalbuminuria (A3, n=5). Signals to various lectins are compared by

Kruskal-Wallis test.
doi:10.1371/journal.pone.0077118.9001
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Figure 2. SSA-Agarose column choromatography performed in the 4 patients with type 2 diabetes. A. The concentrated urine samples
were applied to SSA-Agarose column, washed with PBS and eluted with 0.2 M factose. B. The effluents from the patients manifested with various
albuminria and GFR stages, A3G3 and A3G4, were subjected to SDS-PAGE and stained with Coomassie Brilliant Blue. The bands were visualized and

they were subjected to liquid chromatography-tandem mass spectrometer (LC/MS-MS) analysis.

doi:10.1371/journal.pone.0077118.g002

Okayama University Graduate School of Medicine, Dentistry and
Pharmaceutical Sciences. We obtained written informed consent
from each patient.

Lectin Microarray

Fifty mL of urine samples were concentrated by Centricon at
5,000 g for 40 min and further by Microcon at 14,000 ¢ for
70 min to the volume of 0.5 mL (Millipore, Billerica, MA). Ten

UL of concentrated urine samples were applied to Multiple Affinity
Removal Spin Cartridge for Human Serum (Agilent Technologies,
Santa Clara, CA) to remove major serum proteins such as
albumin, IgG, al-antitrypsin, IgA, transferrin, and haptoglobin.
Five hundred pl of the effluents dialyzed against PBS were applied
to ULTRAFREE 0.5 BIOMAX-5k (Millipore) and concentrated
to final volume of 50 UL. Protein concentration was measured
with MicroBCA Protein Assay Kit (Thermo Scientific Pierce,

Table 2. Liquid chromatography-tandem mass spectrometer (LC/MS-MS) of samples from the patients with A3G3 and the search
result through NCBInr and Swiss-Prot database performed by Mascot.

Pos. Ac. No. Protein Name

2 TRFE_HUMAN

Serotransferrin

4 VTDB_HUMAN Vitamin D-binding protein

6 PTGDS_HUMAN

8 HPT_HUMAN Haptoglobin

10 CLUS_HUMAN

Clusterin

12 ATAT_HUMAN Alpha-1-antitrypsin

14 FETUA_HUMAN

Alpha-2-HS-glycoprotein (Fetuin-A)
16 TRPC4_HUMAN

18 MARK1__HUMAN

Serine/threonine-protein kinase MARK1

Sequences Score*?

3 0.14 130

75

63

1 0.09 29

Short transient receptor potential channel 4 1 0.03 20

1 0.04 6

identity or extensive homology (p<<0.05).
doi:10.1371/journal.pone.0077118.t002

PLOS ONE | www.plosone.org

*TemPAl (Exponentially Modified Protein Abundance Index) is calculated for the estimation of absolute protein amount as follow; emPA
*2probability Based Mowse Score. lons score is —10*Log(P), where P is the probability that the observed match is a random event. Individual ions scores >16 indicate

/=10 Nobserved/Nobservable 1.
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Rockford, IL) and the final concentration was adjusted to 50 pg/
mlL, in which 20 uL was incubated with Cy3 at room temperature
for 1 hour. Cy3-labeled samples were applied to gel filtration
columns (Zeba Desalt Spin Columns 0.5 ml, Thermo Scientific
Pierce) and the samples with 2, 1, 0.5, 0.25, 0.125, 0.063,
0.031 pg/mL were prepared with Probing Buffer and 100 pL/
well of samples were applied to Lectin Array, LecChip (GP
Biosciences, Tokyo, Japan) at 20°C for 15 hours. The lectin signals
were measured with Glycostation™™ Reader 1200 with exposure
time (133 msec) and gain (85, 95, 105, and 115). Scanned images
of 16 bit TIFF were analyzed with Array-Pro Analyzer (MEDIA
CYBERNETICS, Rockville, MD) and GlycoStation Tools (GP
Biosciences). The list of lectins is indicated in the Table 1 and
blood group A antigen (HPA) and group B antigen (EEL) were
excluded from the analysis.

Isolation of Sialylated Urinary Proteins in the Patients
with Diabetic Nephropathy

Hundred mL of urine samples were concentrated by Centricon
at 5,000 g for 40 min and further by Microcon at 14,000 g for

Fetuin-A and Diabetic Nephropathy

70 min to the volume of 1 mL. Affinity chromatography was
performed using SSA-Agarose (Lectin-Agarose Set-III) and
BioLogic LP system II (#731-8300X2, BIO-RAD, Hercules,
CA). The SSA-Agarose column was equilibrated by 6.0 mL of
PBS at the flow rate of 0.2 mL/min. The concentrated urine
samples of 1.0 mL were applied to the sample loop and PBS was
loaded at 0.1 mL/min for 10 min. The SSA-Agarose column was
washed with PBS at 0.1 mL/min for 70 min. Five mL of the
elution buffer (0.2 M lactose) was applied to sample loop and
eluted with PBS at 0.1 mL/min for 60 min and further washed
with PBS at 0.5 mL/min for 20 min. While eluting the sialylated
glycoproteins, the fractions of 0.5 ml were collected every 5 min.
The cluted samples were subjected to SDS-PAGE analysis and the
proteins were identified by Liquid chromatography—-tandem mass
spectrometer (LC/MS-MS) analyses as follows.

Ciysteine bonds of the eluted glycoproteins were reduced by
10 mM dithiothreitol (DTT) at 56°C for 1 hour and alkylated with
50 mM iodoacetamide (IAA) at room temperature for 45 min in
the dark. They were enzymatically digested with 0.1 pg of
sequencing grade trypsin at 30°C for overnight. The digested

Table 3. Liquid chromatography-tandem mass spectrometer (LC/MS-MS) of samples from the patients with A3G4 and the search
result through NCBInr and Swiss-Prot database performed by Mascot.

Pos. Ac.No. Protein Name

2 TRFE_HUMAN Serotransferrin

4 IGHG1_HUMAN lg gamma-1 chain C region
6 IGKC_HUMAN lg kappa chain C region
Alpha-2-macroglobulin

8 A2MG_HUMAN

10 APOA1_HUMAN Apolipoprotein A-l

12 HEMO_HUMAN Hemopexin

16 ICT_HUMAN Plasma protease C1 inhibitor
18 PTGDS_HUMAN Prostaglandin-H2 D-isomerase

Kininogen-1

22 KNG1_HUMAN

24 PGRP2_HUMAN

26 THRB_HUMAN Prothrombin

28 MTUST_HUMAN

N-acetylmuramoyl-L-alanine amidase

Score*?

Sequences

23 1.61 800

10 2.56 601

6 4.73 516

18

47

7 0.62 214

71

1 0.05 31

Microtubule-associated tumor suppressor 1 1 0.03 26

identity or extensive homology (p<0.05).
doi:10.1371/journal.pone.0077118.1003

PLOS ONE | www.plosone.org

*lemPAl (Exponentially Modified Protein Abundance Index) is calculated for the estimation of absolute protein amount as follow;
*2probability Based Mowse Score. lons score is —10%Log(P), where P is the probability that the observed match is a random event. Individual ions scores >16 indicate

emPAl=10 Nobserved/Nobservable __ 1.
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Table 4. Comparison of various parameters in albuminuria stages of chronic kidney disease in type 2 diabetes patients (n=85).

A1l A2

SBP (mmHg) 124.0+12.6

HbA1c (%) 7.31+0.64 7.24%+0.90

Albumin (g/L) 429+25 412432

UN (umol/L) 5.5*15 7.1+2.7

HDL-C (mmol/L)

eGFR (mL/min)

Fetuin-A (ng/gCr) 040+0.43 0.60+0.53

Orosomucoid (ng/gCr) 17.5x9.1 17.9287

Kruskal-Wallis

A3 Total

126.0+19.7 1262+17.3 0.484

7.38+1.17 7.31+£0.87 0.850

357%7.0 404+53 1.80x107 ™**

10.0+3.8 7.3%3.3

6.66 X107 %%

1.57+1.13 0.79+0.87 7.29x107 8=

3.34x107 8=

91.4+87.2 38.5£57.0

*p<0.05;
##p<0.01.
doi:10.1371/journal.pone.0077118.t004

peptides were extracted once in 1% formic acid and subsequently
twice in 5% formic acid and in 50% acetonitrite. Peptides were
separated by nanoUPLC (nanoACQUITY UPLC, Waters,
Milford, MA) and analyzed with Q-Tof micro (Waters).
nanoUPLC was equipped with 5.0 pm Symmetry C18,
180 umID X2 ¢cm  precolumn and 1.7 um BEH 130 CI8,
100 umID x10 cm column. Mobile phase A was water with
0.1% formic acid whilst mobile phase B was 0.1% formic acid in
acetonitrile. Using MassLynx 4.1 (Waters) the MS/MS raw data
were transformed into peak lists (.pklfiles) and they were searched
thorough NCBInr and Swiss-Prot by using Mascot (Matrix
Science, Boston, MA).

Blood Sampling and Assays

We measured overnight fasting serum levels of total cholesterol,
low density lipoprotein (LDL) cholesterol, high density lipoprotein
(HDL) cholesterol, triglycerides (L Type Wako Triglyceride H,
Wako Chemical, Osaka, Japan), uric acid, creatinine (Cr), and
urea nitrogen (UN). We also measured plasma glucose and
HbAlc. Urinary albumin was measured in random spot urine
samples by standard immuno-nephelometric assay. The urinary
albumin-creatinine ratio (ACR) was calculated. Estimated glomer-
ular filtration rate (¢GFR) was calculated by equation; eGFR (ml/
min/1.78 m?) = 194 xCr~ "% xage™*?%” in male and eGFR (ml/
min/1.78 m?) = 194 xCr™ """ xage %% %0.739 in female [14].
By using the definition and classification of chronic kidney discase
[Kidney Disease: Improving Global Outcomes (KDIGO)] [2], all
patients were classified into albuminuria and GFR category. In
albuminuria stages, the patients were classified into three groups;

PLOS ONE | www.plosone.org

BMI, body mass index; SBP, Systolic Blood Pressure; DPB, Diastolic Blood Pressure; Cr, serum creatinine; UN, serum urea nitrogen; T-Cho, Total cholesterol; TG,
Triglyceride; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol; eGFR, estimated glomerular filtration ratio; ACR, albumin/creatinine ratio;

Al (<30 mg/gCr), A2 (30-299 mg/gCr) and A3 (=300 mg/gCr).
In GFR stages, they were classified into 4 groups; G1 (>90 ml/
min/1.73 m?), G2 (60-89 ml/min/1.73 m?), G3 (30-59 ml/min/
1.73 m?), and G4 (15-29 ml/min/1.73 m®). Urinary excretions of
fetuin-A, al-microglobulin, and orosomucoid were measured with
ELISA kit for Human Fetuin-A (BioVender, Modrice, Czech
Republic), LZ Test Eiken «l-M (Eiken Chemical Co., Tokyo,
Japan), and N Antiserum to Human ol-acid Glycoprotein
(Siemens Healthcare Diagnostics Inc., Marburg, Germany).

Statistical Analysis

All data are expressed as mean * standard deviation (SD)
values in tables. Urinary levels of fetuin-A, ol-microglobulin, and
orosomucoid demonstrated non-normal distribution and medians
with interquartile range were indicated in box plot in Figures.
Spearman correlation coefficients were used to evaluate whether
urinary levels of fetuin-A, ol-microglobulin, and orosomucoid
correlated with various parameters. To determine the variables
independently associated with urinary levels of fetuin-A, ol-
microglobulin, and orosomucoid in the patients with type 2
diabetes, multiple regression analysis was performed by including
estimated glomerular filtration rate (eGFR), albumin/creatinine
ratio and HDL cholesterol (HDL-C) as independent variables.
Urinary levels of fetuin-A, ol-microglobulin, orosomucoid and
various clinical parameters in albuminuria and GFR stages were
compared by Kruskal-Wallis test. Multivariate logistic regression
analysis to access the urinary fetuin-A, ol-microglobulin, oroso-
mucoid excretions as a risk for diabetic nephropathy with
microalbuminuria or with GFR<60 mL/min. P values less than
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Figure 3. Urinary excretion of fetuin-A, o1-microglobulin, orosomucoid and albumin creatinine ratio (ACR) in various stages of
diabetic nephropathy (n=85). All of the urinary excretion of sialylated glycoprpteins such as fetuin-A, o1-microglobulin, and orosomucoid are

compared by Kruskal-Wallis test.
doi:10.1371/journal.pone.0077118.g003

0.05 were considered statistically significant. Statistical analysis
was performed with IBM SPSS Statistics Base and IBM SPSS
Regression (IBM, Armonk, NY).

Results

Lectin Microarray Analyses Demonstrated the Increased
Binding Activity to Siaa2-6-Gal/GalNAc

We performed lectin microarray analyses and compared the
urine samples of the healthy subjects without type 2 diabetes
(n=12) and the patients with type 2 diabetes with various stages of
normoalubuminuria (n = 7), microalbuminuria (n = 5) and macro-
albuminuria (n=35). The reactivity to the many lectins, such as
fucose binder (PSA, LCA, AOL, and AAL), Lac/LacNAc binder
[PHA(L), ECA, RCA120, PHA(E)], o- or B-Gal binder (BPL,
ABA, PNA, ACA), chitobiose binder (DSA, LEL, STL, UDA,
PWM, WGA), and o- or B-GalNAc binder (Jacalin, WFA, MPA,
VVA, DBA, SBA, PTL-I, GSL-IA4), significantly declined at the

PLOS ONE | www.plosone.org

stage of macroalbuminuria (Figure 1). Among them, lectins
which bind to N-glycosylation, RCA120, PHA(E), DSA, demon-
strated the increased binding activity at the stage of microalbu-
minuria. Notably, in contrast to majority of the lectins, the binding
to Sian2-6-Gal/GalNAc (SNA, SSA, TJA-1) progressively in-
creased in the albuminuria stages of diabetic nephropathy
(Figure 1, red box). Since we identified specific increase in the
biding activity to Siaa2-6-Gal/GalNAc in urine samples in the
patients with diabetic nephropathy, we next screened the sialylated
glycoproteins in the urine samples of diabetic nephropathy.

Fetuin-A, a1-microglobulin and Orosomuioid were
Identified by SSA-Agarose Column Chromatography and
LC/MS-MS Analyses

SNA- and SSA-agarose were commercially available and we
could isolate the glycoproteins by SSA-agarose in preliminary
experiments. Thus, we performed SSA-Agarose column chor-
omatography and the effluents were subjected to SDS-PAGE in
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(n=85).
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Table 5. Comparison of various parameters in glomerular filtration stages of chronic kidney disease in type 2 diabetes patients

Age (years) 51.9+13.9 62.9+10.3

SBP {(mmHg) 129.7+13.8 127.6+£17.3

HbATc (%) 7.54+0.79 7.27*0.83

414x4.6 423129

T-Cho (mmol/L)

HDL-C (mmol/L) 1.25+0.26

eGFR (mL/min) 96.2%£15.6 74.8%8.1

Fetuin-A (ng/gCr) 0.39+0.39 0.49x0.45

Orosomucoid (ng/gCr) 225%114 19.7+14.8

G1 G2 G3

66.5+9.2

124.0£19.1

7.40+0.94

38.3%6.6

1.32%£0.41

444+9.2

125118

62.784.3

G4 Total Kruskal-Wallis

59.6+15.3 629+11.3 0.647

120.2+11.1 126.2%217.3 0.640

6.68+0.82 7.31£0.87 0.323

33.4%5.0 404£5.3

20.6+83 63.5+22.4 1.16 X107 30

1.34£0.80 0.79%0.87 3.89x1077**

84.469.4 38.5+57.0 2.21x10

*p<<0.05;
#p<0.01.
doi:10.1371/journal.pone.0077118.t005

Figure 2. We confirmed that the bands visualized with Coomassie
Brilliant Blue staining increased in the patients with CKD stage of
A3G4 compared with the patients A3G3. The effluents were
subjected to LC/MS-MS and raw data of the proteins hit by
Mascot program searching through NCBInr and Swiss-Prot
database were indicated in Tables 2 and 3 in the patients with
CKD stages of A3G3 and A3G4, respectively. The listed proteins
demonstrated the serum major proteins such as albumin,
immunoglobulins, complements, ¢l-antitrypsin, transferrin, and
haptoglobin. However, we identified three sialylated glycoprpteins
such as ol-microglobulin (Protein AMBP), ol-acid glycoprotein
(orosomucoid) and fetuin-A (02-HS-glycorptein). Fetuin-A [15],
ol-microglobulin [16], and orosomucoid [17] have been reported
as sialylated glycoproteins and we further validated the signifi-
cance of urinary excretion of sialylated glycoproteins as biomark-
ers for diabetic nephropathy.

Elevated Urinary Fetuin-A Excretion is a Risk for the
Development of Diabetic Nephropathy

We investigated urinary excretion of sialylated glycoproteins in
various stages of diabetic nephropathy (n=285). In albuminuria
stages, age, serum total protein, serum albumin, Cr, UN, uric acid,
HDL-C, eGFR, ACR were significantly changed revealed by
Kruskal-Wallis test (Table 4). All of the urinary excretion of
sialylated glycoprpteins such as fetuin-A, ol-microglobulin, and
orosomucoid significantly increased during the progression of Al
to A3 stages (Table 4 and Figure 3a~d). During the progression
of GFR stages, serum total protein, serum albumin, Cr, UN, uric

PLOS ONE | www.plosone.org

BMI, body mass index; SBP, Systolic Blood Pressure; DPB, Diastolic Blood Pressure; Cr, serum creatinine; UN, serum urea nitrogen; T-Cho, Total cholesterol; TG,
Triglyceride; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol; eGFR, estimated glomerular filtration ratio; ACR, albumin/creatinine ratio;

acid, eGFR, and ACR were significantly altered by Kruskal-Wallis
test (Table 5). Like albuminuria stages, the urinary excretion of
fetuin-A, ol-microglobulin, and orosomucoid significantly in-
creased in the GFR stages from GI to G4 revealed by Kruskal-
Wallis test (Table 5 and Figure 3e-h).

All of the urinary excretion of fetuin-A, al-microglobulin, and
orosomucoid positively correlated with Cr, UN and ACR and
negatively correlated with serum albumin, HDL-C and eGFR
with statistically significant differences (Table 6 and Figure 4).
The linear regression analyses were followed by a multiple
regression analysis using the urinary excretion of fetuin-A, ol-
microglobulin, and orosomucoid as the dependent variables to
further analyze the significant predictors (Table 6). eGFR, ACR
and HDL-C were used as independent variables. eGFR and ACR
independently and significantly predicted urinary excretion of
fetuin-A and ol-microglobulin. For urinary excretion of oroso-
mucoid, ACR and HDL-C were significantly determinants in
multiple regression models in Table 7. Finally, multivariate
logistic regression analysis was employed to assess three urinary
sialylated glycoproteins as a risk for diabetic nephropathy with
microalbuminuria or GFR<60 mL/min. We used the forward
stepwise method and the variable whose addition causes the largest
statistically significant change in —2 Log Likelihood is added to
the model. The final models are indicated in Tables 8 and only
fetuin-A was demonstrated as a risk factor for both microalbu-
minuria and reduction of GFR in diabetic nephropathy with the
odds ratio (95% confidence intervals) of 4.721 (1.881-11.844) and
3.739 (1.785-7.841), respectively.
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Table 6. Simple correlation of urinary sialylated glycoprotein excretions with various clinical parameters in the patients with type 2
diabetes (n=85).

Fetuin-A (ng/gCr) a1-microglobulin (g/gCr) Orosomucoid (ng/gCr)

BMI (kg/m?) =-0.139, p=0.205 R=-0032, p=0.770

DBP (mmHg) R=—0.145, p=0.186 =-—0.027, p=0.807

Total protein (g/L) R=-0.261, p=0.017* —0.275, p=0.012* =—0.213, p=0.053

Cr (umol/L) R=0.368, p=5.23x10 R=0.388, p=240x10 R=0.399, p=1.53x10

TG (mmol/L)

LDL-C (mmol/L)

=—0.007, p=0.948 —0.043, p=0.697

R=0.067, p=0.544

ACR (mg/gCr) R=0.548, p=576x10"%* R=0.466, p=7.02x10" % R=0.652, p=1.40x10"""#*

BMI, body mass index; SBP, Systolic Blood Pressure; DPB, Diastolic Blood Pressure; Cr, serum creatinine; UN, serum urea nitrogen; T-Cho, Total cholesterol; TG,
Triglyceride; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol; eGFR, estimated glomerular filtration ratio; ACR, albumin/creatinine ratio;

*p<0.05;

*#p<0.01.

doi:10.1371/journal.pone.0077118.t006
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Figure 4. Simple correlation of urinary excretion of fetuin-A, a1-microglobulin, orosomucoid with estimated glomerular filtration
ratio (eGFR) and urinary albumin creatinine ratio (ACR) in the patients with diabetic nephropathy (n=85). Spearman correlation
coefficients are used to evaluate whether urinary levels of fetuin-A, a1-microglobulin, and orosomucoid correlate with eGFR and ACR.
doi:10.1371/journal.pone.0077118.g004
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Table 7. Multiple linear regression analysis using urinary sialylated glycoprotein excretions as dependent variables in the patients
with type 2 diabetes (n=85).

Unstandardized Standardized
coefficient coefficient

Fetuin-A eGFR (mL/min)

0.074 0.335

HDL-C (mmol/L) —4.048 2.035

—1.989 0.050

(ng/gCr) ACR (mg/gCr) 0.007 0.001 0.461 4.560 471%x107°

Orosomucoid eGFR (mL/min) —0.136 0.212 —0.053 —0.642 0.523 0.605

HDL-C (mmol/L) —26.65 10.240 —0.183 —2.603 0.011

Estimated glomerular filtration rate (eGFR), albumin/creatinine ratio and HDL cholesterol (HDL-C) are used as independent variables in stepwise multiple linear
regression analysis in model 1. In model 2, all parameters are included in the analysis.

*p<0.05;

#p<0.01.

doi:10.1371/journal.pone.0077118.1007

Discussion progressively increased at micro- and macroalbuminruia stages.
In the patients with type 1 diabetes, the reduction of sialidase
activities was observed in mononuclear leucocytes and they
speculated that diabetes-associated changes in sialylation of
functional cell surface glycolconjugates may have important
clinical consequences in diabetes [20]. The analysis of sialylation
of insulin-like growth factor-binding protein (IGFBP)-3 from the
. . . poorly controlled patients with type 2 diabetes, increased binding
nonfuc9sylated triantennary glycans, dlsplay altered fucosylation of IGFBP-3 to SNA suggesting increased sialylation of IGFBP3
of N-linked glycans on plasma proteins. Thus, the glycan [21]. In contrast, reduced ¢2-6 sialylation of glycodelin-A was

biomarkers could improve the efficiency of a diagnosis of . . . h
L observed in gestational diabetes mellitus [22]. One can speculate
HNFIA-MODY [18). In diabetic nephropathy, Ahn J.M. e al. that the alterations in the expression of sialyltransferases or

erformed glycan profile of plasma samples from normal subjects . . . . .
zn d the a?iZnts vljith diabelzes The CI; rured alveo roteian b sialidase may influence the sialylation of plasma glycoproteins;
ep . : ¥ cap  Byeop Y however, the status of sialylation seems to be complex in the
multi-lectin affinity chromatography and trypsin-digested glyco- . S . o
proteins were subjected to the analysis by LC-MS/MS [19]. patients with diabetes. Increased smlylailted.glycoprotems in urine
However, no other studies have been reported to survey the glycan samples may also b e due o th(? alteration in the p © rmsclectivities
profile of the urine samples so far, and we believe that the current of glomerular capillary, since sialylated glycoproteins are charac-
’ terized by negative charge.

investigation is the first study to perform glycan profiling of urines . .
& v oP gyean p N al-microglobulin, also known as protein HC (for Heteroge-

samples from the patients with diabetic nephropathy. As a result, > ‘

we have found that global reduction of the bindings to lectins, such neous Qharge% was initially sgggested asa 'mark er for .the detection

as fucose, Lac/LacNA, o- or B-Gal, chitobiose, and a- or B- of proximal tubular dysfunction by cadmium poisoning [23]. a.l-
microglobulin is a small protein with up to 31 kDa and it is filtered

GalNAc binders in urine samples of diabetic nephropathy at . :
macroalbuminuria stage. Unlike the reduced bindings to these through glomeruli and reabsorbed by the proximal tubules [24].

lectins, the biding activity to Siao2-6-Gal/GalNAc binders Urinary excretion of ol-microglobulin was significantly higher in

Glycans have important roles in living organisms with their
structural diversity; however, glycan profiling studies have not
been extensively performed because it is technically challenging.
Recently, the genome-wide association study identified hepatocyte
nuclear factor 1-ot (HNF1A) as a key regulator of fucosylation and
the DGY-glycan index, which is the ratio of fucosylated to

Table 8. Stepwise multivariate logistic regression analysis to assess the urinary sialylated glycoprotein excretions as a risk for
diabetic nephropathy with microalbuminuria or glomerular filtration rate (GFR)<<60 ml/min.

Odds ratio (95% confident
Risk factor for microalbuminuria B Standard error p intervals) Predictive accuracy

Risk factor for GFR<60 mL/min B Standard error p Odds ratio (95% confident Predictive accuracy
intervals)

#p<0,01.
doi:10.1371/journal.pone.0077118.1008
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