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Abstract

Purpose: The CD40/CD40 ligand (CD40L) system is associated with pathogenic processes of inflammatory
diseases, and elevated levels of soluble CD40L have been observed in sera from patients with autoimmune
diseases. To determine the diagnostic value of serum-soluble CD40L in Antineutrophil cytoplasmic antibody (ANCA)-
associated vasculitis (AAV), we investigated patients with MPO-AAV at various stages of the disease.

Methods: Twenty-eight samples were from patients with active MPO-AAV: 28 samples from inactive-vasculitis
patients without infection and 16 samples from inactive-vasculitis patients with infectious complications. Serum
soluble CD40L was measured by an enzyme-linked immunosorbent assay. Serum-soluble CD40L was also
measured in 15 patients with infectious diseases and in 28 control subjects.

Results: The serum-soluble CD40L level was higher in the patients with inactive vasculitis with infectious
complications than in those with inactive vasculitis without infection and the normal control, but there was no
significant difference in CD40L levels between the patients with active vasculitis and those with inactive vasculitis
with infectious complications. There were significant correlations between the serum levels of soluble CD40L and
the serum creatinine and CRP levels. The serum soluble CD40L/creatinine ratio was higher in the inactive vasculitis
with infectious complications group than in the active vasculitis group, inactive vasculitis without infection group and
the normal control. Comparative receiver-operating-characteristic curves showed that this ratio had 92.8% sensitivity
and 96.8% specificity for differentiating patients with infection from those without infection.

Conclusion: Serum-soluble CD40L was not associated with disease activity, but it may be a useful marker for
the detection of infectious complications in MPO-AAV.

Keywords: ANCA-associated vasculitis; Microscopic polyangiitis;
CD40 ligand; Disease activity; Infectious complications

Introduction

In antineutrophil cytoplasmic antibody (ANCA)-associated
vasculitis (AAV), the diagnostic value of assays for ANCAs is now
widely accepted. ANCAs are known to bind two key antigens found in
neutrophil granules and monocyte lysosomes: proteinase-3 (PR3) and
myeloperoxidase (MPO). ANCAs can activate cytokine-primed
neutrophils, causing an oxidative burst, degranulation, the release of
inflammatory cytokines, and damage to endothelial cells in vitro [1],
and an intravenous injection of mouse antibodies specific for mouse
MPO induced pauci-immune necrotizing and  crescentic
glomerulonephritis in a mouse model that closely mimics the human
disease [2]. The pathogenicity of anti-MPO antibodies has been
demonstrated in vitro and in vivo [1-3], but the mechanisms of MPO-
ANCA production have not been clarified. Moreover, the MPO-ANCA
titer is not always associated with disease activity.

The interaction between CD40 and its ligand (CD40L) is critical to
the control of thymus-dependent humoral immunity and cell-

mediated immune responses [4]. CD40L on the T cells stimulates the
B-cell secretion of immunoglobulin isotypes in the presence of
cytokines. The interaction of CD40L with CD40 not only induces a
proliferation of B lymphocytes and their isotype switching; it also
mediates a broad variety of other immune and inflammatory responses
[4]. CD40 signaling has been linked with pathogenic processes of
chronic inflammatory diseases such as autoimmune diseases,
neurodegenerative disorders and graft-versus-host disease [5]. Soluble
forms of CD40L, produced by proteolytic cleavage, lack the
transmembrane region and a portion of the extracellular domain, but
they contain the entire tumor necrosis factor-alpha (TNF-a) homology
region [6]. Elevated levels of soluble CD40L have been observed in sera
from patients with systemic lupus erythematosus (SLE) [7,8],
rheumatoid arthritis with vasculitis [9], Sjogrens syndrome [8], mixed
connective tissue disease [10], systemic sclerosis [11] and Kawasaki
disease [12], and a direct relationship can be seen between serum-
soluble CD40L and the disease severities or titers of autoantibodies
(anti-double-strand DNA antibody) [7] and rheumatoid factor [8]. In
patients with granulomatosis with polyangiitis (GPA), soluble CD40L
was associated with disease activity [13].
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We hypothesized that CD40L may be released from T cells or
damaged tissue in AAV, and in the present study we investigated
patients with micropolyangiitis (MPA) at various stages of the disease
to determine the diagnostic value of serum-soluble CD40L in MPO-
AAV.

Material and Methods

Subjects

The cases of 43 Japanese MPO-ANCA associated MPA patients
were examined. The diagnosis of MPA was based on the European
Medicines Agency algorithm [14]. Patients with GPA or Eosinophilic
granulomatosis with polyangiitis (EGPA) were excluded. ANCA was
examined using an MPO-specific Enzyme-linked immunosorbent
assay (ELISA), and normal ranges were defined as values below 3.5
U/ml. Patients with a positive test result for proteinase-3-ANCA and
anti-glomerular basement membrane antibody were excluded.

Among the 43 MPO-AAV patients, 28 provided serum samples
before the initial treatment, and 28 provided samples during remission
(15 provided samples both before the initial treatment and during
remission). Remission was defined as the absence of clinical disease
activity based on the Birmingham vasculitis activity score (BVAS).
Sixteen samples obtained during remission with infectious
complications were investigated. Ten of the 16 patients with infectious
complications had bacterial pneumonia, four had acute bronchitis, one
had pulmonary tuberculosis, and the remaining patients had bacterial
pleuritis.

As positive infectious control, 10 patients with acute pyelonephritis
and five patients with bacterial pneumonia were investigated. The
diagnosis of acute pyelonephritis was based on characteristic clinical
features such as fever, costovertebral tenderness, leukocyturia, bacteria
in urine sediment and urinary culture examination, elevated White
blood cell (WBC) count and elevated serum C-reactive protein (CRP)
level. The normal range of serum CRP is defined as a value below 0.3
mg/dL. The diagnosis of bacterial pneumonia was based on
characteristic clinical features such as fever, cough, sputum, elevated
WBC count, serum CRP level, and chest X-ray findings.

As normal control, eight healthy volunteers, 15 patients with
Chronic kidney disease (CKD) and five acute pyelonephritis patients
after antibiotic treatment were investigated. Three of the 15 patients
with CKD had nephrosclerosis, 10 patients had chronic
glomerulonephritis (including one patient treated with hemodialysis),
and two patients had diabetic nephropathy. Patients with elevated
levels of serum CRP were excluded from the group of normal control.

The study protocol was accepted by the Ethics Committee of Tokyo
Medical University Ibraki Medical Center, and written informed
consent was obtained from all patients or their immediate family
members. This study also conformed to the provisions of the
Declaration of Helsinki as revised in Edinburgh in 2000.

ELISA for soluble CD40L

Blood samples were collected in plasma separator tubes before
initial treatment, during remission status, and at the time of
complicating infection. Samples were separated at 1000 x g for 15 min
and were stored at -80°C for analysis.

The samples were measured by commercially available ELISA kits
(Quantikine®, R&D Systems, Minneapolis, MN) in duplicate. In brief,

98-well microplates were first coated with polyclonal anti-human
CD40L antibody. Then, 100 pl of fivefold-diluted sample was added to
each well. Plates were incubated for 2 h at room temperature (RT) and
then washed, and horseradish peroxidase-conjugated polyclonal anti-
human CD40L antibody was added at 200 pl/well. The plates were
incubated for 2 h at RT and then washed, and 100 ul of chromogen
(tetramethylbenzidine) and 100 pl of hydrogen peroxide were added to
each well. The plates were incubated for 30 min at RT, and 50 pl of 2-N
sulfuric acid solution was added to each well. The plates were
immediately read on a microplate reader (Sunrise Remote®, Tecan
Japan, Kanagawa, Japan) set at 450 nm for measurement and at 540
nm for wavelength correction. The inter and intra-assay variations
were less than 10%.

Statistical analysis

Continuous variables are presented as mean + Standard deviation
(SD), and categorical variables are presented as numbers with
percentages. Differences in categorical variables were checked using
the chi-square test with Yates’ continuity correction and Fisher’s exact
test, and post-hoc comparisons (Bonferroni correction) were
performed to detect differences among three or more groups. An
analysis of variance (ANOVA) was used to assess differences among
subject groups, and post-hoc comparisons were made using the
Bonferroni/Dunn test. A correlation analysis was performed using
Spearman’s univariate correlation coeffcient (r) to determine
correlations between the serum soluble CD40L levels and clinical
parameters such as age, BVAS, MPO-ANCA titer, WBC count,
hemoglobin concentration, platelet count, and serum creatinine and
CRP levels.

We performed a multiple linear regression analysis that included the
covariates found to be significantly associated with the serum soluble
CD40L level in the correlation analysis. The data are expressed as
standardized regression coeflicients (B). P-values <0.05 were accepted
as significant, but in the multiple comparisons, the critical P-value was
divided by the number of comparisons being made. The comparative
Receiver operating characteristic (ROC) curves for inflammatory
variables of disease activity and the diagnosis of infection were
obtained. All statistical analyses were performed using PASW Statistics
software, version 18 (IBM Japan [formerly SPSS Japan Inc.], Tokyo) for
Windows.

Results

Clinical parameters of subjects

There was no significant difference in age among the patients of the
five groups: (1) active MPO-AAV patients, (2) inactive-vasculitis
patients without infection, (3) inactive-vasculitis patients with
infectious complications, (4) infectious control, and (5) normal
control, but the percentage of males was significantly lower in the
patients with infectious control (Table 1). The MPO-ANCA titer was
significantly higher in the patients with active vasculitis than in the
other four groups, and MPO-ANCA was not detected in either control
group. Leukocytosis and elevated serum CRP levels were observed in
the patients with active vasculitis and the infectious groups (inactive
vasculitis with infectious complications and the infectious control).
Elevated serum creatinine levels were observed in the active-vasculitis
patients.
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Active vasculitis | Inactive  vasculitis | Inactive vasculitis with | Infectious control | Normal control
Units (n=28) (n=28) infections (n=16) (n=15) (n=28)
Age (yrs) 69.6 £ 14.14 70.7 704 +£98 70.3+18.4 68.8 £ 15.4
Gender (male) - 17 (61%) 14 (50%) 9 (56%) 2 (13%) acde 13 (46%)
BVAS - 20.7+5.2 0+0 0+0 - -
MPO-ANCA (U/ml) 307.4 + 170.3 a:b.cd 21.4+38.3 51.3+115.9 130 1.3+0
White blood cell (/mm3) 9704 + 38792 8414 + 2342 12131 % 3090 a4 13080 + 5156 ade 6122 + 1502
Hemoglobin (g/dl) 99+22ab 11.5+1.9 10.8+2.8 124 +1.8 11.8+2
Platelet (x10% /mm3) 27.1+13.2 221+47 20.1+10.1 19.9+7.3 226 +6.1
Serum albumin (g/dl) 3.04 +0.61 2bd 3.76 £ 0.38 3.27+0.78 2d 3.75+0.44 4.05+0.36
Serum creatinine | (mg/dl) 4.41 £ 259 3b 2,92 +3.34 2.89+224 1.26+0.73 1.76 + 1.51
Serum CRP (mg/dl) 7.15+6.56 24 0.22 +£0.14 8.75+5.422d 12.43 +7.46 2de 0.11+0.15
Variables are expressed as means + SD or as numbers with percentages of the total.
ap<0.005 vs. Normal control; PP<0.005 vs. Infectious control; °P<0.005 vs. Inactive-vasculitis with infection; 9P<0.005 vs. Inactive-vasculitis; ®P<0.005 vs. Active-
vasculitis.
BVAS: Birmingham Vasculitis Activity Scores;
MPO: Myeloperoxidase;
ANCA: Antineutrophil Cytoplasmic Antibody;
CRP: C-Reactive Protein.

Table 1: Characteristics of the five groups of subjects.

Serum levels of soluble CD40L

Among the patients with MPO-AAV, the serum levels of soluble
CDA40L were significantly higher in the inactive-vasculitis patients with
infectious complications compared to the inactive-vasculitis patients
and normal control (Figure 1). However, there was no significant
difference in CD40L levels between the active vasculitis patients and
those with inactive vasculitis with infectious complications.

There was no significant correlation between the serum levels of
soluble CD40L and age, BVAS, or MPO-ANCA titers (Table 2). There
were significant positive correlations between the serum levels of
serum-soluble CD40L and the serum creatinine levels, WBC count,
hemoglobin concentration, and serum CRP levels. In the multiple
regression analysis including the above four variables, there were
significant positive correlations between the serum levels of serum-
soluble CD40L and the serum creatinine levels, WBC count and serum
CRP levels.

Ratio of serum-soluble CD40L/creatinine

To remove the factor of renal function, we calculated the ratio of
serum-soluble CD40L to creatinine. Among the patients with MPO-
AAV, the serum ratio of soluble CD40L to creatinine was higher in the
inactive-vasculitis patients with infectious complications than in those
with active vasculitis or inactive vasculitis without infection, and the
normal control (Figure 2). That ratio was also higher in the infectious
control than in the patients with inactive vasculitis without infection
and the normal control.
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Figure 1: Serum levels of soluble CD40 ligand in the five subject
groups. Black closed circles and bars show means and standard
errors. Gray open circles=MPO-ANCA-associated vasculitis. Gray
open triangles=individual values of the control.

Univariate Multivariate
Clinical Parameters r P-value B P-value
Age 0.035 0.7121 - -
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BVAS 0.067 0.5789 _ _ ROC curve analysis
MPO-ANCA 0.082 0.3843 } ) The comparative ROC curves for three measures of disease activity
(WBC counts, serum CRP levels, and the ratio of serum-soluble
White blood cell 0.445 <0.0001 0.29 0.0108 CDA40L to creatinine) and the diagnosis of infection are shown in
Hemoglobin 0.229 0.0141 0100 0.2789 Figure 3. The optimum cut-off levels for the diagnosis of infection were
identified from the ROC curves for WBC counts, serum CRP levels
Platelet 0.003 0.9747 - - and the serum ratio of CD40L to creatinine. The area under the curve
of the serum ratio of CD40L to creatinine was higher than that of the
Serum creatinine 0.26 0.005 0.213 0.0211 WBC counts and the serum CRP levels. On the ROC curve, the
Serum CRP 0.441 <0.0001 0225 0.0488 sensitivity of the serum ratio of CD40L to creatinine was equal to that
of the serum CRP levels, and the ratio’s specificity was superior to that

BVAS: Birmingham Vasculitis Activity Scores; MPO: Myeloperoxidase; ANCA:
Antineutrophil Cytoplasmic Antibody; CRP: C-Reactive Protein

Table 2: Correlation and regression coefliciencies between clinical
parameters and serum soluble CD40L levels in MPO-ANCA-
associated vasculitis.

P<0.0001
1
1200 P<0.0001 P <0.0001
O I 17 1
2 1000 | P=00001 Hp<0.oomI
5
~ 800+ O o A
B A
2 600 o o
E g
400 H
X 2004 ?
o]
ER : 8
A% o0d-- _Q.____i_ .................... sﬁ--
gl

Active Inactive Inactive Infectious ~ Normal
vasculitis ~ vasculitis vasculitis controls controls
with
infection

Figure 2: Serum ratios of soluble CD40L to creatinine in the five
subject groups. Black closed circles and bars=means and std. errors.
Gray open circles=MPO-ANCA associated vasculitis. Gray open
triangles=individual values of the control.

of the serum CRP level.
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Figure 3: The comparative ROC curves for three measurements for disease activity (A) and the diagnosis of infection (B). Solid black
line=ratio of serum-soluble CD40 ligand/creatinine. Solid gray line=serum C-reactive protein levels. Dotted gray line=WBC counts. Dotted

Discussion

Although in the present study the serum-soluble CD40L levels in
the inactive vasculitis patients with infectious complications were
elevated and those levels were correlated with the serum CRP levels,
the serum-soluble CD40L levels were also correlated with the serum
creatinine levels. Serum-soluble CD40L levels may be associated with
not only the degree of inflammation but also renal function. There
have been only a few investigations of CD40L in patients with
impaired renal function, and the high level of soluble CD40L in
patients treated with hemodialysis was shown to result in a high risk of
nonfatal/fatal atherothrombotic events [15]. Considering that the
CD40/CD40L system is also expressed in cells of the vascular wall
(endothelial cells, fibroblasts and smooth muscle cells) and an
engagement of endothelial CD40 by CD40L induces a
proinflammatory and thrombotic response [16], the elevated serum
level of soluble CD40L in hemodialysis patients may be associated with
an excessive production of the soluble form of CD40L from monocytes
or platelets induced by inflammation.

On the other hand, the serum levels of low-molecular-weight
proteins are known to correlate with serum creatinine levels. These
proteins are filtrated at the glomerulus and reabsorbed and catabolized
by proximal tubular cells, and the serum levels of such proteins in renal
insufficiency patients are elevated due to low urinary filtration.
Considering that the molecular weight of soluble CD40L is 15-18 kDa
[17], it is possible that the increase of serum-soluble CD40L levels in
patients with renal insufficiency is caused by mnot only
microinflammation but also low urinary excretion. However, the
mechanisms underlying the elevated serum-soluble CD40L levels in
patients with impaired renal function cannot be clarified at present,
and further examination is needed.

Although CD40L was originally identified on stimulated CD4* T
cells and later on stimulated mast cells and basophils, platelets express
CD40L within seconds of activation in vitro and in the process of
thrombus formation in vivo [18]. In a large 2011 cohort study of GPA
patients, several cytokines such as P-selectin, vascular endothelial
growth factor, IL-8, and soluble CD40L were chosen as candidate
biomarkers for measuring disease activity in GPA, because those
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cytokines arise from within the circulation are associated with platelet
activation and inflammatory response [13]. In that cohort study, the
strongest associations for active disease at baseline versus remission
were observed for soluble CD40L. However, in the present study, the
serum CD40L level did not reflect the disease activity of MPO-AAV. In
that cohort study [13], the association of soluble CD40L was driven
mainly by the association with the granulomatous but not the
vasculitic components of BVAS/WG. Although soluble CD40L may
reflect granulomatous formations in GPA (PR3-AAV), it is not
apparently associated with vasculitis activity. Thus, there may be no
elevation of soluble CD40L at the active phase of MPA (MPO-AAV),
which is not accompanied by granulomatous formations.

In the present study, the soluble CD40L levels, in particular those
levels corrected by serum creatinine, were elevated in the patients with
infectious complications. Soluble CD40L levels were elevated during
sepsis [19] and several infections such as meningococcal infection [20],
pulmonary tuberculosis [21] and African tick bite fever [22]. In an
abdominal sepsis model using cecal ligation and puncture (CLP), the
plasma levels of soluble CD40L increased and the surface expression of
CDA40L on platelets decreased [23]. In platelet-depleting antibody-
treated CLP mice, the CD40L levels were reduced by 90%. Bacterial
antigen-stimulated platelets in platelet-rich plasma released soluble
CD40L, and bacterial antigen-stimulated peripheral blood
mononuclear cells also released soluble CD40L [22]. Those studies
suggested that elevated serum-soluble CD40L in sepsis was shown to
result in the platelet shedding of CD40L. However, in the present study,
there was no correlation between the soluble CD40L levels and the
platelet counts.

On the other hand, the in vivo administration of lipopolysaccharide
led to an activation of platelets and monocytes with the upregulation of
CD40L on platelets, but soluble CD40L levels did not change
significantly [24]. Moreover, it was recently demonstrated that
neutrophil-derived matrix metalloproteinase-9 controlled by RAS-
related C3 botulinus toxin substrate 1 (Racl) was an important
regulator of CD40L shedding from platelets in sepsis [25]. Considering
those studies, the elevated serum-soluble CD40L levels in sepsis may
not depend on platelet counts or the degree of expression on platelets,
and the levels may be related to the molecules cleaving CD40L. We
could not determine how CD40L was released by platelets, monocytes
or other cells in our present investigation. Further studies are needed
to clarify the mechanisms underlying elevated soluble CD40L in
patients with infectious complications.

Although the difference between the present active-vasculitis
patients and the inactive-vasculitis patients without infectious
complications was not significant, elevated serum levels of soluble
CD40L and elevated ratios of serum-soluble CD40L to creatinine were
observed in several patients with active vasculitis (Figures 1 and 2).
Patients with active vasculitis may have an overlapping infection before
and/or at onset, although patients with active vasculitis are usually
treated with antibiotics therapy before the initiation of
immunosuppressive therapy. In the present study, some of the active-
vasculitis patients who had elevated levels of serum-soluble CD40L
may still have been complicated with infectious diseases. In the above-
mentioned cohort study [13], the serum soluble CD40L levels in PR3-
AAV patients were higher than those at the remission phase, but the
serum soluble CD40L level before a disease flare-up was higher than
that during the flare-up. We therefore speculated that granulomatous
formation or bacterial infection may be associated with the elevation
of CD40L in AAV.

To detect the presence of infectious complications regardless of
vasculitis activity, several biomarkers such as procalcitonin [26] and
serum high mobility group box 1 (HMGB1) [27,28] have been
investigated. However, procalcitonin was elevated in several active
AAV cases without infection [26], and serum HMGBI levels were
significantly higher in GPA patients [27] and were reported to
correlate with the volume of pulmonary granuloma [28]. We
previously demonstrated the efficacy of serum-soluble TREM-1 to
detect the presence of infectious complications in AAV patients [29],
but it depended on the patients’ renal function, similar to CD40L.
Therefore, more useful biomarkers are needed to detect the presence of
infectious complications regardless of disease activity in AAV.

Our study has several limitations. First, the study population was
limited to patients with MPO-ANCA-associated renal vasculitis.
Further studies are necessary to compare patients with PR3-AAV or
non-renal vasculitis. Moreover, all of the patients were Japanese, and
the potential for genetic bias may prevent the applicability of our
results to non-Japanese populations. In addition, it is necessary to
confirm that the calculation of soluble CD40L divided by serum
creatinine is suitable, which would require a larger number of control
(without vasculitis or infection) with varying levels of renal function.
Finally, this study was a retrospective cross-sectional study; a larger
prospective longitudinal study (including vasculitis patients with
relapse) would provide more definitive results.

In conclusion, we found no relationship between serum-soluble
CD40L and disease activities or autoantibody production in MPO-
AAV. The serum levels of soluble CD40L may depend on both the
patient’s renal function and the existence of infectious complications,
and this level may be a useful marker for the detection of infectious
complications in MPO-AAV.
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