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Serum cystatin C (Scyst) has been proposed as a novel indicator of glomerular filtration rate (GER). The

present study was performed to evaluate practical use of a commercially available kit to measure Scyst as a new

marker of GFR in patients with IgA nephropathy. A total of 179 patients aged 34.2+ 11.5 years (male/female: 67/

112) were enrolled in this study. We simultaneously measured the Scyst levels and other GFR markers such as

inulin clearance (Cin) and serum levels of B and ou-microglobulin. A highly significant correlation was found be-
tween Scyst and serum creatinine (Screat) (r=0.892, p<0.0001) , and Scyst and Cin (r =0.738, p<0.0001) . No sig-
nificant difference was detected in the correlation coefficient in glomerulosclerosis rate and Scyst or Screat.

There were no significant changes in Scyst and Screat when the extent of interstitial fibrosis increased. The area

under the receiver operating characteristics (ROC) curve was significantly greater for Scyst than for Screat (p

=0.0002). This study suggests that Scyst is more sensitive than Screat for detecting a mild renal impairment

and Scyst could be proposed as a confirmatory test for IgA nephropathy patients with elevated Screat
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Introduction

Measurement of glomerular filtration rate (GFR)
as an index of renal function is a useful tool in clini-
cal nephrology. Urinary clearance of inulin remains
the gold standard for accurate determination of
GFR. Clearance of inulin (Cin) has in common to be
expensive and have to require accurate timing of
urine collection. Assessment of renal function is
commonly secured in clinical practice by estimating
GFR from serum creatinine (Screat) measurement
or from formulas as that proposed by Cockcroft and
Gault”.

More recently, serum cystatin C (Scyst) has been
proposed as an indicator of GFR. Cystatin C is a 13.3
kDa unglycosylated polypeptide member of the cys-
teine proteinase inhibitor super-family® . Cystatin
Cis a 120 amino-acid basic micro-protein (isoelectric
point of 9.3) . The physical properties (low molecular
weight and positive charge at physiological pH) sug-

gest that this substance is easily filtered through
the glomerulus®. Cystatin C gene belongs to the
housekeeping gene type, thus cystatin C is pro-
duced by all investigated nucleated cells, and its
production rate is stable in each individual through-
out time®, not influenced by sex, muscular mass,
age or inflammation. Several reports have shown
that Scyst is related to GFR as measured by various
isotopic methods and may improve diagnosis of re-

"~ However, most of Scyst measure-

nal failure
ments have been performed by particle-enhanced
immunonephelometry on the nephelometer system.

The aim of this study was to evaluate the speci-
ficity and sensitivity of Scyst using a commercially
available kit as compared with Screat and GFR
(Cin) in patients with IgA nephropathy.

Patients and Methods
Patients

One hundred-seventy nine patients underwent
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renal biopsy in 1999 to March 2002 were enrolled in
this study. All patients were diagnosed clinically
and histologically as IgA nephropathy. Mean age
was 34.2 £ 115 years ranging from 15 to 64 years.
Sex ratio was (67 male/112 female). Patients were
divided into 4 groups according to Cin, an indicator
of GFR. Group I consisted of patients with a re-
markable reduction of GFR (Cin<30 ml/min/1.48
m?), group II consisted of patients with a moderate
reduction of GFR (30<Cin<60 ml/min/1.48 m*),
group III consisted of a normal GFR (60<Cin<<90
ml/min/148 m®) and group IV consisted of patients
with a high GFR (90< Cin ml/min/1.48 m*). Scyst
levels of 310 healthy volunteers (202 males and 108
females) were also assessed.

Analytical methods

Scyst was measured by latex immunonephelome-
try (Mitsubishi Kagaku Iatron, Inc., Tokyo). Intra-
assay coefficient of variation was less than 10%.
Screat concentrations were assayed by an enzy-
matic method (Iatro LQ CRE, Mitsubishi Kagaku Ia-
tron) . Intra-assay coefficient of variation was less
than 5%. Serum levels of B--microglobulin (B-m) and
ou-microglobulin (ow-m) were measured by using
SPERIOL BMG II and ALPHA I (Diatron Co., To-
kyo).

Assessment of Cin measurement

All GFR measurements were performed in fast-
ing patients. A standard clearance technique was
used for measurement of Cin. After a prime dose of
inulin (Inutest; 25%, Laevosan Gesellschaft, Vienna,
Austria) 64 mg/kg body weight, a continuous intra-
venous infusion of 1-2 mg/kg per min inulin was
given. Urine samples were collected by spontane-
ous micturition at 60-min intervals, and blood sam-
ples were drawn midway between each urine col-
lection period. The baseline GFR corresponds to the
mean values of the two periods. Urine and plasma
concentrations of inulin were measured by using a
fully enzymatic method. The clearance was calcu-
lated as Cin=U X V/Sxdt (U: urinary concentra-
tion, dt: duration of the period, V : urine volume, S:
arithmetic mean of serum concentrations) . Cin
were indexed to 148 m® body surface was calcu-
lated.

15

Histological examination of renal biopsy speci-
mens

All specimens were obtained by the percutane-
ous needle biopsy method. The specimens were
fixed with 10% phosphate-buffered formalin (pH
7.2), embedded in paraffin, and cut into 4 um sec-
tions. Hematoxylin and eosin, periodic acid Schiff
(PAS), silver methenamine, and Masson trichrome
stainings were performed for light microscopy.
FEach specimen was evaluated on glomerular and in-
terstitial changes. The changes were scored semi-
quantitatively by two independent observers with-
out any knowledge of the clinical data. The percent-
ages of glomeruli exhibiting glomerulosclerosis
were estimated. The extent of interstitial fibrosis
was semiquantitatively graded into four categories
according to the proportion of fibrotic lesion to total
cortical area: grade 0, less than 5% of total cortical
area; grade 1, 5-20%; grade 2, 20-40%; and grade 3,
more than 40%. The definition of glomerulosclerosis
includes focal and/or segmental sclerosis of glomer-
uli.

Statistical analysis

All data are expressed as mean * SD. The signifi-
cance of differences between groups was deter-
mined by using Mann-Whitney U test and p value
< 0.05 was considered significant. Pearson’s correla-
tion analysis was used to observe the relationship
between Scyst and other clinical parameters. Sensi-
tivity and specificity of Scyst and Screat were as-
sessed by receiver-operating characteristic (ROC)
curves according to the procedure of Hanley and
McNeil. ROC curves demonstrate the trade-off be-
tween sensitivity and specificity at different values
for each variable. An ideal diagnostic test should
have a cut-off point near the upper left-hand corner
of the graph, at a point where both sensitivity and
specificity are maximized.

Results

Characteristics of Scyst in the normal popula-
tion

Normal population was the healthy volunteers
who had not any laboratory abnormalities without
medication. The upper cut-off values of Scyst and
Screat in our laboratory were 1.0mg/! and 1.3mg/
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Table Markers of GFR in IgA patients

. Group 1 Group I Group I Group IV
Markers (n = 13) (n = 62) (n =79 (n = 25)
Creatinine (mg/dl) 1.67 = 043 1.07 = 0.30 081 = 0.18 0.87 £ 0.27
Cystatin C (mg/D) 1.63 = 0.24 1.06 = 0.21 0.80 = 0.13 0.78 = 0.12
B 2-microglobulin (mg/dl) 3.83 = 1.38 2.14 + 0.85 147 = 042 145 = 051
a1-microglobulin (mg/dl) 4152 = 9.89 26.04 = 691 19.20 = 5.10 19.76 = 6.78
CY(Stat/ig C with Screat and serum levels of B-m and o,-m (Fig.
mg
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| om clero . The
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Fig. 1 Relationship between serum cystatin C and in-
ulin clearance in patients with IgA nephropathy (n=
179)

dl, respectively. The Scyst level was stable for at
least 2 days when stored at room temperature, for
up to 1 weeks at 4 C, at least 1 week at —20 C.

Correlation between Scyst and other GFR
markers in patients with IgA nephropathy

The Scyst levels in the patients ranged from 0.46
to 1.97 mg/1, and Screat levels ranged from 048 to
2.26 mg/dl. Mean values of Scyst and other bio-
chemical markers for different ranges of Cin are
shown in Table. Scyst increased in accordance with
the reduction of renal function.

The relationship between Scyst and Cin is shown
in Fig. 1, indicating the classical curvilinear relation-
ship demonstrated by Scyst and Screat. As shown
in Fig. 2, correlation between the reciprocal Scyst
and Cin (r=0.738, 1/Scyst = 0.0087 X Cin + 0.573)
was higher than that between the reciprocal Screat
and Cin (r=0582), the reciprocal Bm and Cin (r=
0.651) and the reciprocal oz-m and Cin (r=0558).

There was a positive correlation between Scyst
and Screat (r = 0.892, p<0.0001), Scyst and B-m (r=
0.832, p<0.0001), Scyst and ou-m (r=0.846, p<
0.0001) . Scyst levels were significantly correlated

We also compared Scyst and Screat according to
the grade of interstitial fibrosis score. Scyst and
Screat tended to be increased when the extent of
interstitial fibrosis increased (Fig. 5).

ROC analysis for Scyst and Screat in patients
with IgA nephropathy

We chose a cut-off value of 60 ml/min/1.48 m? for
the definition of renal impairment. To assess the di-
agnostic accuracy of the Scyst and Screat in pre-
dicting reduced GFR, we conducted the ROC plots.
We estimated that significant, with a type 1 error
rate, could be taken to be 0.05 (two-tailed) and a
power of 80%. As shown in Fig. 6, the area (0.8698 +
0.0286) under the Scyst curve was significantly
larger than those (0.7955 +0.0348) under the Screat
curve (p=0.0002), demonstrating that the diagnos-
tic accuracy of the Scyst is superior to that of
Screat in identifying individuals with reduced GFR.

Discussion

Screat and creatinine clearance are usually used
in the assessment of GFR. Previous reports have
emphasized the effects of differences among indi-
viduals in the rates of tubular secretion and total re-
nal excretion of creatinine’'®. This hampers the re-
liability of Screat as a marker for GFR. Since the tu-
bular secretion of creatinine increases as the GFR
decreases, Screat systematically underestimates

17)

the severity of the renal disease'. Moreover, a vari-

ety of non-renal events may influence the Screat
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Fig.2 Correlation between inulin clearance (Cin) and reciprocal concentrations of cysta-
tin C (a), creatinine (b), B-microglobulin (¢) and ou-microglobulin (d) in patients with

IgA nephropathy (n=179)

Cyst; cystatin C, Creat; creatinine, B-m; B-microglobulin, ou-m; ou-microglobulin.

levels determined. Drugs, like trimethoprimsulfa
and cimetidine, compare with creatinine related to
tubular secretion® and cause interference in some
procedures for creatinine determination resulting in
spurious high or low creatinine values. Therefore, it
is necessary to determine a serum marker able to
detect renal function impairment, especially at in-
itial phase.

Since cystatin C, a low molecular weight protein,
is produced by all investigated nucleated cells and
its production rate is unaltered in inflammatory
conditions, the measurement of cystatin C for esti-
mating GFR have been studied by several investi-

7~ The wide variation of reference inter-

gators
vals reflects the difficulties of standardizing an im-
munological method. This was thought to be due to
the differences in assignment of values to the cali-

brators, and a reduced bias has been reported re-

cently” ™, However, most of Scyst measurements
have been performed by particle-enhanced immu-
nonephelometry on the nephelometer system. The-
refore, a commercially available kit is required to
detect Scyst by autoanalyzer used for routine labo-
ratory testing.

The present study has demonstrated that meas-
urement of Scyst could be useful to evaluate GFR in
patients with IgA nephropathy. There was a signifi-
cant positive correlation between Scyst and other
GFR markers. However, no significant difference
was detected in the correlation coefficient between
Scyst and glomerulosclerosis rate or Screat and
glomerulosclerosis rate. To evaluate the diagnostic
accuracy of the Scyst and Screat, we conducted
ROC plots and found that the diagnostic accuracy of
the Scyst was superior to that of Screat in the IgA
nephropathy patients studied.
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Fig.3 Correlation between Scyst and serum levels of creatinine (a), B--microglobulin (b)
and ou-microglobulin (c) in patients with IgA nephropathy (n=179)
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Fig.4 Correlation between glomerulosclerosis rate and serum levels of cystatin C (a) and
creatinine (b) in patients with IgA nephropathy (n=179)
Cyst; cystatin C, Creat: creatinine
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Fig. 6 Receiver-operating characteristic (ROC) plots
showing the area under the serum cystatin C curve
and serum creatinine curve in patients with IgA
nephropathy (n=179)

If Scyst is to replace Screat or creatinine clear-
ance as the routine method of choice, it is important
to determine the correlation of results with those
using a reference method. Newman et al' in study-
ing 206 patients with various types of renal disease
demonstrated that the increase in Scyst occurred

earlier than with Screat as the GFR value fell, using
*'Cr-EDTA single injection technique as the refer-
ence method. Tian et al* similarly found that a mild
reduction in GFR was more readily detected by a
change in Scyst than in Screat. In the current study,
we have shown that measurement of Scyst is useful
to detect a mild reduction of GFR in patients with
renal diseases™. However, renal diseases consisted
of glomerular disorders, which showed heterogene-
ous glomerular damages. Therefore, we selected
the patients with IgA nephropathy. This is the first
observation that demonstrates the usefulness of
Scyst measurement using a commercially available
kit in patients with IgA nephropathy. A recent re-
port has shown that the high sensitivity of Scyst
and its diagnostic accuracy at low Screat levels
makes it a good predictor of later renal impairment
in diabetic patients®.

Most of Scyst measurements have been per-
formed by particle-enhanced immunonephelometry
on the nephelometer system. It has limited applica-
tion and is not readily available due to relatively
high initial and maintenance costs in many hospi-
tals. Therefore, this commercially available kit
should be easily used as a routine measurement in
most of hospitals in Japan. Further studies are re-
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quired to test the hypothesis that Scyst measured
by a commercially available kit is superior to useful
to detect a mild reduction of GFR in patients with
homogeneous renal diseases.

In summary, measurement of Scyst may confer
any real advantages over determination of either
Screat of Cin for detection of mild to moderate renal
failure. However, false negatives of either Screat or
Scyst are observed in different subjects. Thus, in
patients with mild to moderate increase in Screat,
Scyst could be used as a confirmation test for diag-
nosis of renal impairment in patients with IgA
nephropathy. Studies in specific populations where
Scyst is known to be a poor marker of GFR, i.e., ede-
matous states, cirrhosis, acute renal failure, or acute
hypercatabolic states must be done to determine
the actual place of this biological marker in clinical
practice.
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IGABEREICHBIBVRAEF L CEILTFZ o OMBREDILE

HRLTERNKSE B2 SNARYE EE: DR 2489
KEPRET - B - WE &S BH AT SR #

IgA BHERE ORIKMEREAME (GFR) O~—A—L LT, YA¥F U/ CLIVT7F=rOmiERE (Scyst vs.
Screat) & B L7z, b, ERRMNB X OWREFIIC IgA BHEL BM SN2 1790 TH 5. FHERIE 342+
115 T, HLiFBMSE : Kik=67:112 Tho/. BEGFRMWEELELT, A1 XY ¥ - 27U T7F YA (Cin) %
HATL,CinfHIC X D&% 4 B (I3 | Cin<30ml/min/148m? II # : 30<Cin<60mi/min/1.48m? III & : 60<
Cin<90ml/min/148m? IV B : 90ml/min/148m?< Cin) (24"} 72. Scyst i3 latex immunonephelometry &,
Screat 1IEHFETHE L7, MO GFREE~Y -7 —& LT, B-3707u7Y Y Bem) & o-Izurzuary
¥ (oum) b FEEFICHEIE L7z, WESZREEL LT, RBREEILE 2 BERMELEEZ /. Scyst B & U Screat
DK v MET7ER, FNFh10me/l & 1.3mg/dl THo7:. Cin & OMHEBREIL, 1/Scyst(r=0.738), 1/Screat
(r=0582), 1/B=m (r=0651) BXU1/ovm (r=0558) T, Scyst T dHEMELE D -7z, Scyst & DAHER
1%, Screat (r=0892), Brm (r=0832) BL P arm (r=0846) LIFIFMETH o7, CinfETLEIIHTT,
Scyst & Screat #EDOZAL & SRERAMEALE B L OHEBAELE L OBRZ LB L7225, AEARBEERIIARES
o7z, Cin=60ml/min % ## & L7 ROC BI#RIZ X B80T Cl, Screat Mi#i FHEME (0.7955+0.0348) 12H L,
Scyst Hi#R T HAF (0.8698 +0.0286) IEAEIZIA < (p=00002) , ZWORFRMEDL X OBREZEIENTWDE T LAY
L7, ShoofR LD, IghA BEICBWTIL, Screat & U Scyst 28 ) IEREIC GFR Z# L L TWB EEZ 5
ni-.
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