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Abstract: Tubulointerstitial fibrosis and tubular atrophy play a crucial

role in the pathogenesis of chronic kidney disease (CKD). They are also

major determinants in chronic kidney disease development and pro-

gression in patients with primary renal diseases characterized by

persistent or recurrent proteinuria. The purpose of the study was to

assess urinary excretion of alpha-glutathione S-transferase (alpha-GST),

pi-glutathione S-transferase (pi-GST), neutrophil gelatinase-associated

lipocalin (NGAL), kidney injury molecule-1 (KIM-1), and serum

NGAL level in children with idiopathic nephrotic syndrome (INS).

Patients and methods: the study group comprised of 39 children with

INS and the control group consisted of 20 healthy children. A total of 23

patients were affected with steroid-dependent nephrotic syndrome

(SDNS) and 16 with steroid-resistant nephrotic syndrome (SRNS). In

the majority of patients, a histopathologic examination revealed mini-

mal change disease (MCD)—25 (64%). Focal segmental glomerulo-

sclerosis (FSGS), mesangioproliferative glomerulonephritis (MesPGN),

membranoproliferative glomerulonephritis (MPGN), and membranous

glomerulonephritis (MGN) were diagnosed in 4 (10.3 %), 6 (15.5%), 2

(5.1%), and 2 (5.1%) children, respectively. Urinary alpha-GST, urinary

pi-GST, urinary KIM-1, and urinary and serum NGAL concentrations

were measured using specific enzyme-linked immunosorbent assay. The

urinary results were expressed in nanograms per milligram of creatinine

(ng/mg). Results: The authors observed significantly higher levels of

urinary alpha-GST/creatinine ratio (P¼ 0.03), urinary KIM-1/creati-

nine ratio (P< 0.02), serum NGAL level (P< 0.01), and urinary NGAL/

creatinine ratio (P¼ 0.02) in children with INS compared with controls.

The median values of urinary pi-GST/creatinine ratio in children with

INS and controls did not differ significantly. In children with SRNS, the

median values of urinary NGAL/creatinine ratio (P¼ 0.02) and urinary

KIM-1/creatinine ratio (P¼ 0.02) were significantly higher compared

with children with SDNS. The authors noted significant positive cor-
ska, MD, PhD, Ha MD, PhD,
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histopathologic examination, the duration of the disease, and number

of relapses did not show any significant differences. Conclusions:

1. Both children with SDNS and those with SRNS were characterized

by increased tubular injury marker levels. 2. Patients with SRNS and

higher proteinuria are more susceptible to early kidney damage.

(Medicine 94(42):e1746)

Abbreviations: AKI = acute kidney injury, CKD = chronic kidney

disease, ELISA = enzyme-linked immunosorbent assay, FSGS =

focal segmental glomerulosclerosis, GST = glutathione S-

transferase, INS = idiopathic nephrotic syndrome, KIM-1 =

kidney injury molecule-1, MCD = minimal change disease,

MesPGN = mesangioproliferative glomerulonephritis, MGN =

membranous glomerulonephritis, MPGN = membranoproliferative

glomerulonephritis, NAG = N-acetyl-b-D-glucosaminidase, NGAL

= neutrophil gelatinase-associated lipocalin, SDNS = steroid-

dependent nephrotic syndrome, sNGAL = serum NGAL, SRNS =

steroid-resistant nephrotic syndrome, SSNS = steroid-sensitive

nephrotic syndrome, uNGAL = urinary NGAL.

INTRODUCTION

T ubulointerstitial fibrosis and tubular atrophy play a crucial
role in the pathogenesis of chronic kidney disease (CKD).1

They are also major determinants in CKD development and
progression in patients with primary renal diseases character-
ized by persistent or recurrent proteinuria. Early detection of
tubulointerstitial fibrosis may result in more favorable outcome
of CKD, because nephroprotective treatment may be instituted
in due course. In recent years, numerous studies on novel early
markers of tubulointerstitial fibrosis have been published.

Oneofearlymarkersof tubulointerstitial fibrosis isglutathione
S-transferase (GST). It is a cytosolic enzyme. There are many iso-
formsofGST.ThealphaandpiisoformsofGST(alpha-GST,pi-GST)
aretypicalofhumankidney.2Thealpha-GSTisexpressedinproximal
tubularepithelialcells,whereasthepi-GSTisspecificofdistaltubular
epithelial cells.Consequently,positivecorrelationsbetweenurinary
alpha-GST or pi-GST excretions and severity of proximal or distal
tubular injury were observed.3 Increased urinary GSTs4 excretions
were reported in an early phase of acute tubular injury caused by
various toxic substances5–7 and after cardiac surgery.8,9 Recent
studies showed that elevated urinary GSTs excretions are also an
early marker of tubular injury in diabetic nephropathy,10,11 glomer-
ulopathies,12 and obesity-related nephropathy.13

Another early and sensitive marker of tubulointerstitial
fibrosis is neutrophil gelatinase-associated lipocalin (NGAL).
Neutrophilgelatinase-associatedlipocalinisasmall(25 kd)protein
lar epithelial cells following acute kidney
udies, however, demonstrated that serum
ary excretion were also higher in patients
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TABLE 1. Characteristics of Study and Control Groups

Parameter

Study Group
Median (Range)

and Number
of Patients Control Group

Number of patients 39 20
Sex (male/female) 33/6 16/4
Age, y 13.7 (4–18) 12.3 (3–17)
GFR, mL/min/1.73 m2 128 (91–154) 139 (102–145)
Duration of NS

therapy, y
6 (0.25–14) –

Number of relapses 6 (2–13) –
Clinical diagnosis of

NS SDNS/SRNS
23/16 –

Histopathologic
diagnosis
SDNS/SRNS

–

MCD 16/9
FSGS 3/1
MesPGN 3/3
MPGN 1/1
MGN 0/2
Cyclosporin

A therapy
SDNS/SRNS

14/4 –

Protein/creatinine
ratio, mg/mg

0.09 (0–0.15)

SDNS 0.14 (0.09–0.19)
SRNS 1.1 (0.4–3.5)

FSGS¼ focal segmental glomerulosclerosis, GFR¼ glomerular filtra-
tion rate, MCD¼minimal change disease, MesPGN¼mesan-
mesangioproliferative glomerulonephritis, MGN¼membranous
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with various chronic nephropathies and correlated with their
activity and renal function.14–16 In addition, it was revealed that
elevated baseline serum NGAL level was a risk factor for CKD
progression.17–20 Neutrophil gelatinase-associated lipocalin was
alsodocumentedtobeanearlyandsensitivemarkeroftubulointer-
stitial fibrosis in glomerular diseases.14,20

Recently, much of an interest was taken in kidney injury
molecule-1 (KIM-1). It is a transmembrane tubular cell protein of
uncertain function. It is not expressed in normal kidney but is
markedly upregulated in proximal tubular epithelial cells
in experimental and clinical kidney damage.21,22 An elevated
urinary KIM-1 excretion was observed in AKI and CKD, and in
patients with renal transplant rejection. Kidney injury molecule-1
wasalsosuggestedtobeanindicatorofconversionofAKItoCKD.23

Waanders et al24 reported increased urinary KIM-1 excretion in
proteinuric nondiabetic patients. In addition, clinical studies
revealedthatKIM-1wasanearlymarkeroftubulointerstitialfibrosis
in patientwithprimary andsecondaryglomerulopathies22,25,26 and
inthosewithcongenitalhydronephrosis.27ElevatedurinaryKIM-1
excretionwasalsoobservedinpatientswithrenalscarringbecauseof
vesicoureteralreflux.30Vaidyaetal25,26showedthaturinaryKIM-1
excretion reflected better severity of tubulointerstitial fibrosis than
urinary N-acetyl-b-D-glucosaminidase excretion.

PURPOSE OF THE STUDY
The purpose of the study was to assess urinary excretion of

alpha-GST, pi-GST, NGAL, KIM-1, and serum NGAL level in
children with idiopathic nephrotic syndrome (INS). The corre-
lations of measured parameters with histopathologic diagnosis,
magnitude of proteinuria, duration of the disease, and number
of relapses were determined. Steroid-dependent and steroid-
resistant patients were compared with respect to measured
parameters. Similar comparison was made between children
treated and those nontreated with cyclosporine A.

Patients, Material, and Methods

Patients
Baseline characteristics of patients and controls are pre-

sented in Table 1. The study comprised 39 children (33 boys and
6 girls) aged 4 to 18 years (median: 13.7 years) with INS treated
in the Department of Pediatric Nephrology, Children’s Univer-
sity Hospital in Lublin, Poland. A total of 23 patients were
affected with steroid-dependent nephrotic syndrome (SDNS)
and 16 with steroid-resistant nephrotic syndrome (SRNS).
Pathologic proteinuria was observed in 12/16 (75%) children
with SRNS. Patients with SDNS were in remission of protei-
nuria. In the majority of patients, a histopathologic examination
revealed minimal change disease (MCD)—25 (64%). Focal
segmental glomerulosclerosis (FSGS), mesangioproliferative
glomerulonephritis (MesPGN), membranoproliferative glomer-
ulonephritis (MPGN), and membranous glomerulonephritis
(MGN) were diagnosed in 4 (10.3 %), 6 (15.5%), 2 (5.1%),
and 2 (5.1%) children, respectively. All patients received
glucocorticosteroids at typical doses. There were no significant
correlations between corticosteroid dose and urinary excretion
of enzymes (r¼ 0.2, P> 0.05). A total of 18 patients were
treated with cyclosporine A for 2 to 4 years. The median
duration of INS was 6 years (0.25–14 years) and the median
numbers of relapses were 6 (2–13). All children had normal
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estimated glomerular filtration rate calculated by the Schwartz
formula: 0.55 � body height (cm)/serum creatinine level
(mg/dL).
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The age- and sex-matched 20 healthy children (median:
12.3 years) were controls. They were observed in the outpatient
clinic of Children’s University Hospital in Lublin, Poland.

Methods
The midstream first morning urine specimen and serum

sample were collected from each study participant on the
same day.

The urinary enzyme excretions were expressed as enzyme/
creatinine ratio in nanograms per milligram of creatinine (ng/
mg). Similarly, the urinary protein excretion was expressed as
protein/creatinine ratio in milligram per milligram of creatinine
(mg/mg).

Routine laboratory techniques were used to measure pro-
teinuria and concentrations of serum and urinary creatinine.
Urinary alpha-GST (USCNK, China), urinary pi-GST (Immun-
diagnostik AG, Germany), urinary KIM-1, and urinary and
serum NGAL (USCNK, China) concentrations were measured
using specific enzyme-linked immunosorbent assay kits after
prior preparation of urine and serum samples following the
manufacturer’s instructions.

The statistical analysis was performed using STATISTICA

glomerulonephritis, MPGN¼membranoproliferative glomerulonephri-
tis, NS¼ nephrotic syndrome, SDNS¼ steroid-dependent nephrotic syn-
drome, SRNS¼ steroid-resistant nephrotic syndrome.
7.1. Differences between groups were assessed using Mann–
Whitney test and correlation coefficients were calculated using
Spearman test. P� 0.05 was considered significant.

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



TABLE 2. The Results of Urinary Excretion of Alpha-GST, Pi-GST, NGAL, KIM-1, and Serum NGAL Levels in Study and Control
Groups

Study Group
Median (Range)

Control Group
Median (Range)

Statistical
Analysis

Alpha-GST/creatinine, ng/mg 2.02 (0.52–22.6) 1.1 (0.26–6.73) P¼ 0.03
Pi-GST/creatinine, ng/mg 16.64 (7.6–25.2) 14.6 (7.4–26.0) P¼ 0.13
uNGAL/creatinine, ng/mg 0.30 (0.03–2.23) 0.12 (0.01–1.07) P¼ 0.02
sNGAL, ng/mL 12.36 (3.7–23.03) 4.77 (2.1–10.4) P< 0.01
KIM-1/creatinine, ng/mg 0.77 (0.06–9.8) 0.28 (0.06–1.06) P< 0.02

ury
l ge
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RESULTS
The results of urinary excretion of alpha-GST, pi-GST,

NGAL, KIM-1, and serum NGAL levels are shown in Table 2.
The median value of urinary alpha-GST/creatinine ratio

was significantly higher in children with INS than that in
controls (P¼ 0.03). The median values of urinary pi-GST/
creatinine ratio in children with INS and controls did not
differ significantly.

The median values of urinary NGAL/creatinine ratio
(P¼ 0.02) and serum NGAL level (P< 0.01) were significantly
higher in children with INS than those in controls.

Children with INS were characterized by significantly
higher median value of urinary KIM-1/creatinine ratio
(P< 0.02) compared with controls.

Alpha-GST ¼ alpha-glutathione S-transferase, KIM-1 ¼ kidney inj
neutrophil gelatinase-associated lipocalin, uNGAL ¼ urinary neutrophi
There were no significant differences in the median values
of serum NGAL level and urinary excretions of alpha-GST, pi-
GST, NGAL, and KIM-1 between children with MCD and those

FIGURE 1. The correlation between urinary kidney injury molecule-1
nephrotic syndrome patients.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
with other glomerulopathies (P¼ 0.1, P¼ 0.09, P¼ 0.1,
P¼ 0.07, and P¼ 0.07, respectively).

The median values of protein/creatinine ratios in children
with SDNS and those with SRNS were 0.13 (0.09–0.19 mg/mg)
and 1.1 (0.4–3.5 mg/mg), respectively. There was a significant
positive correlation between urinary KIM-1/creatinine ratio and
protein/creatinine ratio in patients with pathologic proteinuria
(r¼ 0.84, P< 0.01; Fig. 1). Urinary alpha-GST/creatinine ratio,
urinary pi-GST/creatinine ratio, urinary NGAL/creatinine ratio,
and serum NGAL level did not correlate significantly with
protein/creatinine ratio (Table 3). In patients with pathologic
proteinuria, significant correlations between duration of INS
and urinary alpha-GST/creatinine ratio, urinary pi-GST/creati-
nine ratio, urinary NGAL/creatinine ratio, urinary KIM-1/crea-

molecule-1, Pi-GST ¼ pi-glutathione S-transferase, sNGAL ¼ serum
latinase-associated lipocalin.
tinine ratio, and serum NGAL level were not observed. The
duration of INS and number of relapses did not correlate
significantly with urinary alpha-GST/creatinine ratio, urinary

/creatinine ratio and magnitude of proteinuria in steroid-resistant

www.md-journal.com | 3



TABLE 3. The Correlation Between Concentration of Alpha-GST, Pi-GST, KIM-1, and NGAL and Magnitude of Proteinuria,
Duration of the Disease, and Number of Relapses in Children with INS

Protein/Creatinine
(mg/mg)

Duration of the
Disease (INS)

Number of
Relapses

r P r P r P

Alpha-GST/creatinine, ng/mg �0.08 >0.05 0.21 >0.05 0.26 >0.05
Pi-GST/creatinine, ng/mg 0.45 >0.05 0.10 >0.05 0.33 >0.05
uNGAL/creatinine, ng/mg 0.16 >0.05 0.31 >0.05 0.32 >0.05
sNGAL, ng/mL 0.7 >0.05 0.22 >0.05 0.21 >0.05
KIM-1/creatinine (ng/mg) 0.84 <0.01 0.20 >0.05 0.43 >0.05

otic
n, u
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pi-GST/creatinine ratio, urinary NGAL/creatinine ratio, serum
NGAL level, and urinary KIM-1/creatinine ratio (Table 3).

There were also no significant differences in the median
values of urinary alpha-GST/creatinine ratio, urinary NGAL/
creatinine ratio, urinary KIM-1/creatinine ratio, and serum
NGAL level between children with MCD and those with other
glomerulopathies (P> 0.05). In children with SRNS, the
median values of urinary alpha-GST/creatinine ratio, urinary
NGAL/creatinine ratio, urinary KIM-1/creatinine ratio, and
serum NGAL level were significantly higher than those in
controls whereas patients with SDNS displayed significantly
elevated median values of urinary alpha-GST/creatinine ratio
and urinary KIM-1/creatinine ratio compared with controls
(Table 4). In addition, in children with SRNS, the median
values of urinary NGAL/creatinine ratio (P¼ 0.02) and urinary
KIM-1/creatinine ratio (P¼ 0.02) were significantly higher
compared with those with SDNS (Figs. 2 and 3; Table 4),
whereas the median values of urinary alpha-GST/creatinine
ratio and urinary pi-GST/creatinine ratio in these 2 groups of
children did not differ significantly. Similarly, there was no
significant difference between the median values of serum
NGAL level in children with SRNS and those with SDNS
(Table 4).

There were no significant differences in median values of

Alpha-GST¼ alpha-glutathione S-transferase, INS¼ idiopathic nephr
S-transferase, sNGAL¼ serum neutrophil gelatinase-associated lipocali
urinary alpha-GST/creatinine ratio, urinary pi-GST/creatinine
ratio, urinary NGAL/creatinine ratio, and urinary KIM-1/crea-
tinine ratio between children treated and those nontreated with

TABLE 4. The Results of Concentrations of Alpha-GST, Pi-GST, K

SDNS Median
(Range)

SRNS Med
(Range)

Alpha-GST/creatinine, ng/mg 2.62 (0.52–22.0) 2.54 (0.6–2
Pi-GST/creatinine, ng/mg 14.649 (7.6–25.2) 23.61 (9.1–2
uNGAL/creatinine, ng/mg 0.17 (0.03–1.60) 0.66 (0.04–2
sNGAL, ng/mL 13.36 (3.7–16.29) 13.70 (3.69–2
KIM-1/creatinine, ng/mg 0.87 (0.06–4.06) 1.77 (0.2–9

Alpha-GST ¼ alpha-glutathione S-transferase, KIM-1 ¼ kidney injury
neutrophil gelatinase-associated lipocalin, SDNS¼ steroid-dependent nephro
urinary neutrophil gelatinase-associated lipocalin.
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cyclosporine A. Similarly, the median values of serum NGAL
level in these 2 groups of children did not differ significantly.

Ethical Aspects
The study was approved by Ethics Committee of the

Medical University of Lublin.

DISCUSSION
Each glomerulopathy associated with recurrent or per-

sistent proteinuria may lead to progressive tubulointerstitial
fibrosis. Initially, GSTs were believed to be early and sensitive
markers of AKI. Recent studies, however, revealed that GSTs
could also be helpful in detection of tubulointerstitial fibrosis
in patient with CKD. Cawood et al10 observed that in diabetic
proteinuric patients urinary alpha- and pi-GST markers
appeared to identify renal damage, which was related to but
distinct from albuminuria. In our patients, elevated urinary
alpha-GST excretion was demonstrated, whereas urinary pi-
GST excretion was normal. There was no correlation between
urinary alpha-GST excretion and magnitude of proteinuria.
This observation suggests that renal tubular injury because of
proteinuria seems to be independent of its magnitude. In the
study by Bashir et al,12 urinary alpha-GST and pi-GST

syndrome, KIM-1¼ kidney injury molecule-1, Pi-GST¼ pi-glutathione
NGAL¼ urinary neutrophil gelatinase-associated lipocalin.
excretions were suggested to be useful markers of protei
nuria-induced renal tubular injury. They also disclosed a
positive correlation between urinary alpha-GST excretion

IM-1, and NGAL in SDNS, SRNS, and Controls

Statistical Analysis (P)

ian Control Group
Median (Range)

SDNS
versus

Control

SRNS
versus

Control

SDNS
versus
SRNS

2.6) 1.1 (0.26–6.73) 0.01 <0.01 0.7
3.2) 14.6 (7.4–26.0) 0.85 0.06 0.06
.23) 0.12 (0.01–1.07) 0.45 <0.01 0.02
3.03) 4.77 (2.1–10.4) 0.15 0.01 0.6
.80) 0.28 (0.06–1.06) 0.02 <0.01 0.02

molecule-1, Pi-GST ¼ pi-glutathione S-transferase, sNGAL ¼ serum
tic syndrome, SRNS¼ steroid-resistant nephrotic syndrome, uNGAL¼

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved
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and severity of proximal tubular histopathologic changes. They

FIGURE 2. The comparison of urinary neutrophil gelatinase-associa
nephrotic syndrome and steroid-dependent nephrotic syndrome.
proved that in proteinuric patients the initial injury was
localized in proximal tubules. Our results confirmed this
observation. In all our patients, an elevated urinary alpha-

FIGURE 3. The comparison of urinary kidney injury molecule-1/cre
syndrome and steroid-dependent nephrotic syndrome.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
GST excretion and normal urinary pi-GST excretion were

lipocalin /creatinine ratios between patients with steroid-resistant
demonstrated. This might indicate that in children with SDNS
and SRNS renal tubular injury begins in the region of
proximal tubules.

atinine ratios between patients with steroid-resistant nephrotic

www.md-journal.com | 5



Recent studies suggested that urinary NGAL excretion
could be helpful in diagnosis and monitoring of treatment
and progression of various renal diseases affecting glomerular
filtration barrier, proximal tubule reabsorption, and distal
nephrons.28–31 In the study by Bennet et al,32 in patients with
SRNS urinary NGAL excretion was higher than that in patients
with steroid sensitive nephrotic syndrome (SSNS) and was
independent of the degree of proteinuria. Nishida et al33

observed an elevated urinary NGAL excretion in patients with
CKD, but not in the patients with SSNS. In addition, they
revealed a positive correlation between urinary NGAL
excretion and magnitude of proteinuria. Ding et al29 showed
that in proteinuric patients with Lee grade III IgA nephropathy,
urinary NGAL excretion correlated positively with progressive
glomerular mesangial proliferation and tubulointerstitial fibro-
sis. Similarly, Pitashny et al34 disclosed a positive correlation
between urinary NGAL excretion and activity of nephritis
associated with proteinuria in adult patients with systemic
lupus erythematosus. In other studies,19,35,36 urinary NGAL
excretions was used as a marker of lupus nephritis activity in
children. In our study, a higher urinary NGAL excretion was
also observed in children with SRNS compared with those with
SDNS. Nevertheless, we did not observe any significant cor-
relation between urinary NGAL excretion and magnitude
of proteinuria.

In retrospective study by Waanders et al,24 proteinuric
patients were characterized by an increased urinary KIM-1
excretion. In our study, children with INS also displayed
elevated urinary KIM-1 excretion. In addition, Waanders at
al24 demonstrated a significant decrease in urinary KIM-1
excretion after a short-term antiproteinuric treatment. Similarly,
Vaidya et al26 demonstrated that resolution of proteinuria was
accompanied by a decrease in urinary KIM-1 excretion. In our
study, positive correlation between urinary KIM-1 excretion
and magnitude of proteinuria seems to confirm these obser-
vations. Our nephrotic patients did not display significant
positive correlations between magnitude of proteinuria and
the remaining renal tubular injury markers that are serum
NGAL level and urinary excretions of alpha-GST, pi-GST,
and NGAL. This might indicate that urinary KIM-1 excretion
is of higher diagnostic value. In addition, in our patients with

Bieniaś et al
SRNS, urinary KIM-1 excretion was significantly higher com-

pared with those with SDNS. This might suggest that renal
tubular injury was more severe in children with SRNS.

CONCLUSIONS
In conclusion, the results of our study suggest that tubu-

lointerstitial fibrosis develops early in the course INS not only
in steroid-resistant patients but also in those steroid-dependent
and initially does not impair renal function. Higher urinary
NGAL and KIM-1 excretions observed in our children with
SRNS compared with those with SDNS may indicate that the
steroid-resistant patients are more susceptible to early kidney
damage. In addition, nephrotic children seem to be at risk for
proximal tubule injury because our patients displayed elevated
urinary alpha-GST and KIM-1 excretions associated with nor-
mal urinary pi-GST excretion. In children with SRNS, positive
correlation between urinary KIM-1 excretion and magnitude of
proteinuria seems to confirm higher risk of tubulointerstitial
fibrosis in those patients.
Monitoring of early markers of tubulointerstitial injury in
patients with glomerulopathies associated with proteinuria may
be helpful in early detection of CKD development. In patients at

6 | www.md-journal.com
risk for CKD development, the basic and nephroprotective
treatment should be intensified.

The main limitation of the current preliminary study is a
relatively small number of patients. Further investigations in a
larger population of patients with various forms of glomerulo-
pathies are required to estimate utility of urinary GSTs, NGAL,
KIM-1 excretions, and serum NGAL level in an early diagnosis
of tubulointerstitial injury.
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