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Abstract

Introduction: Although renal pathology is highly predictive of the disease course in lupus nephritis, it cannot be
performed serially because of its invasive nature and associated morbidity. The goal of this study is to investigate
whether urinary levels of CXC ligand 16 (CXCL16), monocyte chemotactic protein-1 (MCP-1) or vascular cell
adhesion molecule-1 (VCAM-1) in patients with lupus nephritis are predictive of particular features of renal
pathology in renal biopsies obtained on the day of urine procurement.

Methods: CXCL16, MCP-1, and VCAM-1 levels were measured in urine samples from 74 lupus nephritis patients
and 13 healthy volunteers. Of the patients enrolled, 24 patients had a concomitant kidney biopsy performed at the
time of urine collection. In addition, patients with other renal diatheses were also included as controls.

Results: All three molecules were elevated in the urine of systemic lupus erythematosus patients, although VCAM-
1 (area under curve = 0.92) and MCP-1 (area under curve = 0.87) were best at distinguishing the systemic lupus
erythematosus samples from the healthy controls, and were also most strongly associated with clinical disease
severity and active renal disease. For patients in whom concurrent renal biopsies had also been performed, urine
VCAM-1 exhibited the strongest association with the renal pathology activity index and glomerulonephritis class IV,
although it correlated negatively with the chronicity index. Interestingly, urinary VCAM-1 was also elevated in anti-
neutrophil cytoplasmic antibodies-associated glomerulonephritis, focal segmental glomerulosclerosis and
membranous nephropathy but not in minimal-change disease.

Conclusion: Urinary VCAM-1 emerges as a reliable indicator of the activity:chronicity ratios that mark the
underlying renal pathology in lupus nephritis. Since VCAM-1 is involved in the acute phase of inflammation when
leukocytic infiltration is ongoing, longitudinal studies are warranted to establish whether tracking urine VCAM-1
levels may help monitor clinical and pathological disease activity over time.

Introduction
Systemic lupus erythematosus (SLE) is a prototypic
autoimmune disease with the potential to affect a variety
of end organs. Lupus nephritis (LN) is one of the most
frequent manifestations of SLE and can be present in
60% of SLE patients [1]. LN is associated with significant
morbidity and mortality and is the most common sec-
ondary glomerulonephritis leading to end-stage renal
disease [2]. Patients with end-stage renal disease require

supportive therapy with dialysis or need to undergo
renal transplantation, amounting to a huge burden on
our healthcare system. Early diagnosis and prompt treat-
ment of LN is associated with significantly better out-
come [3]. Kidney biopsy remains the mainstay of LN
diagnosis and is usually prompted by an abnormal urin-
ary sediment, proteinuria or elevated serum creatinine.
These markers are crude and do not always correlate
with histopathological diagnosis. The same markers are
used to assess treatment response as well as to detect
nephritic flares but they are not very accurate and do
not match the predictive value of a kidney biopsy. Renal
damage is known to precede the appearance of protei-
nuria, elevation of serum creatinine or abnormal urine
sediment. This leads to a delay in diagnosis of and
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instituting treatment of LN or its flares and the assess-
ment of treatment response, thus contributing to signifi-
cant morbidity and mortality [4,5]. There is hence an
urgent need for the identification of surrogate biomar-
kers that closely parallel renal pathology in lupus and
will prompt us to perform a renal biopsy early in the
course of disease so that induction therapy can be insti-
tuted promptly.
Several studies of murine models of LN as well as stu-

dies in SLE patients have uncovered a number of poten-
tial disease biomarkers - including chemokines,
cytokines and adhesion molecules - that may correlate
well with LN [6-9]. However, few of these studies have
attempted to correlate the urinary biomarker levels with
concurrent renal pathology [6-12]. This study was
designed to address this knowledge gap, with a focus on
three promising biomarkers.
Monocyte chemotactic protein-1 (MCP-1), vascular

cell adhesion molecule-1 (VCAM-1) and CXC ligand 16
(CXCL16) have been documented to be increased within
the kidneys, sera and urine of SLE patients and seem to
correlate with disease activity, although their clinical uti-
lity in predicting disease activity in LN remains to be
fully established [6,7,9,12-15]. MCP-1 is a chemotactic
factor involved in leukocyte recruitment to the kidney.
In a murine model of LN, MRL.lpr mice engineered to
lack MCP-1 or subjected to pharmacological blockade
of MCP-1 exhibited prolonged survival with reduced
renal damage [16]. Moreover, urinary MCP-1 levels have
been shown to be elevated in patients with active LN at
the time of renal flares, and these levels tend to recede
with successful treatment of LN [6,12,14]. Furthermore,
increased glomerular expression of MCP-1 appears to
be predictive of poor renal prognosis in pediatric LN
[17].
VCAM-1 is an adhesion molecule involved in the

migration and recruitment of inflammatory cells
through its interaction with an integrin (very late anti-
gen-4) present on infiltrating leukocytes. In murine
lupus, VCAM-1 has been shown to be hyperexpressed
in the endothelium, in the glomeruli and in the tubules
of MRL.lpr mice [18], as well as on myeloid cells in
mice bearing particular lupus susceptibility loci [19].
The production of VCAM-1 as well as serum levels of
this molecule are increased in patients with SLE [20],
and this is even more pronounced in LN, particularly in
proliferative class III and class IV LN [10,11]. Further-
more, the urinary levels of VCAM-1 are also increased
in SLE and LN patients, and tend to correlate with var-
ious activity parameters [13,21]. Finally, the documented
urinary enrichment of VCAM-1 relative to the serum
levels suggests it may be partly renal in origin [9]. Simi-
larly, we have previously documented that the serum
and urine levels of the chemokine CXCL16 are also

increased in human SLE as well as in murine lupus,
with increased expression being observed within the kid-
neys [9]. An independent report has noted the increased
gene upregulation of CXCL16 in murine LN [22].
Urinary MCP-1, VCAM-1 and CXCL16 thus emerge

as promising markers of LN, with independent confir-
mation of these findings by two or more groups. How-
ever, few studies have been designed to assess urinary
biomarker levels in relation to the status of concurrent
renal pathology in LN. To address this lack of data, 74
SLE patients with biopsy-proven LN seen at UT South-
western Medical Center, Dallas, TX, USA were studied
for urinary levels of MCP-1, CXCL16 and VCAM-1. Of
these, 24 patients had urine samples drawn at the same
time as the renal biopsy was performed. This offered us
the unique opportunity to identify the markers that
were most predictive of the class of glomerulopathy as
well as renal pathology activity/chronicity indices in LN.
In addition, we also included as controls patients with
anti-neutrophil cytoplasmic antibodies-associated glo-
merulonephritis (ANCA-GN), focal segmental glomeru-
losclerosis (FSGS), membranous nephropathy and
minimal-change disease, in order to assess the specificity
of any observed associations with LN.

Materials and methods
Study subjects
The study was approved by the UT Southwestern Insti-
tutional Review Board. Patients with LN who were fol-
lowed up at the outpatient clinic or were hospitalized at
UT Southwestern Medical Center were consented and
enrolled in the study if they had biopsy-proven LN dur-
ing the course of their follow-up. Included were subjects
who underwent kidney biopsy during the study enroll-
ment period, before they were started on immunosup-
pressive treatment for their LN.
SLE disease activity at the time of sample procure-

ment was calculated using the SELENA Systemic Lupus
Erythematosus Disease Activity Index (SLEDAI) [23].
Renal SLEDAI refers to the total of all renal compo-
nents used to calculate the SLEDAI. Patients with renal
SLEDAI > 0 (that is, patients with hematuria, pyuria,
proteinuria or red blood cell casts) were therefore classi-
fied as having active renal SLE. Patient characteristics
are detailed in Table 1. Although the renal pathology
glomerulonephritis class is detailed for all patients in
Table 1, only 24 of the biopsies were captured on the
day of urine procurement for the biomarker assays.
Samples were also obtained from healthy volunteers as a
control group, with an average age of 37 (not signifi-
cantly different from that of the SLE patients), compris-
ing 31% females, 92% Asians and 8% Caucasians. In
addition, samples were also obtained from 22 patients
with other glomerular diseases: six patients with ANCA-
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GN (two females, age 52 to 64 years, median protein:
creatinine ratio 1.44 mg/mg, serum creatinine 0.95 to
3.82 mg/dl), six patients with FSGS (two females, age 19
to 50 years, median protein:creatinine ratio 3.02 mg/mg,
serum creatinine 0.55 to 3.96 mg/dl), three patients with
minimal change disease (one female, age 24 to 53 years,
protein:creatinine ratio 0.03 to 0.24 mg/mg, serum crea-
tinine 0.48 to 0.94 mg/dl), and seven patients with
membranous nephropathy (seven males, age 23 to 60
years, median protein:creatinine ratio 1.08 mg/mg,
serum creatinine 0.83 to 2.95 mg/dl). After obtaining
written consent, urine samples were collected, aliquoted
and frozen at -20°C.

Biomarker assays
ELISA kits for assaying MCP-1, CXCL16 or VCAM-1
were purchased from R&D Laboratories (Minneapolis,
Minnesota, USA) or Cayman Chemicals (Ann Arbor,
Michigan, USA) and were used as indicated by the man-
ufacturer (human CXCL16 Duo Set, catalog number
DY1164; human VCAM1 Duo Set, catalog number
DY809; human MCP1 DY 279 and creatinine assay kit,

catalog number 500701). All urine samples were diluted
1:1 or more for the ELISA, and the concentrations of
the respective molecules were ascertained from standard
curves constructed using manufacturer-supplied stan-
dards. The urine protein:creatinine ratio was used as an
estimate of 24-hour proteinuria, and the urinary levels
of all three molecules assayed were normalized against
the corresponding urine creatinine levels.

Renal pathology
Renal pathology was reported using the standardized
International Society of Nephrology/Renal Pathological
Society classification [24]. In addition, the activity index
(AI) and the chronicity index (CI) were calculated in all
kidney biopsies exhibiting class III or class IV LN using
well-established guidelines [25]. The histological para-
meters used to calculate composite scores for the AI
were cellular crescents, fibrinoid necrosis and karyor-
rhexis, endocapillary proliferation, leukocytic exudation,
hyaline deposits and interstitial infiltration. Each feature,
if present, contributed a score of 3, except fibrinoid
necrosis and crescents that were weighted twice as

Table 1 Demographics and clinical characteristics

Nonactive disease Active disease Total

Patients 14 60 74

Age (years) 37.5 (26.2 to 37.5) 34.0 (28.0 to 40.0) 35.0 (27.5 to 42.0)

Female/male 11/3 52/8 63/11

Race: African American, Hispanic, White 7, 7, 0 26, 27, 7 33, 34, 7

SLEDAI 2 (0 to 5.25) 10 (4 to 17) 10 (4 to 16)

Renal SLEDAI 0 8 (4 to 8) 4 (4 to 8)

Renal pathology

World Health Organization classification

II 4 8 12

III 1 16 17

IV 3 25 28

V 6 7 13

Unknown 0 3 3

Protein:creatinine ratio 0.190 ± 0.040 1.536 ± 0.229* 1.278 ± 0.195

Serum creatinine 1.422 ± 0.403 1.738 ± 0.191 1.677 ± 0.172

Positive anti-dsDNA (total tested) 4 (11) 30 (50) 34 (61)

Hypocomplementemia (total tested) 9 (11) 35 (46) 44 (57)

Current medications

Prednisone 10 47 57

Mycophenolic acid 5 24 29

Cyclophosphamide 0 3 3

Azathioprine 2 3 5

Methotrexate 1 1 2

Cyclosporin A 0 1 1

Angiotensin blocking agents 9 32 41

Hydrochloroquine 7 26 33

Data presented as n, median (interquartile range) or mean ± standard error. Nonactive disease, renal Systemic Lupus Erythematosus Disease Activity Index
(SLEDAI) = 0; active disease, renal SLEDAI > 0. dsDNA, double-stranded DNA. *P < 0.01, active versus nonactive.
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much; hence the maximum possible score is 24. The CI
was scored based on the presence of glomerular sclero-
sis, fibrous crescents, interstitial fibrosis and tubular
atrophy. The maximum possible score is 12 since each
morphological parameter contributes 3 points to the
index. Although the renal pathology glomerulonephritis
class is detailed for all patients in Table 1, only 24 of
the biopsies were captured on the day of urine procure-
ment for the biomarker assays.

Biostatistical analysis
Groups were compared against each other using the
Student’s t test where the data were normally distribu-
ted. Otherwise, the nonparametric Mann-Whitney U
test was used. Statistical tests including correlation coef-
ficients (R) were calculated using Graph Pad Prism. P <
0.05 was considered significant.

Results
There were 74 LN patients, 13 healthy volunteers and
22 disease controls enrolled in this study. One patient
was excluded since he had progressed to end-stage renal
disease and was on dialysis at the time of sample pro-
curement. There were 12 males and 61 females. Thirty-
three participants were African Americans and 33 parti-
cipants were Hispanics, with the remaining seven being
whites. All patient characteristics are detailed in Table
1. The mean age at the time of study participation was
35.7 years. Of the patients enrolled, 24 patients had a
concomitant kidney biopsy performed at the time of
urine collection. Urine samples were collected before
initiating any new immunosuppressant therapy for their
LN. Among these 24 patients, four patients were diag-
nosed with class II LN, five patients with class III LN,
11 patients with class IV LN, and the remaining four
patients were classified as having class V LN. The
results were analyzed in two phases.
In the first phase we examined the urine biomarker

levels in all 73 SLE patients studied, in relation to var-
ious clinical parameters, regardless of when the kidney
biopsy was carried out. Among the 73 SLE patients, the
mean 24-hour urine protein:creatinine ratio was 1.28 ±
0.195 and the mean creatinine-normalized VCAM-1
level was 43,360 ± 5,518 pg/mg. Both markers correlated
well with each other (R = 0.82, P < 0.0001). Although
both urinary MCP-1 (mean 542.9 ± 183.5 pg/mg) and
CXCL16 (mean 24.8 ± 6.19 pg/mg) were significantly
correlated with proteinuria, the correlation was smaller
compared with that for urinary VCAM-1 (r = 0.73, P <
0.0001 and r = 0.24, P = 0.02 for MCP-1 and CXCL16,
respectively). Although all three molecules were elevated
in the urine of SLE patients, they showed interesting dif-
ferences particularly when the patients were segregated
based on ethnicity (Figure 1). Whereas CXCL16 and

VCAM-1 were elevated in all ethnic groups examined,
MCP-1 was elevated most prominently among the Afri-
can American subjects (Figure 1A, B, C). Overall, urine
VCAM-1 (area under curve = 0.92) and MCP-1 (area
under curve = 0.87) were better in distinguishing the
SLE samples from the healthy control samples (Figure
1D).
The levels of these four markers were then examined

after segregating the patients based on whether or not
they had active renal disease (Table 1). Importantly,
patients with active renal disease exhibited statistically
significantly higher mean levels of creatinine-normalized
MCP-1 and VCAM-1, compared with the other SLE
patients (Figure 2B, C); in contrast, urine CXCL16 was
not as discriminatory (Figure 2A). The urine protein:
creatinine ratios also demonstrated a similar trend, with
mean values in active renal SLE, nonactive renal SLE
and healthy volunteers being 1.66 ± 0.26, 0.57 ± 0.15
and 0.0045 ± 0.008, respectively (Figure 2D). Similarly,
when the urine levels of the three markers were ana-
lyzed in relation to the SLEDAI disease activity score,
creatinine-normalized MCP-1 and VCAM-1 exhibited
statistically significant correlations with the SLEDAI,
unlike urine CXCL16 (Figure 3).
To evaluate whether concurrent medications might

impact the level of these urinary markers, we first exam-
ined whether the medications used were different
between the patients with active nephritis and the
patients without. As shown in Table 1, the proportions
of patients on immunosuppressants, angiotensin-block-
ing agents or hydrochloroquine were not significantly
different between these two groups. We then subdivided
each group (active nephritis or nonactive nephritis) into
two subgroups - those who received each of the medica-
tions listed in Table 1, and those who were not on that
specific medication - and compared the levels of these
makers between the subgroups, within active patients or
nonactive patients, respectively. The only statistically
significant difference seen was in the active nephritis
group: mean MCP-1 levels in three patients who
received cyclophosphomide were lower than those who
did not receive it (P = 0.03). Among the nonactive
nephritis patients, therefore, VCAM-1, CXCL16 and
MCP-1 levels and the urine protein:creatinine ratio were
not different between the patients who received a speci-
fic medication and those who did not. Likewise, among
active nephritis patients, VCAM-1 and CXCL16 levels
as well as the urine protein:creatinine ratio were not dif-
ferent between the patients who received a specific med-
ication and those who did not.
A second phase of analysis was carried out, focusing on

a unique subset of the recruited LN patients. Since the
urine samples for 24 of the participating subjects were
obtained at the time of kidney biopsy, we correlated the
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renal pathology with the corresponding levels of the
assayed markers. When the urinary levels of the three
molecules in patients with class IV LN were compared
against the corresponding levels in patients with other
classes of LN, all three markers exhibited higher levels in
class IV LN and tended to differentiate this class from
other classes of LN (Figure 4), with the differences for
CXCL16 and VCAM-1 attaining statistical significance.
Since the renal pathology specimens from the patients
who had class III/IV LN were also scored for the AI and
the CI, this allowed us to examine whether the urine
levels of the markers were particularly associated with
activity changes or chronicity changes. The mean AI and
CI scores for the class III + IV LN patients were 13.375
and 2.79, respectively. The urinary expression levels of
the three study molecules correlated positively with the
AI, although statistical significance was seen only
for urine creatinine-normalized VCAM-1 (Figure 5).

Similarly, when correlated against the CI, all three mar-
kers correlated negatively with this pathological index
(Figure 5). VCAM-1 thus emerges as the urinary mole-
cule that is best associated with class IV LN as well as
concurrent renal pathology activity in SLE patients.
Finally, we wanted to assess the disease specificity of

urinary VCAM-1. Although our data clearly indicate
that patients with active LN had the highest levels of
urinary VCAM-1, whether other types of inflammatory
or non-inflammatory nephropathies may also be asso-
ciated with elevated VCAM-1 levels is unclear. Interest-
ingly, the urinary levels of VCAM-1 in patients with
ANCA-GN, FSGS and membranous nephropathy were
not statistically different from the urine levels of
VCAM-1 in patients with active LN (Figure 6). In con-
trast, patients with minimal-change disease had low
levels of VCAM-1, comparable with those found in the
healthy controls.

AUC
CXCL16: 0.53
MCP1: 0.87
VCAM1: 0.92

B

D

A
P = 0.0039

C

Figure 1 Elevated levels of urine CXCL16, MCP-1 and VCAM-1 in patients with lupus nephritis. (A) Creatinine (Cr)-normalized urine levels
of CXC ligand 16 (CXCL16), (B) monocyte chemotactic protein-1 (MCP-1), and (C) vascular cell adhesion molecule-1 (VCAM-1) in systemic lupus
erythematosus (SLE) patients (n = 73) and healthy controls (n = 13), segregated according to their ethnicity (AA, African American). (D) Receiver
operating characteristic curves relating the specificity and sensitivity profiles of the three urinary molecules. AUC, area under curve.
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Discussion
The management of LN remains an intricate problem
[26,27] since the markers currently used to prompt a
kidney biopsy or to predict treatment response or
nephritic flare-ups are inaccurate and tend to delay the
diagnosis and further interventions [5,28]. Moreover,
patients with silent LN may not exhibit abnormalities
of traditionally used markers such as urinary sediment,
proteinuria or serum creatinine [29-31]. Similarly, the
elevation of markers such as proteinuria may not
always reflect disease activity in the kidney [32].
Furthermore, currently used markers may not accu-
rately differentiate between active LN and damaged
kidney from past inflammation. There is therefore an
urgent need for better markers that can overcome the
shortcomings associated with the monitoring of serum
creatinine, the urine protein:creatinine ratio and

urinary sediment. In the present study, we examined
the disease relevance of three previously reported
emerging biomarkers - urinary VCAM-1, MCP-1 and
CXCL16 - in relation to the more traditionally used
clinical parameters and renal pathology indices. The
study population is unique since all patients had kidney
biopsy performed at some stage during follow-up, with
24 of the patients having a renal biopsy at the time of
sample collection. When compared against 24-hour
estimated proteinuria, all three molecules exhibited sig-
nificant correlation but VCAM-1 and MCP-1 showed
the strongest correlation. Importantly, urinary VCAM-
1 and MCP-1 levels were significantly elevated in the
active renal disease group as compared with healthy
controls and patients with inactive renal disease. The
same pattern was observed when the markers were cor-
related against SLEDAI disease activity scores - both

Healthy              SLE                  SLE
Nephritis     - - +

Healthy            SLE                SLE
Nephritis     - - +

Healthy             SLE                SLE
Nephritis     - - +

Healthy             SLE                 SLE
Nephritis     - - +

Singh, et al., Fig. 2

Figure 2 Elevated levels of urine CXCL16, MCP-1 and VCAM-1 in patients with active disease. (A) Creatinine (Cr)-normalized urine levels
of CXC ligand 16 (CXCL16), (B) monocyte chemotactic protein-1 (MCP-1), (C) vascular cell adhesion molecule-1 (VCAM-1) and (D) protein in
systemic lupus erythematosus (SLE) patients with inactive disease (n = 14), active renal disease (n = 59) and healthy controls (n = 13). Each dot
represents one individual.
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urinary MCP-1 and VCAM-1 demonstrated strong cor-
relation with disease activity.
When the urinary levels of the three molecules were

analyzed in patients who had a concurrent kidney
biopsy performed, the levels of all three molecules were

elevated in class IV LN and tended to differentiate class
IV patients from the subjects with other classes of LN,
again with VCAM-1 being the most discriminatory. This
is an important finding since class IV LN has ominous
prognosis, warranting prompt and aggressive treatment.
An interesting finding emerged when we examined the
relationship of these markers against the corresponding
renal pathology AI in concurrently performed renal
biopsies. All three molecules correlated positively with
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(Cr)-normalized urine levels of CXC ligand 16 (CXCL16), monocyte
chemotactic protein-1 (MCP-1) and vascular cell adhesion molecule-
1 (VCAM-1) in systemic lupus erythematosus patients (n = 73) in
relation to their disease activity, as scored by their (global) Systemic
Lupus Erythematosus Disease Activity Index (SLEDAI). R, correlation
coefficient.
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chemotactic protein-1 (MCP-1) and vascular cell adhesion molecule-1
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class IV GN compared with all other GN classes.

Singh et al. Arthritis Research & Therapy 2012, 14:R164
http://arthritis-research.com/content/14/4/R164

Page 7 of 11



the AI, but only the correlation for urine VCAM-1 was
statistically significant. Since the AI signifies severe but
potentially reversible inflammation, this is an important
finding with respect to disease monitoring and treat-
ment. Similarly, all three markers showed a trend
towards a negative correlation with CI - high chronicity
indices denote late-stage fibrosis, minimal inflammation

and irreversible damage to the kidney, all of which bode
poorly even with treatment.
Taken together, these findings suggest that urinary

VCAM-1 may be a reliable indicator of the activity:
chronicity ratios that mark the underlying renal pathol-
ogy in LN. In comparison with VCAM-1, urine MCP-1
performed modestly in its predictive capacity while
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Figure 5 Elevated urine CXCL16, MCP-1 and VCAM-1 and correlation to renal pathology activity and chronicity indices. Creatinine (Cr)-
normalized urine levels of CXC ligand 16 (CXCL16), monocyte chemotactic protein-1 (MCP-1) and vascular cell adhesion molecule-1 (VCAM-1) in
systemic lupus erythematosus patients (n = 24), correlated according to the activity index (left) and chronicity index (right) that was scored in a
concurrent renal biopsy specimen obtained at the time of urine procurement. NS, not significant; R, correlation coefficient.
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CXCL16 was even less promising as a disease marker.
VCAM-1 is an important adhesion molecule involved in
the key process of leukocytic migration into the kidneys.
Leukocytic infiltration is a hallmark of severe renal dis-
ease and one of the morphological features contributing
to the elevated AI in LN. Since LN is involved in the
acute phase of inflammation when leukocytic infiltration
is ongoing and since VCAM-1 levels are likely to recede
with reduced activity and when chronicity sets in, track-
ing VCAM-1 levels longitudinally may help monitor dis-
ease activity over time.
However, our findings indicate that elevated urinary

VCAM-1 is not specific for SLE; rather, it appears to be a
marker of renal injury, since the levels are also elevated in
other types of inflammatory nephritis (for example,
ANCA-GN) as well as nephropathies not typically asso-
ciated with inflammation (for example, FSGS). Although
the numbers of each type of renal disease control are
rather limited, and are not completely matched with the
LN patients with respect to renal function, age or gender,
these preliminary findings warrant a more thorough inves-
tigation of urinary VCAM-1 levels in other renal diatheses.
In addition, the clinical utility of using urine VCAM-1 to
track disease progression in ANCA-GN, FSGS and mem-
branous nephropathy should also be carefully examined in
future studies. To this end, the increased expression of
VCAM-1 either within the kidneys or in the urine has

already been documented previously in patients with
ANCA-GN, FSGS and membranous nephropathy, in reso-
nance with our findings [33-36]. Interestingly, the level of
VCAM-1 expression appears to correlate with the degree
of disease in ANCA-GN and FSGS [33,36].
The clinical use of urinary VCAM-1 clearly must be

coupled with a second marker that can accurately predict
chronicity changes within the kidney. In this light,
although markers such as transforming growth factor
beta offer promise [37], several other candidate biomar-
kers are currently being evaluated in several laboratories.
These emerging candidates hold great promise, given that
none of the currently employed yardsticks is able to accu-
rately predict the degree of renal pathology activity and/
or chronicity in LN. What is needed next is a longitudi-
nal study in which LN patients are monitored serially for
urine levels of VCAM-1, as well as a marker of renal
pathology chronicity, coupled with traditional disease
markers, in order to establish whether non-invasive mar-
kers can be used successfully to accurately predict under-
lying renal disease and the clinical course in LN.

Conclusion
Three urinary molecules and concurrent renal pathology
were examined in SLE. Urinary VCAM-1 emerges as a
good indicator of the renal pathology AI in patients
with LN.
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Figure 6 Urine vascular cell adhesion molecule-1 levels in other nephropathies. Urine vascular cell adhesion molecule-1 (VCAM-1) levels
were assayed and creatinine (Cr)-normalized using urine samples from patients with anti-neutrophil cytoplasmic antibodies-associated (ANCA)
glomerulonephritis, patients with focal segmental glomerulosclerosis (FSGS), patients with minimal-change disease (MCD) and patients with
membranous nephropathy (MN), as plotted. The basal levels in the healthy controls are represented by the dotted line (HC). The data for the
healthy controls and the lupus nephritis patients are drawn from the data shown in Figure 2C. The VCAM-1 levels noted in the different groups
are statistically compared with the lupus nephritis group, as indicated below the x axis label. NS, not significant; SLE, systemic lupus
erythematosus.
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