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Abstract 
 

 Objective: Circulating effector memory CD4+T-cells (CD4+TEM) are 
proportionally increased in patients with PR3-ANCA-associated vasculitis 
(PR3-AAV) in remission and decrease during active disease, which 
presumably reflects their migration towards inflammatory sites. Since renal 
infiltrating cells may appear in urine, we investigated the presence of 
CD4+TEM cells in urinary sediment as a measure of renal disease activity in 
AAV. 
 Methods: CD4+TEM cells (CD45RO+CCR7-CD3+CD4+T-cells) were 
quantitated in urine and peripheral blood of AAV-patients with renal (n=27) 
and without renal (n=17) involvement, during remission (n=29) and active 
disease (n=15), using four-color flow cytometric analysis. Numbers and 
percentages of urine CD4+TEM cells in 8 AAV-patients with active renal 
disease were followed for several weeks during remission induction. 
 Results: A remarkable increase of urine CD4+TEM cell numbers was 
observed in AAV-patients with active renal disease compared to patients in 
remission and patients with active non-renal disease. Increased urine 
CD4+TEM cells in VVA-patients with active renal disease were accompanied 
by a reciprocal decrease in peripheral blood. Results from follow-up analysis 
showed a clear reduction in urine CD4+TEM cells following treatment. 
Moreover, a negative correlation was observed between percentages of 
circulating- and urine CD4+TEM cells, consistent with their migration towards 
inflammatory sites. 
 Conclusion: The appearance of CD4+TEM cells in urine is an 
indication of renal involvement in AAV. Flow cytometry analysis of these 
cells in urine may be a useful tool for evaluating and monitoring renal 
disease activity in AAV-patients. 
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Introduction 
 

Anti-neutrophil cytoplasmic autoantibody (ANCA)-associated 
systemic vasculitis (AAV) constitutes a group of disorders characterized by 
necrotizing crescentic glomerulonephritis with systemic vasculitis 
predominantly affecting small vessels, and the presence of circulating ANCA 
that are specific for proteinase 3 (PR3) or myeloperoxidase (MPO)1-3. 
Considerable circumstantial evidence has accumulated that support a role 
of T-cells in the pathogenesis of AAV. The presence of T-cell infiltrates in 
vasculitic areas and granulomatous lesions together with the observation 
that remission can be induced in AAV-patients by anti T-cell treatment are 
consistent with T-cell mediated pathology in this disease4-8.  In support of 
this concept, we observed increased percentages of circulating CD4+ 
effector memory T-cells (CCR7-CD45RO+CD4+T-cells), as well as a defect 
in regulatory T-cell function in patients with PR3-AAV9-11. These cross-
sectional and follow-up studies in PR3-AAV-patients have demonstrated 
that levels of circulating CD4+ effector memory T-cells (CD4+TEM) in patients 
with active disease are significantly lower than in patients in remission9. We 
hypothesized that these cells migrate to inflammatory sites once the disease 
gets active. In agreement with this hypothesis, infiltrating T-cells in and 
around glomeruli of patients with ANCA-associated-glomerulonephritis were 
shown to consist mainly of effector memory T-cells12. These cells could 
appear in the urine of AAV-patients with active renal disease, and detection 
of urine CD4+TEM could provide a way for assessing active renal 
involvement in this disease.  

Several reports describe the detection of T-cells in urine from 
patients with postinfectious glomerulonephritis, active IgA nephropathy13, 
renal allograft rejection14, and lupus nephritis15. Numbers of urinary 
mononuclear cells correlated with the clinical stage in IgA nephropathy and 
with acute rejection in renal allograft recipients13;14. In addition, numbers of 
urinary T cells were markedly elevated in patients with active lupus and 
correlated with renal disease activity15. Thus, detection of T-cells in urine 
may reflect renal disease severity.   

The present study, therefore, was designed to investigate the 
presence of CD4+TEM cells in urinary sediment as a measure of renal 
disease activity in patients with AAV. To this end, CD4+TEM cells were 
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quantitated by 4-color flow-cytometry analysis in urine and blood samples 
from AAV-patients with or without renal involvement, and the absolute 
counts of these cells were also determined during active disease and at 
several time points after starting treatment.  
 
 
Materials and Methods 
 
Study population 
 

Forty-four patients with AAV (table 1) (25 males, 19 females, mean 
age 55 years, median age 57 years, range 27-80 years) were enrolled in 
this study. All patients were or had been ANCA-positive at the moment of 
diagnosis, 33 with PR3-ANCA, and 11 with MPO-ANCA. Disease activity 
was assessed for all patients at the time of sampling using the Birmingham 
vasculitis activity score (BVAS)16. Remission was defined as the complete 
absence of clinical signs and symptoms of active vasculitis as indicated by a 
BVAS of 0. Relapse of the disease was defined based on the presence of 
clinical and laboratory signs of inflammation and new or worsening clinical 
manifestations of vasculitis leading to renewed or intensified 
immunosuppressive therapy. Renal involvement was defined as an active 
urinary sediment with glomerular erythrocyturia and/or erythrocyte casts with 
an increase in serum creatinine and/or reduction in creatinine clearance or a 
renal biopsy showing pauci-immune necrotizing glomerulonephritis. 

According to these criteria, we recruited four groups of AAV-
patients: patients with renal involvement in remission (rR-AAV, n=17), 
patients without renal involvement in remission (non rR-AAV, n=12), 
patients with active disease and renal involvement (rA-AAV, n=10), and 
patients with active disease without renal involvement (non rA-AAV, n=5). 
None of the patients experienced an infection at the time of sampling. Urine 
and blood samples were collected and the percentages and absolute counts 
of CD4+TEM cells were assessed immediately after sampling by four-color 
flow cytometry. Analysis of CD4+TEM cells in urine and blood was repeated 
in 8 rA-AAV-patients for up to several weeks after the initial evaluation. All 
patients provided informed consent. The main clinical and laboratory data of 
the patients are summarized in Table 1. 
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Table 1: Clinical and laboratory characteristics of AAV-patients at the time of blood and 
urine sampling* 

 
 * ANCA, antineutrophil cytoplasmic antibody; AAV, ANCA-associated vasculitis; BVAS, Birmingham 

vasculitis activity score; hpf, high power microscopic field; non rA-AAV, patients with active disease 
without renal involvement; non rR-AAV, patients without renal involvement in remission; rA-AAV, patients 
with active disease and renal involvement, rR-AAV, patients with renal involvement in remission. 

§ Patients who were ANCA positive or negative at the time of analysis. 
£ Percentage of dysmorphic erythrocytes assessed when ≥5 erythrocytes/hpf were present.  
& In all 5 patients in whom a renal biopsy was performed, a necrotizing pauci-immune glomerulonephritis 

was found. 
 
 
Antibodies 
 

The following antibodies were used in flow cytometry: phycoerythrin 
(PE)-conjugated anti-CCR7, fluorescein (FITC)-conjugated anti-CD45RO, 
peridin-chlorophyll (PerCP)-conjugated anti-CD4, allophycocyanin (APC)-
conjugated anti-CD3, multiTESTTMfour-color antibodies (CD3 FITC, CD8 
PE, CD45 PerCP, and CD4 APC), and isotype matched control antibodies 
of irrelevant specificity. All were purchased from Becton-Dickinson 
(Amsterdam, The Netherlands). 
 
 
Sample preparation and flow cytometry 
 

Immediately after voiding, 100mL of urine was diluted 1:1 with cold 
phosphate-buffered saline (PBS) and centrifuged at 1800 rpm for 15 
minutes. The supernatant was removed and the sediment was resuspended 
in 10mL of PBS. 50 μL of the cell suspension was used for quantitative 
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measurement by TrueCount tube (see later), whereas mononuclear cells 
were isolated from the remaining cell suspension by density-gradient 
centrifugation on Lymphoprep (Axis-Shield PoC AS, Oslo, Norway). Next, 
mononuclear cells were resuspended in wash-buffer (1% BSA in PBS) and 
mixed with appropriate concentrations of anti-CD45RO-FITC, anti-CCR7-
PE, anti-CD4-PerCP, and anti-CD3-APC for 15 minutes at room 
temperature in the dark. Isotype-matched non-specific antibodies were used 
as negative controls.  In parallel, blood samples were labeled with the 
aforementioned monoclonal antibodies. Afterwards, cells were successively 
treated with 2mL diluted FACS lysing solution (Becton & Dickinson) for 10 
minutes and samples were washed twice in wash-buffer and immediately 
analyzed by flow cytometry. Four-color staining was analyzed on FACS-
Calibur (Becton & Dickinson) and data were collected for 105 events for 
each sample and plotted using Win-List software package (Verity Software 
House Inc., ME, USA). Positively and negatively stained populations were 
calculated by quadrant dot-plot analysis, as determined by the isotype 
controls. 
 
 
Quantification of CD4+ effector memory T-cells 
  

CD4+T cells were quantified in urine using TruCOUNTTM Tubes 
(Becton & Dickinson). In brief, 20 µl of MultiTESTTM four-color antibodies 
(CD3 FITC, CD8 PE, CD45 PerCP, and CD4 APC) and 50 µl of sample 
(urine or blood) were added to bead-containing TruCOUNTTM tubes. Tubes 
were incubated for 15 min at room temperature and 450 µl of 1X FACS 
lysing solution was added. The intensity of the fluorescence was measured 
using a FACS-Calibur flow cytometer and analysis was performed using 
CELL-Quest software (Becton & Dickinson). The bead population and the 
CD45 lymphocyte versus side scatter population were manually gated and 
the absolute number of CD3+CD4+T cells was determined by comparing 
cellular events to beads events. Afterwards, the absolute counts for 
CD4+TEM cells in 1mL urine were calculated using the following formula: 
 
Numbers of CD4+TEM cell/mL urine =  
 
numbers of CD4+T-cell/mL sample  x  volume of urine cell suspension after the first wash [=10mL]   x  %CD4+TEM in urine 
                     Total volume of collected urine  [=100mL] 



CD4 TEM and renal disease activity in AAV 

 57 

 

In order to correct for variation in urine dilution, the quantitative 
results of urine CD4+TEM cells were also expressed as ratios to urine 
creatinine concentration. 
 
 
Microscopic examination of urine sediment 
 

 Ten milliliters of freshly voided urine was centrifuged for 10 min at 
1500g. After centrifugation, 9.5 ml of the supernatant was aspirated and the 
urine sediment was resuspended in the remaining 0.5 ml. One drop of the 
resuspended sediment was transferred to a microscope glass slide and 
covered by an 18 x 18 mm cover and immediately examined at 100X and 
400X magnification by a trained nephrologist (C.A.S). The number of 
erythrocytes per field at 400X magnification was recorded and when 5 or 
more erythrocytes per field were present, the percentage of dysmorphic 
erythrocytes was assessed by differentiating at least 100 erythrocytes. In 
addition, the presence or absence of erythrocyte casts was recorded. Urine 
sediment reflected active glomerular disease if (1) at least 5 erythrocytes 
per microscopic field at 400X magnification were presented, and (2) at least 
40% of erythrocytes were dysmorphic in combination with the presence of 
acanthocytes and/or erythrocyt casts. All urine sediments were examined 
within 2 hours of voiding.   
 
 
Statistical analysis 
  

Results are presented as the mean ±SD and the nonparametric 
Mann-Whitney U-test was used for comparison of values between groups. 
Correlation was assessed using Spearman’s rank correlation coefficient. 
Two-tailed P-values less than 0.05 were regarded as statistically significant.  
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Results 
 
Urine CD4+TEM cells are increased and circulating CD4+TEM cells 
decreased in AAV-patients with active renal disease 
 

 First, we determined the absolute numbers of CD4+TEM cells in urine 
of AAV-patients with or without renal involvement during remission and 
active disease. The number of urine CD4+TEM cells was significantly 
increased in AAV-patients with active renal disease when compared to 
either AAV-patients in remission (with or without renal involvement) or those 
with active non-renal disease (Figure 1A). In order to take into account the 
varying degree of urine dilution, data were also expressed as the ratio of 
CD4+TEM cell numbers (cells/mL) to urine creatinine concentration 
(µmol/mL). The differences in CD4+TEM cells, between patient groups, after 
correction for creatinine concentration (Figure 1B), were similar to those 
presented without correction (Figure 1A). Further, to address the question 
whether the decrease in circulating CD4+TEM cells in patient with active AVV 
is accompanied by a reciprocal increase of CD4+TEM cells at the site of 
inflammation, we examined percentages of CD4+TEM cells in peripheral 
blood and urine in AAV-patient groups. AAV-patients with active renal 
involvement exhibited a significant increase in percentages of CD4+TEM cells 
in urine as compared to both AAV-patients in remission (with or without 
renal involvement) and AAV-patients with active non-renal disease (Figure 
1C). In contrast, we observed lower percentages of CD4+TEM cells in 
peripheral blood from AAV-patients with active renal disease when 
compared to those who were in remission (Figure 1D). Thus, decreased 
circulating CD4+TEM cells in VVA-patients with active renal involvement are 
accompanied by their reciprocal increase in urine. 
 
 
Quantification of urine CD4+TEM cells is a useful tool for monitoring 
disease activity in AAV-patients with renal involvement 
  

Since urine CD4+TEM cells were increased in AAV-patients with 
active renal disease compared to AAV-patients in remission, we questioned 
whether changes in urine CD4+TEM cells occurred during induction of 
remission. To this end, we analyzed absolute numbers of urine CD4+TEM in  
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Figure 1: CD4+TEM cells in urine and peripheral blood in AAV-patients.  
Absolute counts of urine CD4+TEM cells (A), ratios to urine creatinine concentration (B), and percentages 
of CD4+TEM cells in urine (C) and peripheral blood (D) in AAV-patients without renal involvement in 
remission (non rR-AAV, n=12), AAV-patients with renal involvement in remission (rR-AVV, n=17), active 
AAV-patients without renal disease (non rA-AAV, n=5), and active AAV-patients with renal disease (rA-
AAV, n=10). Flow cytometry was performed as described in Materials and Methods. Horizontal lines show 
mean values. P values were determined by nonparametric Mann-Whitney U test. 

 
 
8 patients at the time of active renal disease and at several time points 
during remission induction therapy. Results were corrected for urine 
creatinine concentration. As shown in figure 2, ratios of urine CD4+TEM cells 
/ urine creatinine concentration in AAV-patients clearly decreased during 
treatment and were lower during remission induction as compared to that in 
the active phase of the disease. In 6 AAV-patients, the number of urine 
CD4+TEM cells decreased coinciding with a drop in the level of serum 
creatinine. Further analysis showed that the presence of high numbers of 
CD4+TEM cells in urine was associated with active glomerular disease as 
assessed by microscopic urine sediment analysis. These results reflect a 
link between numbers of urine CD4+TEM cells and the activity of renal 
disease in patients with AAV.      
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Figure 2: Longitudinal follow-up of urine CD4+TEM cell (solid circles) and serum creatinine (open 
circles) in 8 AAV-patients at the time of disease flare and at several weeks following treatment.  
Left ordinate show the number of urine CD4+TEM cells (cell/mL) divided by renal creatinine (μMol/mL) 
and the right ordinate show the concentration of serum creatinine (μMol/L). The abscissae show 
intervals in weeks. The plus and minus symbols used to represent the active- and inactive urinary 
sediment, respectively, defined by microscopic examination as described in Materials & Methods. 
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Negative correlation between urine- and peripheral blood CD4+TEM 
cells in AAV-patients 
 

To further support the hypothesis that decreased proportions of 
circulating CD4+TEM cells in AAV-patients with active renal disease were the 
result of increased migration of these cells towards areas of inflammation, 
we assessed the relationship between their percentages in peripheral blood 
and urine in the 8 patients included in the longitudinal study (Figure 3). We 
observed a significant negative correlation between the percentages of 
urine CD4+TEM cells and circulating CD4+TEM (R = -0.40, p = 0.003). These 
results are in line with the hypothesis that reduced circulating CD4+TEM cells 
in AAV-patients with active disease occur due to their migration towards 
sites of inflammation. 
 
 

 
Figure 3: Correlation between the percentages of CD4+TEM cells in urine and 
their percentages in peripheral blood from 8 AAV-patients during the follow-
up period. Spearman rank correlation coefficients (R) and P values are given. 
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Discussion 
 

In this report we describe an increase in urine CD4+ effector 
memory T-cells in concordance with a decrease in circulating CD4+TEM cells 
in AAV-patients with active renal disease. Elevated numbers of CD4+TEM 
cells in urine were associated with active renal disease as these numbers of 
CD4+TEM cells clearly decreased or disappeared during induction of 
remission. Thus, detection of CD4+TEM cells in urine seems to be associated 
with renal disease severity in patients with AAV. 

Numerous studies have demonstrated the involvement of CD4+TEM 
cells in the pathogenesis of autoimmune diseases. It has been shown that 
autoreactive T-cells in type-1 diabetes mellitus, multiple sclerosis, and 
rheumatoid arthritis are predominantly CD4+TEM cells17-20. These cells lack 
the chemokine receptor CCR7, which prevents their entry into lymphoid 
organs, but they express other chemokine receptors such as CCR5 and 
CCR3, along with selectins and adhesion molecules, which have a pivotal 
role in trafficking of these cells into inflammatory areas. Indeed, enrichment 
of these effector cells was demonstrated in synovial fluid of patients with 
rheumatoid arthritis or juvenile idiopathic arthritis, in skin lesions of patients 
with psoriasis, in infiltrates occurring in multiple sclerosis brain tissue, as 
well as in glomeruli and periglomerular interstitial lesions in patients with 
glomerulonephritis12;21;22. Our previous study on the distribution of circulating 
CD4+T-cell subpopulations in AAV-patients demonstrated a significant 
decrease in CD4+TEM cells during active disease compared to that in 
complete remission, which is consistent with increased migration of these 
cells to sites of inflammation once disease activity occurs9. Our current 
results extend these findings and strongly suggest an increase in the 
numbers of CD4+TEM cells in target organs such as the kidneys during active 
disease, and provide a plausible explanation for the observed decrease in 
circulating CD4+TEM cells in active AAV. 

Appearance of CD4+TEM cells in urine of AAV-patients may reflect 
cell-mediated immunity in the pathogenesis of renal lesions in this disease. 
It has recently become evident that CD4+TEM cells act as key effectors of 
tissue injury. Shiao and colleagues23 have demonstrated that adoptive 
transfer of human CD4+TEM cells into a SCID chimera model bearing human 
skin graft, results in infiltration of the graft and destruction of endothelial 
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cells in the graft. Likewise, a recent report demonstrates the contribution of 
effector CD4+T-cells to tissue injury in a model of MPO-ANCA-associated 
glomerulonephtritis24. In an experimental autoimmune anti-MPO 
glomerulonephritis mouse model, depletion of effector CD4+T-cells 
significantly reduced the development of crescentic glomerulonephritis and 
attenuated effector cell influx in glomeruli as compared with control-treated 
mice. This confirms the role of effector CD4+T-cells in renal injury in ANCA-
associated vasculitis. In agreement with these findings, the current study 
demonstrates higher numbers of urine CD4+TEM cells during active renal 
disease, whereas these cells clearly decreased or disappeared during 
remission. Importantly, levels of circulating CD4+TEM cells correlated 
negatively with their percentages in urine. These results support migration 
to and involvement of CD4+TEM cells in renal lesions in AAV. It could provide 
a new approach for assessing disease severity in AAV-patients with renal 
involvement. This approach has the advantage over a renal biopsy that it 
can be repeated as often as necessary and offers the opportunity for 
monitoring response to therapy. It is important to note that the design of our 
study did not include the immunohistochemistry analysis of renal biopsies. 
In addition, the number of patients in each study group was small. Owing to 
these limitations, further studies are required in order to strengthen our 
finding. 

Induction of tissue injury by CD4+TEM cells may require cell-cell 
contact with the targeted tissues. It has been shown previously that HLA-DR 
antigens are strongly expressed on renal vascular endothelial cells25. In 
addition, a recent report by Shiao et al.23 demonstrates that the target 
endothelial cells deliver costimulatory signals to CD4+TEM cells via 
interaction of LFA-3 (on endothelial cells) with CD2 (on CD4+TEM cells). 
Although the in vivo function of HLA-DR expression on endothelial cells has 
not been fully elucidated, antigen presentation by cultured human 
endothelial cells augments trans-endothelial migration of CD4+ memory T-
cells26. This suggests that endothelial cells are capable of mediating 
CD4+TEM cell activation and migration in an MHCII-dependent manner. 

On the other hand, CD4+TEM cells share phenotypic as well as 
functional features with natural killer cells (NK) which secrete cytolytic 
molecules, perforin and granzymes, and express killer receptors (NKRs) 
that serves as a co-stimulation molecule in the absence of CD28 to induce 
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cytotoxic activity27-29. It has been shown that triggering of stimulatory 
KIR2DS2 (a member of NKRs) on cytotoxic CD4+T-cells from patients with 
unstable angina induces cytotoxic activity and effectively kills endothelial 
cells in vitro in perforin-dependent way30. In addition, the cytotoxic 
molecules (perforin and granzymes) effectively induce morphological 
alteration as well as apoptosis of cultured endothelial cells and contribute to 
intimal thickening of vessels in cardiac transplants in mice31;32. Next to 
KIR2DS2, costimulation via NKG2D also enhances tissue destruction and 
inflammatory response. It was shown that CD4+NKG2D+T-cell clones from 
patients with Crohn's disease can kill targets that express major 
histocompatibility complex class I chain-related molecule A (MICA) via 
NKG2D-MICA interaction33. Based on these findings, it is possible that renal 
injury in AAV-patients occurs due to the cytotoxicity of CD4+TEM, but 
costimulatory triggering of these cells through NKRs must be present which 
is essential to achieve their cytotoxic function. Indeed, upregulation of MICA 
has been demonstrated in peritubular endothelium and glomerular epithelial 
cells of the kidney in AAV-patients during active disease, whereas no 
expression of MICA was observed in normal kidneys34. It is, therefore, 
possible that MICA induces the cytotoxicity of CD4+TEM cells in renal tissues 
in AAV-patients and may contribute to renal injury and disease progression. 
In this regard, further studies are needed to delineate the cytotoxicity of 
CD4+TEM cells in AAV. 

In summary, the current study demonstrates prominent increase of 
urine CD4+TEM cells in association with active renal disease in AAV. This 
finding, together with our previous observations, suggest that CD4+TEM cells 
migrate towards inflammatory sites and act as effector cells in renal injury in 
AAV-patients. Thus, detection of elevated urine CD4+TEM cells appears 
clinically useful for evaluating and monitoring renal disease activity in AAV-
patients. 
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