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H ocvvevepyomointikn 066g CD40-CD40L, guniéxetar otnv e&éMEN moAA®V
0VTOOVOG®V VOOLATOV, VD Ta avénuéva enineda dtaivtov CD40L otov 0pod
aclevav pe TEA €yovv oyetiotel pe v gvepyotnta g vocov. TKOmOS NG
Topovcac HEAETNG NTAV 1 dlepevvNnon Tov porov tov dtoivtov CD40L otnv
avamtuén g veepitidoag tov Avkov Kol T wOav oyéon TOL WPE TNV
Kpvooalpwvolpio oto Xvvdpopo Sjogren (XS). Me 1t pébodo ELISA
npocdopionkav ta emineda tov CD40L oe (edyn opov-ovpwv kol 0pov-
c1€A0v cvvolkd e&nvta-teccdpov acbevov pe ZEA, pegopoatoedn apbpitida
Kol 6S, KaO®G Kol SEKOETTA VYOV LOPTOP®V, EVAO HLEAETNONKAV Kol ot TBavol
KAWIKOl GULOYETIGUOL QVTOV TOV EMTESOV HE GAAEC EPYOOTNPLOKEG KOl
KAWIKEG TapapuéTpovg Tov 6S kot Tov ZEA. H pedémn avtn £€5e1&e 0TaTIOTIKGOG
onpovtikd ovEnpéva enineda tov dtoivtod CD40L otov opd acBevdv pe TEA
Kot XS, evd dgv aviyvevOnke dCD40L oto deiypato tov odpov Kol TOV
cléAmv. Ta gupnpata avtng TG HEAETNG OTALTOVV L0 TLO EKTETAUEV EPEVLVA
mpokelpnévou va kabopiotel o mBavog pdrog avtol Tov popiov otn veppitida

TOV AVKOV Kol 6T0 XVvdpopo Sjdgren.
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Abstract

The CD40—CD40L costimulatory pathway is involved in the evolution of many autoimmune diseases including systemic lupus erythema-
tosus (SLE), rheumatoid arthritis (RA) and Sjogren’s syndrome (SS). Increased levels of sCD40L in the serum have been associated with disease
activity in SLE. The aim of this study was to investigate the role of sCD40L in the development of lupus nephritis and examine its possible
association with cryoglobulinemia in Sjogren’s syndrome. We used a 2-site sandwich ELISA to measure the levels of sCD40L in sera, from
64 patients with SLE, RA and SS and 17 healthy blood donors. Biological specimens from the affected tissues such as urine from patients
with lupus nephritis and saliva from patients with SS were also tested. In this regard, paired sera and first morning urine samples from 6
SLE patients (3 with active lupus nephritis and 3 with inactive lupus nephritis) were tested with the sCD40L ELISA protocol as well as paired
sera and salivary samples from 5 patients with SS and cryoglobulinemia, 5 patients with SS and anti-Ro or anti-La autoantibodies and 5 age-
matched healthy control donors. We also examined possible correlations of sSCD40L levels with several laboratory and clinical parameters in SS
and SLE. We found that sera from SLE and SS patients had significantly higher levels of sCD40L compared to sera from healthy control donors.
No sCD40L was detected, in urine samples of patients with either active or inactive nephritis and in salivary samples from SS patients or normal
subjects. Soluble CD40L is elevated in sera of SS and SLE patients but further investigation is needed to determine its possible role in SLE
nephritis and Sjogren’s syndrome.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

T lymphocytes regulate the specificity of immune response
to foreign antigens and control the function of other immune
cells such as B lymphocytes, monocytes and dendritic cells.
Activation of costimulatory pathways such as CD40—CD40L
and CD28—B7.1/B7.2 is needed to achieve an efficient adap-
tive immune response that leads to the activation, proliferation
and differentiation of the specific T-cell clone.

* Corresponding author. Tel.: +30 10 746 2670; fax: 430 10 746 2664.
E-mail address: jroutsias@med.uoa.gr (J.G. Routsias).

0896-8411/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jaut.2006.02.002

In the past years the CD40—CDA40L pathway has been stud-
ied extensively. CD40 molecule, a member of the tumor necro-
sis factor (TNF)-receptor family, is a 39 kDa transmembranic
protein expressed on the surface of antigen-presenting cells in-
cluding B cells, activated macrophages, dendritic cells, mono-
cytes and follicular dendritic cells [1,2] as well as a number of
other cell types such as mesangial, endothelial and epithelial
distal cells [3]. CD40L is a type II membrane protein of
33 kDa which belongs to the TNF gene family and is normally
expressed on Thl, Th2 cells and activated platelets [4,5]. The
CD40—CDA40L ligation provides the signals required for
B-cell activation and differentiation, immunoglobulin class
switching and further activation of T cells. In addition,
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CDA40 ligation on DCs leads these cells to maturation in order
to express an antigen presenting phenotype. CD40L has been
also found to be expressed on a variety of other cell types such
as platelets, B cells, mast cells, basophils and NK cells in
many diseases [1]. CD40—CD40L interaction is involved in
many autoimmune diseases such as systemic lupus erythema-
tosus (SLE) [6], rheumatoid arthritis (RA) [7], experimental
allergic encephalitis (EAE) [8], multiple sclerosis (MS) [9], in-
flammatory bowel diseases (IBD) [10], chronic urticaria (CU)
[11] and in allograft rejection [12]. CD40L circulates in a sol-
uble form of 18—20kDa in the serum of patients with SLE
[13,14]. The soluble CD40L has been associated with disease
activity and severity [14]. The major sources of sSCD40L are
activated T lymphocytes and activated platelets. Soluble
CD40L circulates in monomer, dimmer or trimer form and
is considered functional and capable of inducing a CD40—
CDA40 ligation with CD40 bearing cells [13].

The involvement of CD40—CD40L pathway in the patho-
genesis of lupus nephritis has been documented by several
studies in humans [6,15—20] and murine models [21—25].
In addition, the blockade of the pathway by anti-CD40L anti-
bodies has ameliorated the clinical and laboratory parameters
of nephritis in both mice [26—29] and humans [30]. We as-
sumed that the sSCD40L is able to cross the glomerular barrier
and potentially interact with CD40 bearing cells of renal tissue
at the initial phase. Therefore, one of the aims of our study was
to detect sSCD40L in urine samples from SLE patients with ac-
tive nephritis, considering that urine is originated directly from
the injured tissue.

Similarly, few studies are referring to the role of the CD40—
CDA40L pathway in the pathogenesis of SS [31—34]. Recently, it
has been shown that salivary gland epithelial cells from pSS pa-
tients express high levels of CD40 molecule [35]. We specu-
lated that sCD40L might interact with the CD40 bearing
epithelial cells of the injured glandular tissue and create a further
induction of their antigen-presenting phenotype. In the present
study, we measured the levels of sCD40L in sera and salivary
samples from patients with pSS and evaluated possible correla-
tions with clinical manifestations such as cryoglobulinemia,
glomerulonephritis and peripheral neuropathy, as well as sero-
logic findings such as anti-Ro/anti-La autoantibodies and RF.

2. Materials and methods
2.1. Patients and biological specimens

Blood was obtained from 23 consecutive SLE patients, 23
pSS patients, 16 RA patients and 17 healthy blood donors,
and serum was separated immediately after phlebotomy by
centrifugation at 2500 rpm and stored at —80 °C.

Paired serum and salivary samples were obtained from 10
patients including 5 with SS and cryoglobulinemia, 5 with
SS and autoantibodies to Ro/SSA and/or La/SSB and 5 healthy
individuals. Unstimulated whole saliva was collected from
subjects over a period of 15—20 min. Saliva was centrifuged
at 50,000 x g for 15 min to remove debris. The supernatants
were stored at —80 °C until tested.

Paired serum and urine specimens were obtained from 3
SLE patients with active nephritis (defined as any of the fol-
lowing: proteinuria > 500 mg/day, macroscopic or micro-
scopic hematuria, urinary casts and raised serum creatinine
or reduced creatinine clearance) who underwent renal biopsy,
and 3 SLE patients with inactive nephritis under treatment.
The first SLE patient, with active lupus nephritis, had protein-
uria of 590 mg/day and diffuse proliferative glomerulonephri-
tis in renal biopsy (class IV according to WHO classification).
The second patient had proteinuria of 2500 mg/day, micro-
scopic hematuria of glomerular origin and focal segmental
proliferative glomerulonephritis (class III according to WHO
classification). The third patient had proteinuria of 1750 mg/
day and membranous glomerulonephritis (class V according
to WHO classification). Finally, from the 3 SLE patients
who had inactive lupus nephritis, 2 disclosed histological
features of mesangial lupus nephritis in renal biopsy (class
IT according to WHO classification) and 1 disclosed features
of focal segmental proliferative glomerulonephritis (class III
according to WHO classification). Serum was processed as
described above. Morning urine specimens collected from
patients were centrifuged at 2500 rpm for 10 min, and the
supernatants were concentrated 10-fold and stored at —80 °C
until tested.

SLE and RA patients satisfied the diagnostic criteria of the
American College of Rheumatology (ACR) for SLE and RA,
respectively [36,37] and SS patients met the validated Euro-
pean diagnostic criteria [38]. All patients were followed up
at the outpatient Rheumatology department of pathophysiol-
ogy (Medical School-University of Athens).

2.2. ELISA for sCD40L

The levels of soluble CD40L was measured by a 2-site
sandwich ELISA, based on two anti-CD40L monoclonal anti-
bodies, reacting with distinct epitopes on CD40L molecule.
Polystyrene microtiter plates were coated with 100 pl in
each well of the diluted anti-human CD40L monoclonal anti-
body (1 mg/ml, TRAPI clone; Pharmingen, San Diego, CA) in
carbonate-bicarbonate buffer 1:1000, or 1% bovine serum
albumin (BSA) in PBS for control wells. After overnight incu-
bation at 4°C, the wells were washed 5 times with 200 pl
PBS—Tween-20 (0.01%) in each well and blocked with
200 pl of nonfat milk 5% in PBS in each well, for 3 h at
room temperature. Serum samples were prepared in a dilution
of 1:100 in PBS—1%BSA, salivary samples in a dilution of
1:10 in PBS—1%BSA and urine samples in a dilution of 1:1.
Subsequently, the plates were washed 3 times with PBS—
Tween 20 (0.01%) (200 pl/well) and then 100 pl of a diluted
serum sample, salivary sample or urine sample, were added
in duplicates and incubated overnight at 4 °C. After washing
5 times with PBS—Tween-20 (0.01%), 100 ul of biotin la-
beled-anti CD40L monoclonal antibody (1 mg/ml, 24—31
clone; Ancell, Bayport, MN, USA), diluted 1:1000 in PBS—
1%BSA was added to each well and plates were incubated
for 2h at room temperature. After washing 3 times,
streptavidin—alkaline  phosphatase (1 mg/ml,  Jackson,
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Baltimore, MD, USA), diluted 1:5000 in PBS—1%BSA was
added to each well and plates were incubated for 1h at
room temperature. The plates then were washed 3 times,
100 pl of phosphate substrate solution (pNPP, Sigma, St Louis,
MO, USA) was added to each well and the optical density was
measured at 410 nm.

3. Results

3.1. Evaluation and reliability of the assay used for the
sCD40L detection in biological fluids

In order to assess the repeatability and reliability of the as-
say, preliminary studies were performed, using recombinant
trimeric SCD40L in several concentrations in order to create
a standard curve (data not shown). In addition we used as neg-
ative and positive controls, supernatants from a HEC-mock
cell line and a HEC-mock cell line transfected with CD40L,
respectively. Finally the influence of hemolysis was estimated
using healthy control donors. We observed that binding of
sCD40L in sera was correlated with the level of hemolysis
(data not shown). Thus special care was taken during
phlebotomy.

3.2. Determination of sSCD40L levels in patients
with autoimmune diseases

Serum samples from 23 SS patients, 23 SLE patients, 16
RA patients and 17 normal subjects were tested in the
sCD40L ELISA in order to establish the role of sCD40L in
the pathogenesis of Sjogren’s syndrome and SLE (Fig. 1).
We expressed the levels of sCD40L in ELISA binding units.
More specifically, we defined the value of 100 binding units
as the cutoff value for the ELISA protocol, calculated as the
mean normal sera binding units plus 3 standard deviations.
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Fig. 1. Measurement of soluble CD40L levels in different autoimmune rheu-
matic diseases. Dotted lines represent the cut-off values, calculated as the
mean binding units of normal sera plus 3 standard deviations.

The median value of sera binding units of healthy controls
was 38.0 The median value of sera binding units of SLE pa-
tients was 57.6 and 8 patients out of 23 (34.7%) had binding
units values above the cut-off value (referred as “‘positive”
SLE patients). The median value of sera binding units of SS
patients was 61.4 and 8 patients out of 23 (34.7%) had binding
units values above the cut-off value (referred as “positive” SS
patients). The RA group had a median value of sera binding
units of 52.6.

Sera of SLE patients had significantly higher levels of
sCD40L than the control sera donors (p =0.0128, by
Mann—Whitney unpaired nonparametric test) and similarly
sera of SS patients had significantly higher levels of
sCD40L than the control sera donors (p = 0.0352, by
Mann—Whitney unpaired nonparametric test).

3.3. Clinical and laboratory parameters of pSS
and SLE patients

The SLE disease activity was determined by the ECLAM
score. The 8 SLE ‘“‘positive” patients (who had OD values
above the cut-off value) had a median ECLAM score of 2.5
whereas the 15 SLE “negative” patients had a median
ECLAM score of 2.0. From the 8 SLE “positive” patients, 5
patients (62.5%) had positive anti-dsDNA antibody, 6 patients
(75%) had ENAs auto-antibodies and 6 patients (75%) had low
C4 serum levels. From the 15 “negative” SLE patients, 5 pa-
tients (29%) had anti-dsDNA, 7 patients (46.6%) had ENAs
auto-antibodies and 9 patients (60%) had low C4 serum levels.
No SLE patient had low C3 serum value (Table 1).

In the SS ““positive” group (8 patients), 1 patient (12.5%)
had positive RF and 3 patients (37.5%) had Ro or La

Table 1

SLE patients

Patient # ECLAM C3 C4 Anti- ENAs
dsDNA

1 3 111 32 - Ro/La

2 2 66.8 27.2 + Ro

3 4 158 0 — Ro

4 4 102 9 + Ro/La

5 5 70 16 + UIRNP

6 0 95 15 + -

7 2 77 6 + Ro/UIRNP

8 1 128 18 — —

9 4 99 11 — Ro/La

10 2 70 31 — Ro/La

11 3 60 10 — —

12 1 73 5.8 + Ro

13 5 70 13 — —

14 0 74 18 — Ro/La

15 3 103 11 + -

16 3 70 14 + -

17 3 59 8 + -

18 1 113 10 - Ro

19 0 77 25 — Ro

20 1 70 9 — Ro/La

21 5 57 7 + -

22 1 98 26 — —

23 1 97 19 — —
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autoantibodies. In the SS “‘negative” group, 5 patients (33.3%)
had positive RF and 4 patients (26%) had Ro or La autoanti-
bodies. All SS patients had normal C3 and C4 serum values.
Clinical manifestations were also recorded at phlebotomy
period. From the “positive” SS patients, 1 patient (12.5%) ex-
perienced Raynaud phenomenon, 2 patients (25%) had periph-
eral neuropathy and 5 patients (62.5%) had arthritis. From
the 15 “negative” SS patients, 1 patient (6.6%) had peripheral
neuropathy, 2 patients (13.3%) had old purpura lesions and 7
patients (46.6%) had arthritis. No thyroid, pulmonary, liver or
renal involvement was observed in either group. Similarly no
SS patient had developed lymphoma (Table 2).

3.4. Correlation of sSCD40L levels with rheumatoid
factor (RF) activity in patients with pSS

We investigated a possible correlation between RF and
sCD40L in pSS. RF is considered a common autoantibody
in pSS. Furthermore, sCD40L showed a significant correlation
with IgM-RF and IgG-RF titers in RA [39]. We performed
a chi-square test, in pSS patients, which revealed no such
correlation.

3.5. Detection of sCD40L in body fluids from the
site of injury

Paired serum and first morning urine samples from 6 SLE
patients, 3 with active nephritis and 3 with inactive nephritis
were also tested with the sCD40L ELISA protocol. Prelimi-
nary studies with urine specimens from healthy control donors
reveal no binding before and after dialysis for 48 h (data not
shown). No binding was detected in the urine of the 3 SLE

Table 2
SS patients

patients with recently diagnosed active nephritis who received
no treatment. Similarly, no binding was detected in the 3 SLE
patients with inactive nephritis under treatment. Urine samples
form all 6 patients were concentrated 10-fold and tested with
the ELISA protocol. No binding was detected either (Fig. 2).

Finally, paired serum and salivary samples from 5 patients
with SS and cryoglobulinemia, 5 patients with SS and autoan-
tibodies to Ro/SSA and/or La/SSB and 5 age-matched healthy
control donors were detected for sCD40L. Salivary samples
from all patients of each group had low values, independently
from the respective OD values of the serum samples, including
healthy control donors and pSS patients (Fig. 3).

4. Discussion

sCD40L is considered a proinflammatory and prothrom-
botic cytokine in cardiovascular diseases [40,41]. The major
sources of the soluble form of sCD40L are activated CD4 lym-
phocytes [14] and activated platelets [5]. Increased levels of
sCD40L have been found in SLE [13,14], RA [39], systemic
sclerosis [42], MCTD [43], IBD [10] and ITP [44]. Increased
levels of sSCD40L have been correlated with disease activity in
SLE [14] and many studies have documented the effectiveness
of anti-CD40L therapy in lupus nephritis at many murine
models [26—29]. It has also been found that lupus nephritis,
at the initial phase, is auto-antibody dependent, but cell-
to-cell interactions are further needed to maintain the tissue in-
jury including the activation of the CD40—CD40L pathway
[45]. Taking into consideration that sSCD40L is a 18—20 kDa
protein and circulates in monomer, dimmer and trimer form
[14], we assumed that the sCD40L might be involved in the
pathogenesis of lupus nephritis.

Patient # Raynaud  Arthritis Thyroid Lung Liver Purpura PeriphNeurop Kidneys Lymphoma RF Anti-Ro Anti-La C3 C4
1 — — — — — — — — — — — — 112 24
2 - + - - - - + - - + - — 78 10
3 — — — — — — — — — — — — 91 24
4 - - - — — - - - — - + - 104 16
5 — + — - - - - — - — - — 118 17
6 - + - - - - - - - — + — 107 67
7 + + — - — — - - - - - - 111 18
8 - + - - - - + - - — + — 105 23
9 - + - - - - - - - + + 118 64
10 — - — — — — — — — — — — 111 25.6
11 — — - — - — - — — + - — 924 28
12 — + — — - — — — — — - - 88 31
13 — + — - - - - — — - - - 75 36
14 — — - - - - - - — + — — 79 17
15 — + — - - - - — — — - - 86 58
16 — - — — — + - - - + + — 203 46
17 - - - - - — — — - + — 101 41
18 — — — — — — — — — — — 79 30
19 - - - - - — — — - - + - 97 14
20 - + - - — - — - - - - — 68 29
21 - - - — - — - - - — - — 66 77
22 — + — — — — - — — — - - 90 37
23 - + - - - + + - - + + + 110 14
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Fig. 2. Measurement of soluble CD40L levels in paired serum and first morn-
ing urine samples from 6 SLE patients and 3 age-matched healthy control
donors.

We found that SLE patients have statistically significant
higher binding units values than the healthy control donors,
which indicates that serum level of sCD40L is increased in
SLE patients. Consistent with this data, is the fact that a per-
centage of 34% of SLE patients had binding units values
above the cut-off point. SLE-sCD40L positive patients had
a tendency to develop more frequently anti-dsDNA (62.5%
vs. 29%) and ENAs (75% vs. 46.6%) and had a median
ECLAM score value higher than SLE negative patients (2.5
vs. 2.0). These findings confirm previous studies that correlate
the presence of sCD40L with the disease severity.

We examined urine samples of 3 SLE patients with active
nephritis, 3 SLE patients with inactive nephritis and healthy
donors in order to investigate the role of sCD40L in the path-
ogenesis of SLE nephritis. Previous studies have reported that
in normal kidney, CD40 is expressed on mesangial, endothe-
lial cells and distal tubules but not in distal tubules. CD40 ex-
pression is up regulated in lupus nephritis and is additionally
expressed also in distal tubules [46]. Urine samples from
healthy subjects as well as patients with active and inactive ne-
phritis demonstrated no binding in the sCD40L assay, even
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Fig. 3. Measurement of soluble CD40L levels in paired serum and salivary
samples from 5 patients with SS and cryoglobulinemia, 5 patients with SS
and autoantibodies to Ro/SSA and/or La/SSB, and 5 age-matched healthy con-
trol donors.

after 10-fold concentration. The normal glomerular filtration
barrier is characterized by size and charge selectivity. Low
molecular substances such as 2 microglobulin, with a molec-
ular weight of 25,000 Da, can easily cross the barrier. The glo-
merular basement membrane and endothelial cells possess
a negative charge and therefore negatively charged substances
such as albumin are repelled [47]. The monomer form of
sCD40L is relatively small in size (18,000 Da) and possesses
a positive charge (+5 at pH 7). These characteristics render
the monomer form of SCD40L capable of crossing the renal
protein barrier. In addition, the inflamed glomerulus in active
lupus nephritis is likely to demonstrate increased permeability
for such proteins. The fact that no sCD40L was detected in
urine samples can be attributed to other parameters such as
shape and flexibility. Alternately, sCD40L circulates also in
dimmers or trimers with increased size and shape. Finally,
sCD40L might be consumed within the tubules by CD40 bear-
ing cells or might be reabsorbed by the renal tubular cells. Al-
though the role of the CD40—CDA40L pathway has been well
documented in lupus nephritis, more intense research is
needed to identify the possible involvement of sCD40L.

SS is a chronic autoimmune systemic disease, characterized
by lymphocytic infiltration into the salivary and lacrimal
glands [48]. About half of pSS patients will develop systemic
disorders. The inflammatory infiltrate of the salivary glands in
pSS consists mainly of activated CD4—CDA40L bearing lym-
phocytes and B cells [49]. Recently, our laboratory has demon-
strated that salivary gland epithelial cell lines derived from SS
patients manifested increased constitutive surface expression
of CD40 [35]. These findings indicate that CD40—CD40L in-
teractions may contribute to disease progression. In this re-
gard, sCD40L may act as an inflammatory cytokine which
interacts with CD40 bearing epithelial cells, enhancing the an-
tigen-presenting phenotype of the involved epithelium.

In the present study, we found that patients with pSS had
significantly higher binding units values than normals and
a 34% percentage of pSS patients had binding units values
above the cut-off point, indicating that pSS patients have in-
creased serum level of sCD40L. The increased levels of
sCD40L were not correlated with any clinical or laboratory
parameter. Previous studies reported a positive correlation be-
tween the levels of RF and sCD40L in RA [39]. Since RF is
a common serologic finding in pSS, we examined the associ-
ation between RF and sCD40L in pSS and found that such
a correlation does not exist. It is noteworthy though that two
SS “positive” patients had peripheral neuropathy (25%) ver-
sus one ‘‘negative” patient (6.6%). Taking into consideration
that the CD40L molecule is expressed on activated T cells
and not on resting T cells, we assume that most probably
sCD40L is derived from the membrane-bound CD40L on
activated T cells, after cleavage. This mechanism is not
disease-specific and represents a means of down-regulation
of the surface-exposed CD40L of biological importance,
seen in many other autoimmune diseases such as SLE [14].

Furthermore, cryoglobulinemia in SS has been associated
with palpable purpura, peripheral neuropathy, glomerulone-
phritis and lymphoproliferation as late sequelae of the disease



170 A. Goules et al. | Journal of Autoimmunity 26 (2006) 165—171

[50,51,52]. Cryoglobulinemia usually precedes the clinical
manifestations mentioned above. In order to establish the pos-
sible role of sSCD40L in the pathogenesis of pSS and to inves-
tigate any possible correlation with the development of
cryogobulinemia, we examined paired serum and salivary
samples from 5 patients with pSS and cryoglobulinemia, 5
patients with SS and anti-Ro or anti-La autoantibodies and 5
age-matched healthy controls. Saliva is considered a rare
biological material in pSS patients since it is directly collected
from the injury site. We found no binding in salivary samples
in any of the three groups. The presence of cryoglobulinemia
denotes an oligoclonal or monoclonal B-cell expansion, which
suggests an antigenic T-cell dependent process [52] whereas B
and T cells can interact via the CD40—CDA40L pathway. The
fact that sCD40L was not detected in salivary samples of
pSS patients with cryoglobulinemia or in pSS patients with
anti-Ro or anti-La antibodies, connotes that if the microenvi-
ronment of the infiltrated epithelium is a site of B—T cell in-
teraction, sCD40L might be consumed by B cells and
epithelial cells. Technical reasons such as entrapment of
sCD40L into mucus and subsequent removal with debris
might also contribute to the negative finding. We should also
note that all pSS patients with cryoglobulinemia who partici-
pated in the study underwent immunoregulatory therapeutic
intervention, which may alter the production of sCD40L. Al-
though our data demonstrated increased levels of sCD40L in
sera of pSS patients, the role of sCD40L in the pathogenesis
of pSS and the development of cryoglobulinemia, lymphopro-

liferation and glomerulonephritis needs to be further
investigated.
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