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Abstract

Background: We reported that urinary L-FABP reflected the progression of chronic kidney disease (CKD). This study is aimed
to evaluate the clinical significance of urinary liver type fatty acid binding protein (L-FABP) as a biomarker for monitoring
CKD. Methods: Urinary L-FABP was measured using human L-FABP ELISA kit (CMIC.Co., Ltd., Tokyo, Japan). The relations
between urinary L-FABP and clinical parameters were evaluated in non-diabetic CKD (n = 48) for a year. In order to evaluate
the influence of serum L-FABP derived from liver upon urinary L-FABP, both serum and urinary L-FABP were simultaneously
measured in patients with CKD (n = 73). Results: For monitoring CKD, the cut-off value in urinary L-FABP was determined
as 17.4 μg/g.cr. by using a receiver operating characteristics (ROC) curve. Renal function deteriorated significantly more in
patients with ‘high’ urinary L-FABP (n = 36) than in those with ‘low’ L-FABP (n = 12). The decrease in creatinine clearance
was accompanied by an increase in urinary L-FABP, but not in urinary protein. Serum L-FABP in patients with CKD was not
correlated with urinary L-FABP. Conclusion: Urinary excretion of L-FABP increases with the deterioration of renal function.
Serum L-FABP did not influence on urinary L-FABP. Urinary L-FABP may be a useful clinical biomarker for monitoring
CKD. (Mol Cell Biochem 284: 175–182, 2006)
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Introduction

A recent study of the American Heart Association suggests
that CKD is an independent risk factor for developing cardio-
vascular disease, warns of the increasing number of patients
with CKD, and emphasizes the importance of measuring
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clinical parameters in serum or urine [1]. However, there are
few clinical markers to predict and monitor the progression
of CKD.

Liver-type fatty acid binding protein (L-FABP) is ex-
pressed in the human proximal tubules. In the kidney disease,
L-FABP expression in the proximal tubules was increased
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and urinary excretion of L-FABP was accelerated [2]. In the
clinical study, urinary L-FABP reflected the progression of
CKD and might be a new clinical biomarker for predicting
the progression of CKD [3].

In order to evaluate the clinical significance of urinary
L-FABP as a biomarker for monitoring non-diabetic CKD,
we examined the relations between the progression of CKD
and urinary excretion of L-FABP in the outpatients with
non-diabetic CKD.

As L-FABP is expressed not only in the kidney, but also
in the liver, urinary L-FABP might also have been influ-
enced by serum L-FABP. Furthermore, we evaluated the in-
fluence of serum L-FABP derived from the liver upon urinary
L-FABP.

Methods

ELISA for measurement of L-FABP

The level of L-FABP was measured using human L-FABP
ELISA kit (CMIC Co., Ltd. Tokyo Japan).

Study 1

Clinical significance of urinary L-FABP in CKD
Patient selection. Forty-eight adult patients from the outpa-
tient clinics of the University of Tokyo Hospital (Tokyo,
Japan), Dokkyo University School of Medicine (Tochigi,
Japan), Tokyo Police Hospital (Tokyo, Japan), Kanto Cen-
tral Hospital (Tokyo, Japan), and Mitsui Memorial Hos-
pital (Tokyo, Japan) were enrolled in this study. Patients
were followed from March 2001 to May 2002. The subjects
were diagnosed as having CKD by renal biopsy (n = 15)
or by clinical history (n = 33) without underlying sys-
temic disease. The patients who had serum creatinine from
1.2 mg/dl (106.1 μmol/L) to 3 mg/dl (265.2 μmol/L) for men
or from 0.9 mg/dl (79.6 μmol/L) to 2.3 mg/dl (203.3 μmol/L)
for women were selected. Informed consent was obtained
from all patients before beginning the study. All serum and
urine samples were stored at −70 ◦C until analysis. Relevant
clinical parameters were monitored every month or second
month without a change in medication. Table 1 summarizes
clinical and laboratory findings for the subjects.

Clinical parameters of serum and ambulatory spot urine
Serum levels of creatinine and total cholesterol, and urine
levels of L-FABP, creatinine, protein and NAG (N-acetyl-β-
D-glucosaminidase) were measured. Serum and urinary cre-
atinine and serum cholesterol were measured by enzymatic
methods, urinary protein by the pyrogallol red-molybdate
complex method [4] and urinary NAG by using chlorophenol

Table 1. Patient characteristics (study 1)

Variable n = 48

Mean ± SD (range) age (yr) 55 ± 11(29–77)

Male (n = 36) 54 ± 2 (29–77)

Female (n = 12) 57 ± 3 (39–69)

Mean blood pressure (mmHg) 101 ± 45

Serum creatinine (mg/dl) 1.8 ± 0.5

Creatinine clearance (mL/min) 45.9 ± 20.8

Total cholesterol (mg/dl) 208 ± 33

Urinary protein (g/g.cr) 1.3 ± 1.4

Urinary NAG (IU/g.cr) 9.3 ± 3.9

Urinary L-FABP (μg/g.cr) 89.3 ± 115.4

No of patients with renal biopsy (%) 15 (31%)

Mesangial proliferative glomerulonephritis 10

Membranous nephropathy 1

Focal segmental glomerulosclerosis 1

Membranoproliferative glomerulonephritis 1

Nephrosclerosis 2

red-N-acetylglucosaminide (CPR-NAG) as a substrate. The
levels of urinary parameters are expressed as a ratio of the
level of urinary creatinine (cr.). Creatinine clearance (Ccr)
was calculated by the Orita formula [5].

Clinical course and urinary L-FABP
To evaluate the progression of CKD, we analyzed Ccr in
patients over the trial period (in months). For each patient,
the progression rate of CKD was defined as the slope of
the regression line of a line-graph plot of Ccr against trial
length. The patients, whose renal function was deteriorated,
had a disease progression rate, under −0.1 and the patients,
which renal function was stable, had a disease progression
rate above −0.1. For monitoring CKD, the cut-off points in
urinary L-FABP and urinary protein were calculated by using
a receiver operating characteristics (ROC) curve.

We divided the patients into two groups according to their
levels of urinary L-FABP or urinary protein: the high group
incorporated patients with higher levels of urinary L-FABP
or urinary protein (equal to or more than the cut-off values for
monitoring CKD), and the low group incorporated patients
with lower levels (less than the cut-off value for monitor-
ing CKD). Ccr, urinary L-FABP and urinary protein were
assessed separately in the high and low groups.

To evaluate the changes in the clinical parameters, we ex-
amined the level of urinary L-FABP or urinary protein over
the trial period (in months). For each patient, the change in
urinary L-FABP or in urinary protein over the trial period
was defined as the slope of the regression line of a line-
graph plot of urinary L-FABP or urinary protein, respectively,
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against trial length. These changes were compared with the
progression rate of kidney disease.

Study 2

Patient selection. It has been reported that serum L-FABP
was elevated in liver disease such as acute or chronic hep-
atitis [6]. Under such situations, urinary L-FABP might also
have been influenced by serum L-FABP. In order to evaluate
the influence of serum L-FABP derived from the liver upon
urinary L-FABP, serum and urinary L-FABP were simultane-
ously measured in patients with CKD (n = 73), liver disease
(n = 71) and healthy volunteers (n = 71) from May, 2000 to
July, 2000. The patients from the outpatient clinic of the Uni-
versity of Tokyo Hospital, Tokyo, Japan, were enrolled. The
patients with CKD were diagnosed as having primary chronic
glomerular disease by renal biopsy (n = 54) or by clinical
history, and they had no clinical or laboratory evidence of
an underlying systemic disease. In liver disease, the patients
were diagnosed chronic viral hepatitis without liver cirrhosis
and malignant tumor and they had no abnormal urinalysis.
Table 2 summarizes the clinical and laboratory findings of
CKD and Table 3 summarizes those of liver disease. Ref-
erence value of urinary excretion of L-FABP was analyzed
using urine samples of healthy volunteers in Eiken Chem-
ical Co Ltd. (n = 97). Criteria for the healthy volunteers
included (1) absence of a history of CKD and (2) absence of
an abnormal finding in urinalysis.

Table 2. Patients evaluated for the influence of serum L-FABP derived from

the liver upon urinary L-FABP in CKD (study 2)

Variable n = 73

Mean (±SD) age-yr 49 ± 15

Sex-no. of patients (%)

Male 39 (53%)

Female 34 (47%)

Serum creatinine (mg/dl) 1.1 ± 0.8

Total cholesterol (mg/dl) 204 ± 61

Serum L-FABP (ng/ml) 5.4 ± 4.4

Urinary protein (g/g.cr) 1.3 ± 2.4

Urinary NAG (IU/g.cr) 9.0 ± 6.0

Urinary L-FABP (μg/g.cr) 39.5 ± 73.1

Renal biopsy-no.of patients (%) 54 (74%)

Minor glomerular abnormalities 6

Mesangial proliferative glomerulonephritis 29

Membranous nephropathy 6

Focal segmental glomerulosclerosis 12

Membranoproliferative glomerulonephritis 1

Table 3. Patients evaluated for the influence of serum L-FABP derived from

the liver upon urinary L-FABP in liver disease (study 2)

Variable n = 71

Mean (±SD) age-yr 60 ± 12

Sex-no. of patients (%)

Male 35 (49%)

Female 36 (51%)

Serum creatinine (mg/dl) 0.7 ± 0.2

Total cholesterol (mg/dl) 162 ± 27

AST (units/L) 58 ± 36

ALT (units/L) 62 ± 47

Serum L-FABP (ng/ml) 8.4 ± 6.7

Urinary protein (g/g.cr) 0.1 ± 0.1

Urinary NAG (IU/g.cr) 1.0 ± 0.6

Urinary L-FABP (μg/g.cr) 13.0 ± 9.3

The measurements of urinary or serum L-FABP

Urinary and serum L-FABP were measured by the method
mentioned above.

Clinical parameters of serum and ambulatory spot urine

Serum creatinine, total cholesterol, urinary creatinine, protein
and NAG were measured by the methods mentioned above. In
the patients with liver disease, AST and ALT were measured
by the standard method.

These researches were carried out according to the prin-
ciples of the Declaration of Helsinki, that informed consent
was obtained, and that our institutional review board has ap-
proved this study.

Statistical analysis

All values are expressed as the mean ± standard devia-
tion (SD). The correlation between two parameters (non-
parametric distributions) was analyzed by Spearman’s rank
coefficient of correlation and the correlation between two
groups (nonparametric distributions) analyzed by the Mann-
Whitney U-test using unpaired data. To clarify the relation
between urinary or serum L-FABP with clinical parameters,
the multiple regression analysis based on the stepwise method
was applied. Differences in parameters among patients with
CKD, patients with liver disease and healthy volunteers were
analyzed by Scheffe’s multiple comparison procedure af-
ter the KruskaL-Wallis test was performed. These statisti-
cal analyses were done by Stat View 5.0 software (SAS In-
stitute Inc., NC, USA). StatFlex 5.0 software (Artech Co.,
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Ltd., Osaka, Japan) was used to obtain the ROC curve. P-
values of less than 0.05 were considered to be statistically
significant.

Results

Study 1

Clinical course and urinary L-FABP
For monitoring CKD, the cut-off value in urinary L-FABP
was determined as 17.4 μg/g.cr. and that in urinary pro-
tein was 1 g/g.cr. The regression slope for the disease
progression rate of patients in the high urinary L-FABP
group (≥17.4 μg/g.cr., n = 36) was significantly lower
than that of patients in the low urinary L-FABP group
(<17.4 μg/g.cr, n = 12) [regression slope, −0.464 and
0.069 (�mL.min−1.month−1), respectively; p < 0.001].
Renal function in the high urinary L-FABP group deteri-
orated more than that in the low urinary L-FABP group
(Table 4). The decrease in Ccr was accompanied by an in-
crease in urinary L-FABP in the high urinary L-FABP group
(Table 4). In the low urinary L-FABP group, however, Ccr
was stable and urinary L-FABP increased slightly (Table 4).
The change in urinary L-FABP was significantly higher in
the high urinary L-FABP group than in the low urinary L-
FABP group [4.31 and 0.88 (�μg/g.cr./month), respectively;
p < 0.05].

The regression slope for the disease progression rate of pa-
tients in the high urinary protein group (≥1 g/g.cr., n = 26)
was significantly lower than that of patients in the low uri-
nary protein group (<1 g/g.cr., n = 22) [regression slope,
−0.58 and −0.03 (�mL.min−1.month−1), respectively, p <

0.0001]. Renal function in the high urinary protein group
deteriorated more than in the low urinary protein group (Ta-
ble 5). In the high urinary protein group, however, the de-
crease in Ccr did not follow the increase in urinary protein
(Table 5). In the low urinary protein group, Ccr was stable
and urinary protein increased slightly (Table 5). The change
in urinary protein in the high urinary protein group was sim-
ilar to that in the low urinary protein group [0.01 and 0.01
(�g/g.cr./month), respectively, NS].

The nature of the change in urinary protein was clearly
different from that in urinary L-FABP, which increased with
the decline in Ccr.

Study 2

Clinical parameters correlated with serum L-FABP
in renal or liver disease
Serum L-FABP levels in patients with CKD, patients with
liver disease and healthy volunteers were 5.4 ± 4.4 ng/mL,

8.4 ± 6.7 ng/mL and 1.2 ± 0.7 ng/mL, respectively. Serum L-
FABP levels in patients with liver disease were significantly
higher than those in healthy volunteers and those in patients
with CKD (Fig. 1a).

The reference value of urinary L-FABP level was 6.5
± 5.4 ng/mL or 5.2 ± 3.6 μg/g.cr in healthy volunteers
(n = 97). Urinary L-FABP levels in patients with liver dis-
ease (13.0 ± 9.3 μg/g.cr) were similar to those in healthy
volunteers. Urinary L-FABP levels in patients with CKD
(39.5 ± 73.1 μg/g.cr) were significantly higher than those
in healthy volunteers and those in patients with liver disease
(Fig. 1b).

In the stepwise regression analysis using serum L-FABP
of patients with CKD with a dependent variable and seven
clinical independent variables (serum creatinine, serum
total cholesterol, urinary protein, urinary NAG and urinary
L-FABP), serum L-FABP was found to be significantly cor-
related with serum creatinine (F = 39.8) and urinary NAG
(F = 10.5) (R = 0.69, p < 0.0001) (Table 6). Serum L-
FABP was not correlated with urinary L-FABP in patients
with CKD. In the same analysis using serum L-FABP of liver
disease patients with a dependent variable and nine clinical
independent variables (serum creatinine, serum total choles-
terol, serum AST, serum ALT, urinary protein, urinary NAG
and urinary L-FABP), serum L-FABP was found to be signif-
icantly correlated with serum AST (F = 51.7), serum creati-
nine (F = 6.9) and urinary L-FABP (F = 10.4) (R = 0.77,
p < 0.0001) (Table 7).

Discussion

CKD is a worldwide common disease and progresses to end
stage renal disease. Therefore, the management of CKD is
important. However, few clinical markers can predict and/or
monitor the progression of CKD. In our previous study,
we showed that urinary excretion of L-FABP may be a
new marker for predicting the progression of CKD [3]. The
present study indicated that urinary L-FABP might be a useful
biomarker for monitoring CKD because the level of its ex-
cretion changes with the progression of CKD. Furthermore,
serum L-FABP derived from the liver was not influenced by
urinary L-FABP in CKD.

We investigated a correlation between the progression of
kidney disease and the changes in urinary L-FABP or in
urinary protein. Similar to a prospective analysis, the cut-off
values for monitoring disease were measured by the ROC
curve, and the patients were divided into high and low urinary
L-FABP groups according to these cut-off values. Whereas
renal function deteriorated in the high group, it was stable
in the low group. However, urinary protein did not almost
change as renal dysfunction progressed. The dynamics of
urinary L-FABP differed from those of any other urinary
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Fig. 1. (a) Bar graph of serum L-FABP levels in patients with CKD, patients

with liver disease and healthy volunteers, mean ± SD. (b) Bar graph of

urinary L-FABP levels in patients with CKD, patients with liver disease and

healthy volunteers, mean ± SD. ∗ p < 0.05 compared to healthy volunteers,
$ p < 0.05 compared to patients with CKD, # p < 0.05 compared to patients

with liver disease.

markers, which suggests that urinary L-FABP may be a more
relevant clinical marker for monitoring the progression of
CKD.

As L-FABP is not expressed in the proximal tubules of
the wild type mice, we established human L-FABP gene
transgenic mice and examined the dynamics of L-FABP
in kidney disease [2]. In the experimental study, the stress
overloaded on the proximal tubules, which induces tubuloin-
terstitial damage, induced up-regulation of L-FABP gene ex-
pression and accelerated urinary excretion of L-FABP from
the proximal tubules into urine [2]. From the results, we spec-
ulate that, in the proximal tubules of the patients whose re-

Table 6. Stepwise regression analysis for serum L-FABP in CKD

Independent Variables F ratio

Serum Creatinine 39.8

Total cholesterol 1.0

Urinary Protein 1.2

NAG 10.5

L-FABP 0.6

Note. significant results in bold font.

Table 7. Stepwise regression analysis for serum L-FABP in liver disease

Independent Variables F ratio

Serum Creatinine 6.9

Total cholesterol 0.3

AST 51.7

ALT 1.0

Urinary Protein 0.04

NAG 0.3

L-FABP 10.4

Note. significant results in bold font.

nal function are deteriorated, L-FABP gene expression and
urinary excretion of L-FABP have increased during the pro-
gression of renal dysfunction.

In addition to the kidney, L-FABP was expressed in the
liver. Serum L-FABP derived from the liver was filtered
through the glomeruli and might influence urinary L-FABP.
Serum L-FABP levels were significantly higher in liver dis-
ease patients than in both CKD patients and the healthy vol-
unteers; serum L-FABP levels were also correlated with AST,
which is released from liver cells after injury. These results
suggest that serum L-FABP derived from the liver is increased
after liver injury. In CKD, because serum L-FABP was cor-
related with serum creatinine, it is considered to have ac-
cumulated in the circulatory system through a decrease in
glomerular filtration rates. Urinary L-FABP levels in liver
disease patients were significantly lower than those in kid-
ney disease patients, and were similar to those in the healthy
volunteers; serum L-FABP levels and urinary L-FABP levels
were not correlated in kidney disease patients. These results
suggest that serum L-FABP levels do not influence urinary
L-FABP levels.

In conclusion, urinary excretion of L-FABP increases with
the deterioration of renal function, but not urinary protein.
Serum L-FABP did not influence on urinary L-FABP. Urinary
L-FABP may be a useful clinical biomarker for monitoring
CKD. We thus assume that urinary L-FABP may be utilized
in the management of CKD.
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