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Its Correlation with Clinical and Histopathological Findings
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Abstract

Introduction. To investigate the relationship between serum cystatin C levels and disease activity, renal
function test, and histopathological findings in patients with lupus nephritis that did not receive any
previous treatment.

Methods. 20 patients with lupus nephritis and 20 healthy subjects were included in the study. Before
initiation of spesific treatment, clinical and laboratory findings including serum creatinine, cystatin C,
daily proteinuria and Cockcroft and Gault (C-G) and Modification of Diet in Renal Disease (MDRD)
study equation in adults creatinine clearances (CrCl), as well as histopathological activity and chronicity
indices and systemic lupus erythematosus disease activity index (SLEDAI) were evaluated.
Results.Serum creatinine, cystatin C, C-G and MDRD CrCls in the patients with lupus nephritis and
controls were comparable. Both serum creatinine and cystatin C levels positively correlated with activity
index and SLEDAI. There was a negative correlation between C-G CrCl with activity index and MDRD
CrCl with activity index and SLEDAL

Conclusions.Our findings suggest that in lupus nephritis measuring the cystatin C level before renal
biopsy is performed can not provide a more beneficial predictor than creatinine.
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Introduction

Systemic lupus erythematosus (SLE) is a poor outcome.!? Renal biopsy plays an important
chronic inflammatory disease of unknown cause role in the diagnosis and staging of lupus nephritis
which can affect the skin, joints, kidneys, lungs, Italso guidesthe appropriate selection of treatment
nervous system, serous membranes and/or other especially for high-risk patients.” Glomerular
organs of the body. Renal involvement in SLE is dysfunction is usually more prominent and
a common manifestation and a story predictor of ~ clinically important than tubular dysfunction in
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lupus nephritis. Ideally, glomerular filtration rate
(GFR) should be determined with a method that
is convenient, inexpensive, and accurate. Serum
creatinine is the most widely used screening test
to detect abnormalities of glomerular filtration.* It
is affected not only by GFR, but also by age and
muscle mass.” GFR can be estimated from serum
creatinine using Modification of Diet in Renal
Disease (MDRD) or Cockroft and Gault (C-G)
equations.>® However, these equations have not
been generalizable across all clinical presentation.
For example, the MDRD equation, derived with
chronic kidney disease patients, underestimated
GFR in healthy persons by 29%.” All methods
for estimating GFR have their strengths and
limitations.

Human cystatin C is a 132-amino-acid, 13-kd
cysteine protease inhibitor, which is produced by
all nucleated cells and modulated by intracellular
protein catabolism. Its endogenous production
rate is unaltered during inflammatory processes.?
Serum cystatin C reliably detects renal dysfunction
in patients with various renal disease including
SLE.>!° Cystatin C is a biomarker with significant
advantages over serum creatinine in patients with
extremes in muscle mass, weight, age, and other
areas where estimating equations using creatinine
have well documented limitations.!! Available
data on cystatin C in lupus nephritis are limited-.
There are few studies investigating the relationship
of new kidney biomarkers with disease activity
and damage in lupus nephritis.'?'® The aim of this
study was to investigate the relationship between
serum cystatin C levels with disease activity, other
renal function tests, clinical and histopathological
findings in patients with lupus nephritis who did
not receive any previous treatment.

Methods

Patients hospitalized in our clinic between
1999 and 2003 with newly diagnosed SLE
not being treated with corticosteroids and/or
immunosuppressive therapy, were analyzed.
Patients with bleeding diathesis, single kidney,
acute urinary infection or rapidly progressive
glomerulonephritis were excluded from the study.
The study was performed in accordance with
the Helsinki Human Rights protocol. Written
informed consents were obtained from all patients.

SLE was diagnosed according to the 1982
classification criteria of SLE by the American
College of Rheumatology (ACR).!” A total of 20
caucasion SLE cases who had proteinuria or/and
hematuria were included in the study. Control
subjects were derived from our internal medicine
outpatient clinics and twenty healthy individuals
evaluated. All control subjects underwent a
detailed examination and they had normal
findings.

Before the initiation of treatment, complete
urine analysis, daily urine protein excretion,
whole blood count, coagulation tests, erythrocyte
sedimentation rate, serum urea, creatinine,
electrolytes, total protein, albumin, AST and ALT
levels, serum protein electrophoresis, C-reactive
protein (CRP), immunoglobulin levels, anti-
nuclear antibody (ANA), anti-double-strain DNA
(anti-dsDNA), complement (C) 3 and C4 were
measured for all patients.

Percutaneous renal biopsy was performed
to these patients using a 14-16 G Magnum bard
biopsy needle guided with ultrasonography.
Presence of 10 glomeruli and 2 vessels in the
biopsy materials was considered as sufficient
material. Biopsy materials were treated with
hematoxylin-eozin (HE), periodical acid-Schiff
(PAS), Masson Trichromium (MT), periodical
acid silver methenamine (PAS-M) dyes. All
biopsies were evaluated by light microscopy
and immunofluorescence. According to the
International Society of Nephrology/Renal
Pathology Society Classification (ISN/RPS)
2003 histopathological classification, there were
mesangial proliferative lupus nephritis in 6 patients
(Class II), focal lupus nephritis in 6 patients (Class
I1T), diffuse lupus nephritis in 6 patients (Class IV)
and membranouslupusnephritisin 2 patients (Class
V). Then, each biopsy was calculated for activity
and chronicity indices using a semi quantitative
ranking system.?®?! In these indices glomerular
and tubulointerstitial lesions were ranked as 0
(no lesions), 1, 2 or 3 (+) semi quantitatively. As
activity indices glomerular hypercellularity,
leukocyte exudation, karyorrhexis, fibrinoid
necrosis, cellular crescent, hyaline collection and
interstitial cellular infiltration was evaluated. The
total score was determined using a 24 point scale.
For chronicity indices glomerular sclerosis, fibrous
crescent, tubular atrophy and interstitial fibrosis
were evaluated. The total score was determined
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using a 12 point scale.

The SLE disease activity index (SLEDAI)
was also determined from the clinical and
laboratory data of these cases. Psychosis, organic
brain syndrome, findings associated with vision,
cranial nerve damage, lupus headache, paralysis
and presence of vasculitis 8 points each; arthritis,
myositis, cast, proteinuria and pyuria 4 points
each; new malar rash, alopecia, mucosal lesions,
pleurisy, pericarditis, reduced complement and
increased anti-dsDNA 2 points each; and fever,
thrombocytopenia, leucopenia were assigned 1
point each.?

Creatinine clearance (CrCl) was calculated
with C-G [(140- age) (body weight in kg) / 72 x
serum creatinine (mg/dL) (0.85 if patient was
female)]® and MDRD [186 x [serum creatinine
(mg/dL)|'* x [age]*?® x (0.742 if patient was
female)]® prediction equation for adults formulas.
Serum samples taken before biopsies were kept
at — 55 °C in a deep freezer. Serum cystatin C
levels were measured in a BNII nephelometer
(Dade Behring Inc, Germany) using a particle-
enhanced immunonepholometric assay (N Latex
Cystatin-C). Normal ranges for male and female
were 0.57 to 0.96 mg/L and 0.50 to 0.96 mg/L,
respectively.

All statistical analysis was done with statistical
programme of SPSS 13.0 software (SPSS Inc.,
Chicago, IL, USA). Clinical and laboratory data
were expressed as meant SD. By taking variability
skewness (a3) and curtosis (a4) values into account
the non-parametric and parametric test options
were evaluated. The numerical variables of patients
with lupus nephritis and controls were compared

Table 1. The comparison of demographic features an
nephritis and controls*

with unpaired student t test or Mann-Whitney
U test. For comparisons of ratios in both groups,
Fisher exact test was used. Correlations between
numerical variables were tested by the Pearson
rank correlation test (r = correlation coefficient).
p<0.05 was considered statistically significant.

Results

The age, gender distribution, serum creatinine,
cystatin C and C-G and MDRD CrCls in the
patients with lupus nephritis and controls were
similar (p>0.05, Table 1). 12 patients (60%)
had malar rash, 7 (35%) discoid rash, 7 (35%)
photosensitivity, 6 (30%) oral ulcers, 9 (45%)
arthropathy, 2 (10%) serositis, 1 (5%) neurological,
8 (40%) hematological disorder, 20 (100%) renal
disorder, 16 (80%) immunologic disorder and
18 (90%) abnormal titer of ANA. In all patients
with lupus nephritis, CRP levels were 0.86 mg/
dL (range: 0.5-3.8), activity indices 6.1 (0-16),
chronicity indices 0.7 (0-3) and SLEDAI 14.7 (5-30).
The correlation analysis between all parameters of
20 lupus nephritis patients was performed (Table
2).

The serum creatinine values negatively
correlated with C-G and MDRD CrCls and
positively correlated with cystatin C (Figure
la), activity indices and SLEDAI. There was
a positive relationship between serum cystatin
C with activity index (Figure 1b) and SLEDAI
(Figure 1c), but not C-G and MDRD CrCls.
There was a negative correlation between C-G
CrCl with activity index and MDRD CrCl with

d renal function parameters in patients with lupus

Lupus nephritis (n:20) Control (n:20)

Age (year) 326t11.1 295+73
Gender (male/female) 2/18 2/18
BMI (kg/m?) 23.0+£34 23.1+43
Creatinine (mg/dL) 0.85+0.3 0.79£0.1
Cystatin C (mg/L) 0.97£0.5 0.76 £ 0.08
C-G CrCl (mL/min) 100.1 £ 31 112 £35
MDRD CrCl (mL/min) 93 £ 28 109 + 29

BMI: body mass index, CrCl: creatinine clearence, C-G: Cockcroft and Gault, MDRD: Modification of
Diet in Renal Disease study equation in adults. * p>0.05
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Table 2. The correlations of clinical and histopathological findings with renal function parameters in
the lupus nephritis patients

. C-G MDRD Activity  Chronicity
Cystatin C CrCl CrCl Index index SLEDAI
Creatinine r 0.686 -0.792 -0.827 0.547 0.029 0.526
p 0.001 0.001 0.001 0.013 0.902 0.017
Cystatin C r -0.434 -0.387 0.459 0.028 0.489
p 0.056 0.09 0.042 0.907 0.029
C-G CrCl r 0.876 -0.573 0.085 -0.309
p 0.001 0.008 0.721 0.186
MDRD r -0.497 0.155 0.457
CrCl p 0.026 0.515 0.043

CrCl: creatinine clearance, C-G: Cockcroft and Gault, MDRD: Modification of Diet in Renal Disease
study equation in adults, SLEDAI: Systemic lupus erythematosus disease activity index.
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Figure 1. Correlations between serum Cystatin C with creatinine (a) activity index (b) and SLEDAI (¢) in the
patients with lupus nephritis
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activity index and SLEDAI. These renal functions
parameters did not correlate with CRP levels and
daily protein excretions.

Discussion

There is a strong correlation between serum
creatinine and cystatin C. Cystatin C has been
proposed as an indicator of GFR with a higher
diagnostic efficacy than serum creatinine.?*?
Its concentration appears to be independent
of gender, age, nutrition, medications or body
mass.>?* However, in at least one general
population study, cystatin C was found to be
influenced by several factors age, gender body size
and cigarette smoking independent from CrCL.%
Recent studies have shown that serum cystatin
C can be used as an accurate marker of GFR in
diabetic and nondiabetic patients.”!*?* However,
C-G CrCl remained the best marker of renal
function in diabetic patients when compared Cr-
EDTA and other parameters such as cystatin C
and creatinine.!® A large number of studies favor
cystatin C over serum creatinine for estimation of
GFR, but not all.?®

A study that was performed in 226 patients
with various nephropaties except SLE showed
that serum cystatin C was at least as efficacous as
serum creatinine in detecting a reduced GFR as
measured by CrCL.? Serum cystatin C levels were
found to be higher in SLE patients than in healthy
controls and in SLE patients with a history of lupus
nephritis than those without a history of nephritis.
In the same study, serum cystatin C correlated
positively with serum creatinine, and inversely
to renal measures such as the modified C-G and
MDRD equations. In the multivariate analysis,
age, serum creatinine and high-sensitivity CRP
was independently associated with serum cystatin
C.% Reciprocal of serum cystatin C also was well
correlated with GFR obtained by the standard
sodium thiosulfate clearance test [C(Thio)]. A
study of 212 patients with various renal diseases all
histopathologically proven by renal biopsy showed
that no factors other than C(Thio) affected serum
cystatin C concentrations, whereas age, SLE,
dosage of daily prednisolone and CRP affected beta
2-microglobulin concentrations, and both gender
and dosage of daily prednisolone affected serum
creatinine concentrations.’ It is unclear whether
glucocorticoid therapy affects serum cystatin C

levels in lupus nephritis patients. The recent study
have not observed such interference in the lupus
nephritis patients submitted to corticotherapy.’!
The measurements of our patients with SLE
were taken at the time of diagnosis before specific
treatment was initiated.

One of the main purposes of GFR estimation
in clinical practice is to screen for patients with
mild renal disfunction. A recent study in patients
with different stages of chronic kidney disease
indicated that serum cystatin C was reliable
marker of GFR in patients with decreased GFR.*
Serum cystatin C was find more efficacious than
serum creatinine and CrCl in detecting reduced
GFR in type 2 diabetic patients.®* The serum
cystatin C concentrations can be determined from
a single blood sample making this parameter a
reliable screening measure for identifying patients
with subclinical renal failure. Tomino et al.*
showed that the level of serum cystatin C were
statistically correlated with the prognostic stages
of patients with IgA nephropathy prior to renal
biopsy in contrast with serum creatinine and CrCL.
The present study did not suggest that cystatin
C could be more useful to detect impaired renal
function in lupus nephritis, although the size of
lupus nephritis groups were too small to make
any definite conclusion. Indeed, the use of serum
creatinine-based equations rather than GFR as the
gold standart in this study limits its conclusions.
Also we did not compare the renal function
parameters of patients in different stages due to
the small number of patients we studied in each
class. In a large case-control study including 334
patients with active lupus nephritis, 255 patients
with inactive lupus nephritis and 497 healthy
individuals, estimated GFR cystatin-C (MDRD)
and Clq were superior to the conventional
biomarkers urea, creatinine and estimated
GFR creatinine in the diagnosis of active lupus
nephritis.*®> Although beta 2-microglobulin/serum
creatinine index is a prognostic factor predicting
active lupus, beta 2-microglobulin/cystatin C
index has no added benefit in the assessment of
renal activity in SLE.3

Although the aforementioned studies have
tested the correlation between serum cystatin
C and other renal function tests, most of these
studies have not evaluated the relationship of renal
markers with clinical and histapatological activity
findings in patients with lupus nephritis. We studied
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the correlation between renal function tests with
SLEDAI and histapathological activity indices.
Serum cystatin C, creatinine and CrCl equations
correlated with activity indices and SLEDAI
(except C-G CrCl), but not chronicity indices.
Confounding factors associated with cystatin C
could lead to inaccurate GFR estimations in lupus
nephritis patients. A recent study showed 19%
higher GFR at the same cystatin C level among
kidney transplant recipients compared to native
kidney disease patients.’’” They suggested that the
responsible mechanism could be increased cystatin
C production from systemic inflammation or use
of immunosuppression therapy in this population.
Kidney dysfunction is known to be associated with
elevations in inflammatory biomarkers. Knight
et al.?’” found that cystatin C was associated with
CRP even after adjustment for CrCl, implying
that the protein cystatin C had some biologic link
to inflammation. A recent study found that CRP
and fibrinogen levels were linearly associated with
quintiles of cystatin C in elderly.*® In our study
cystatin C levels did not correlate with CRP levels
in our untreated newly diagnosed lupus nephritis
patients. SLE could influence serum cystatin
C, but its levels were comparable patients with
lupus nephritis and healthy subjects. It has been
reported associations between anti-CRP and and
histopathological activity or disease activity in
lupus nephritis.*

The results of recent studies on new serum
and urine biomarkers in patients with SLE
are promising. Among all urinary markers,
urinary clusterin is better marker at predicting
end-stage renal disease than others (albumin,
beta 2-microglobulin, cystatin C, kidney injury
molecule-1, monocyte chemoattractant protein-1,
calbindin, interleukin-18, neutrophil gelatinase-
associated lipocalin, trefoil factor 3, osteopontin,
and glutathione S-transferase). Interestingly,
elevation of urinary clusterin likely resulted from
local over-expression in tubulointerstitial tissue.*
In other study, novel urinary cytokines and
chemokines (urinary monocyte chemoattractant
protein 1 and tumor necrosis factor-like weak
inducer of apoptosis) possess higher correlation
coefficients with renal damage than traditional
serum or urinary markers (urinary alpha
I-microgrobulin, beta 2-microglobulin and serum
C3, C4, creatinine, blood urea nitrogen and cystatin
C) in lupus nephritis.*! There was a significant

increase in serum cystatin C, urinary neutrophil
gelatinase-associated lipocalin (UNGAL) and
N-acetyl-beta-D-glucosaminidase (UNAG) levels
in adult SLE patients compared with controls.
Serum cystatin C significantly correlated with the
damage index, renal biopsy class and negatively
with the serum albumin; UNGAL correlated with
albuminuria and the level of nephritis and UNAG
negatively correlated with serum albumin level.*?

Conclusions

Cystatin C is an important endogenous
filtration marker that is being considered as
a potential replacement for serum creatinine.
Measurement of serum cystatin C level other than
creatinine before renal biopsy in lupus nephritis
patients did not provide more advantage for the
prediction of histopathological activity index as
well as SLEDAI. However, it is currently more
expensive to measure cystatin C than creatinine, so
it is not widely used as a GFR marker in most of
the countries. Further prospective studies should
focus on whether serum cystatin C correlates with
long-term renal outcome better than chemical
methods for assessing kidney function in patients
with various renal diseases including SLE.
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