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Plasma thrombomodulin (TM), a marker of disease activity and endothelial damage, was measured in follow up
of patients with systemic lupus erythematosus (SLE). Plasma levels of TM were measured by ELISA method using
the mouse antithrombomodulin monoclonal antibody in the group of 52 lupus patients. Disease activity was
assessed by European Consensus Lupus Activity Measurement (ECLAM) and levels of anti-dsDNA antibodies
and C3 and C4 complement components were investigated. Correlation between thrombomodulin plasma levels
and disease activity index was found (r = 0.69 p = 0.00001). Stable and low levels of TM were found in the subgroup
of patients with low stabile disease X = 32.0 (% 11.56) ng/ml with no trend to significant change. In the subgroup
with high and rising disease activity the TM levels were initially X =51.9 (£49.0) ng/ml with trend to further increase
(X = 72.66x44.0 and 98.14+71.4 ng/ml) at the following measurements. In the subgroup with decreasing disease
activity levels of TM X = 62.8+49 dropped to 38.75%+21.30 and 40.45+17.15 ng/ml, which was statistically
significant (p = 0.02). Correlation between TM and anti ds-DNA levels was not significant. TM seems to be
sensitive marker of disease activity independent from anti-dsDNA antibody titer suitable for monitoring the

disease activity as the part of the laboratory panel.

INTRODUCTION

Vasculitis plays an essential role in the SLE patho-
genesis. Many manifestations of systemic lupus ery-
thematosus, and among them also the most serious,
lupus nephritis and CNS involvement, are closely re-
lated to vasculitic damage. The classical marker of SLE
activity, anti-dsDNA antibody, reflects the autoimmune
activity of B cells, but is not directly associated with the
vasculitic damage. Thrombomodulin (TM) is a glyco-
protein, present on intact endothelial cell surfaces, that
plays a major role in the protein C activation anticoagu-
lant system. TM is transmembrane receptor of thrombin'.
Once thrombin is bound to TM, it loses its coagulant
activity and becomes activator of protein C. Its role in
SLE pathogenesis remains unknown. Plasma TM is pro-
duced by injured endothelium, and seems to be closely
related to endothelial cell damage. In previous studies
thrombomodulin was suggested as a possible new marker
of disease activity or therapeutic response in SLE>?3,

Objective of this study was to measure TM levels in
follow up of patients with SLE and to compare it to
some other disease activity markers (anti-dsDNA anti-
body, C3, C4) and to ECLAM index of disease activity
(European Consensus Lupus Activity Measurement)*.

MATERIAL AND METHODS

Patients

Thrombomodulin was measured in the group of 52
patients, 50 of them females, mean age 39 years (20-73),
mean duration of disease 4 years (0-20), who all ful-
filled at least 4 criteria of SLE according to ACR’.
Serum thrombomodulin was measured at 3 time points
during six months. Patients received following treat-
ment: Twelve patients received corticosteroid in low
dose (Prednison <7.5 mg/day), four patients antimala-
rials, one patient Methotrexate and one patient Aza-
thioprine as the single treatment. Rest of the group
received the combined drug treatment: Five patients
antimalarials and low dose corticosteroid, one patient
Methotrexate and corticosteroid >7.5 mg/day, ten pa-
tients Azathioprine and corticosteroid >7.5 mg/day, ten
patients Cyclophosphamide with corticosteroid >7.5 mg/
day and eight patients Cyclosporin A with corticosteroid
>7.5 mg/day. All patients treated with Cyclophospha-
mide (10) had active lupus nephritis, four of these were
classified as III.B, two were IV.B according to WHO
classification, the renal biopsy was not performed in
four patients. Five patients treated with Cyclosporin A
(8) had the lupus nephritis, which documented by his-
tology in 3 patients (one III.A, one IV.B, and one V.A).
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Methods

Serum levels of soluble thrombomodulin were measu-
red by ELISA method (set Diagnostica Stago, Asnieres,
France). In this assay, a solid support is coated with
specific mouse monoclonal antibody, which binds throm-
bomodulin in the assay standard or in the patient’s
sample. The bound thrombomodulin is revealed by the
use of second mouse antithrombomodulin monoclonal
antibody labeled with horseradish peroxidase, which
binds to another antigenic determinant of the throm-
bomodulin molecule that is at the distance away from
the first one. The bound enzymatic activity is then
demonstrated by its oxidative action on the substrate
ortho-phenylenediamine (OPD) in the presence of urea
peroxide. After the reaction has been stopped by the
addition of sulphuric acid, the obtained coloration is
measured at 492nm. Anti-dsDNA antibodies were de-
tected also by ELISA (set Ubi-Magiwel, Mountain View,
CA, USA) with following evaluation: <30 IU/ml nega-
tive, 30-40 IU/ml borderline positive, >40 IU/ml posi-
tive. Levels of C3 and C4 components of complement
were measured by nephelometry using the diagnostic
antiserum Behringer AG, Marburg, Germany, with nor-
mal values for C3 0.65-1.45 g/l, for C4 0.18-0.50g/1.

Statistic
Pearson correlation test and ANOVA test were used
for statistical evaluation of results.

RESULTS

The range of TM plasma levels in 52 patients was
from 7 to 202 ng/ml with mean value 49.7 ng/ml. The
positive correlation was found between TM plasma le-
vels and ECLAM index (r = 0.69, p = 0.00001) in the
group as the whole (Figure 1). The correlation with TM
was not detected for anti-dsDNA, C3 or C4 in the whole
group. ECLAM index correlated with anti ds-DNA an-
tibodies (r = 0.48, p = 0.003), C3 (r = -0.60, p = 0.002)
and C4 (r = -0.52, p = 0.003).

Patients were then divided into three subgroups ac-
cording to the ECLAM index:

1. Stabilized disease activity (ECLAM index <3 and
difference in ECLAM index during the period of
follow up <1), subgroup A 22 patients.

2. High and/or rising activity (ECLAM index >3 and/or
difference >+1 in the second and third ECLAM
scores), subgroup B 12 patients.

3. Declining activity (ECLAM >3 and difference be-
tween the initial and subsequent ECLAM scores
<-1) subgroup C 18 patients (Table 1).

Serum thrombomodulin levels were analyzed in sub-
groups A, B, C (Table 2). In the subgroup A with stable
ECLAM index TM mean values were 32 ng/ml in first
(1), 37.9 ng/ml in the second (II.) and 36.5 ng/ml in the
third (III.) series of measurements (Figure 2A). In sub-
group B with high or rising ECLAM score it was (I.)
51.9 ng/ml, (II.) 72.66 ng/ml and (III.) 98.14 ng/ml (Fi-
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gure 2B). Subgroup C with declining ECLAM index
showed values of TM (I.) 62.8 ng/ml, (II.) 38.75 ng/ml
and (III) 40.45 ng/ml (Figure 2C). Graphic comparison
of these three subgroups is in the Figure 2D.

Using the analysis of variance ANOVA the signifi-
cant difference in serum thrombomodulin levels was
found during the first series of measurements between
following subgroups: A and B (p = 0.01), A and C
(p = 0.02). No significant difference was found between
B and C. In the second series of measurements there
was significant difference between A and B (p = 0.025),
B and C (p = 0.01) and no difference between A and C.
In the third series of measurements statistical signifi-
cant difference was between A and B (p = 0.03), B and
C (p = 0.001), non significant difference then between
A and C. A significant difference was also observed
between and 1. and II,, I. and III. series of TM measure-
ments in subgroup C (p = 0.02).

Anti-dsDNA levels showed also three different trends
among the patients group:

1. Low (stabilized) negative titer — subgroup D (anti-
dsDNA <40 IU/ml), 26 patients

2. High and/or rising titer subgroup E (anti-dsDNA
>40IU/ml during the follow up or an initial value

< 40, then rising >40 IU/ml in subsequent tests), 16

patients
3. Declining titer subgroup F (initially > 40, then drop-

ping under 40 IU/ml), 10 patients (Table 1).

In subgroup D (with low stable anti ds-DNA levels)
mean values of TM were 1. 33.52 ng/ml, II. 47.0 ng/ml,
III. 41 ng/ml. In subgroup E with high or rising anti-
dsDNA titer the following mean values of TM were
found: I. 56.7 ng/ml, II. 61.88 ng/ml, III. 79.8 ng/ml.
Subgroup F characterized by declining anti-dsDNA le-
vels had in the I. series 58.0, in II. 34.5 ng/ml and in III.
31.25 ng/ml (Table 2, Figure 3). Statistical analysis of
TM levels has shown significant difference between sub-
groups D and E (p = 0.01), while no difference was
between D and E E and F subgroups. In the second
series of measurements there was no significant diffe-
rence between subgroups D, E, F. In the third series of
measurements statistical significant difference was be-
tween subgroups D and F on one side and E on the
other side (p = 0.04), non significant difference then
between D and F subgroups. Significant difference was
observed between and I. and II., I. and III. series of TM
measurement in subgroup F (p = 0.02).

In the subgroup of 15 patients with lupus nephritis
(LN) the mean values of TM were 78.33 ng/ml, anti-
dsDNA mean levels 90.07 IU/ml, ECLAM mean score
5 in the first series of measurement, in the second
TM = 66.06 ng/ml, anti-dsDNA 73.49, ECLAM 3.3 and
in the third series mean values of TM were 73.12, anti-
dsDNA 75.44 and of ECLAM index 3.4, while in all
patients without lupus nephritis TM mean level was
31.64 ng/ml, mean anti-dsDNA titer 40 [U/ml and mean
ECLAM index 2.2.

Using ANOVA analysis of TM levels, LN subgroup
was statistically different from the subgroups with stable
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low disease activity (A and D, p = 0.02) as well as from
the second and third measurement in the subgroups
with declining disease activity (C and F, p = 0.02). No
significant differences were in TM levels between lupus
nephritis subgroup and subgroups with high or rising
ECLAM score or anti-dsDNA levels (B and E).

Combining both, TM and anti-dsDNA levels, the
whole group could be divided into other four subgroups:
G with TM=>350 ng/ml + anti-dsDNA >40 IU/ml (9
patients), H with TM=>350 ng/ml and anti-dsDNA <40
IU/ml (8 patients), I with TM <50 ng/ml (12 patients)
and anti-dsDNA > 40 IU/ml and J with TM <50 ng/ml
and anti-dsDNA <40 IU/ml (23 patients).

The disease activity index was highest in subgroup G
(with both high TM and anti-dsDNA) and differed sig-
nificantly from the other subgroups, in all cases p<0.05
(Table 3 and Figure 4).

DISCUSSION

The statistical analysis of the results of the serial
follow up of TM levels in SLE shows the correlation
between thrombomodulin plasma levels and disease ac-
tivity index. This correlation seems to be stronger than
correlation between anti-dsDNA antibodies and ECLAM
index of activity. In some recent studies the thrombo-
modulin was suggested as the best marker of disease
activity in systemic lupus available at present, because
its correlation to disease activity index was the strongest
from other serological tests (ESR, C3, IgG, anti-dsDNA,
ANA, sVCAM-1, sICAM-1, sIL-2R, IL-6, IL-10, sE-
selectin)®’. However, in some probands with active disea-
se the TM levels stay low also before the administration
of therapy. The existence of some mechanism limiting
the vascular response in these cases could be one of
possible explanations.

This study demonstrates further, that TM levels tend
to be lower and without any significant changes during
the follow up of stable patients with generally low index
of disease activity. This finding corresponds with the
results of the French healthy population study, which
demonstrated the stable levels of TM in the range be-
tween 20 and 60 years®. In subgroups with constantly
active SLE (or with rising activity) the plasma levels of
TM are risen and are significantly different from the
inactive patients. In the subgroup of patients with active
disease but with decrease in activity index due to the
therapy response the thrombomodulin levels has the
similar trend as ECLAM index. Significant difference
in TM levels between stable SLE patients and subgroup
with high activity followed by the good therapeutic re-
sponse can be seen in the first series of measurement. In
the following series difference between these subgroups
loses its statistical significance and thrombomodulin le-
vels in both subgroups are very similar. Significant de-
cline in TM plasma levels can be usually observed during
first three months of follow up probably due to the
effect of therapy.
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Similar trend as in the patients divided to subgroups
according to clinical activity index could be observed, if
the patients population was divided according to the
anti-dsDNA antibodies levels into subgroups with low,
stable, high and/or rising or decreasing titer of antibo-
dies. However, the differences in TM between these
subgroups are statistically weaker. TM plasma concen-
tration expresses as well as anti-dsDNA antibody the
disease activity, but their mutual correlation is not strong
enough. Plasma levels of TM reflect the fact, that this
free molecule is not a product of the autoimmune stimu-
lation like anti-dsDNA, neither plays role in immune
complex clearance as complement components, but it is
released by endothelial cells injury. Therefore TM as a
part of coagulation system could be regarded as a marker
independent on immune response?.

Combination of two markers, TM and anti-dsDNA,
seems to provide more information on the disease and
to be more useful disease activity tool than each alone.
The subgroup with levels of TM over 50 ng/ml and
positivity of anti-dsDNA antibodies had the highest
ECLAM index, statistically different from other sub-
groups. Patients with both markers low (or negative),
the ECLAM index showed the lowest clinical disease
activity. In patients with lupus nephritis (documented
by histology or evident from the clinical picture) the TM
levels were increased corresponding with high disease
activity index and significantly higher than in the sub-
groups with minimal clinical activity. This observation
accents the role of endothelial cell damage in glomeru-
lonephritis. Some decline in TM levels was observed
after three months period of treatment, but it differed
very much among these patients, thus by statistical means
the change was not significant from the baseline measu-
rement.

Thrombomodulin is nowadays increasingly used as a
marker of endothelial damage in a large number of
diseases such as disseminated intravascular coagula-
tion’, ulcerative colitis!?, sepsis!!, malaria'> 3, pulmo-
nary hypertension, pre-eclampsia, diabetes mellitus
associated micro- or macroangiopathy'* 15, thrombotic-
thrombocytopenic purpura, adult respiratory distress
syndrome, coronary and other atherosclerotic lesions'®.
Increased thrombomodulin levels were also associated
with disease activity in vasculitis such as Takayasu’s
arteriitis, Behget disease, giant cell arteriitis, polyarteriitis
nodosa and Wegener’s granulomatosis'’. Elevation of
plasma TM was also reported in some patients with
rheumatoid arthritis'®, Sjogren’s syndrome, systemic scle-
rosis!? or dermatomyositis'® .

In SLE patients the positive correlation was reported
between TM and disease activity index> '*2!, activity of
lupus nephritis* # 2 and titer of antiphospholipid anti-
bodies!®? %, Thrombomodulin was suggested as a promi-
sing marker of therapeutic response> ¢. Since lacking
international consensus on the normal plasma throm-
bomodulin levels (the mean values in healthy persons
varied according to the assay and standard calibration
from 3-50 ng/ml)'S, it is reasonable to follow-up the
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individual thrombomodulin plasma levels?, which could
help to predict flare and vascular complications or to
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Table 2. Thrombomodulin levels in group A, B, C, D, E, Fand LP in I,
IL, III. serial measurement in the serial measurement (ng/ml)

monitor the successful therapeutic response. Subgroup + | (tm) D median min—
TM should not be regarded as a single instrument in | series of X M max
SLE evaluation and the monitoring of disease activity in | Measurement
. . . Al 32.0 11.56 30 7-62
SLE still remains based on the careful evaluation of i 379 1200 5 20-69
organ systems and on the panel of laboratory tests. [AllL 365 6.8 34 19-44
Nevertheless, the data of this study as well as other |Bl* 519 49.0 a7 25-146
dies show TM ne of the most important marker o 258 aah £as 21
Stqu]l_,G]; show 11Vl as one o p BIIL* 98.14 714 63 27-202
(6} activity. Cl.* 62.8 49.0 325 25-181
Cll.# 38.75 21.30 31 24-87
Clll. # 40.45 17.15 35 2095
Tal?le 1. Characteristics of subgroups A,B,C, D, E, E LN in I, II, III. g :I 3382 ;ggg gé ;;?29
serial measurement DIIL. 41 9.37 41 33.6-66
EI.* 56.7 41.10 32.0 25-146
Ell 61.88 415 40 30-175
Subgroup | ECLAM | anti-dsDNA Ab | C3 Cc4 EIIlL* 79.8 56.4 475 31-202
< U/ml, X 3 3 Fl. 58.0 53.00 295 26-181
/I g/l Fll. 345 10.0 31 2444
9 FII. # 31.25 5.12 39 24-44
Al 17 22.29 (+20.0) 0.77 | 0.19 LN * 78.33 50.04 100 25-146
ATl 17 105(x142) | 076 [018 | HNirtooa— (2229 * B
Alll. 18 13.25 (x10.0) 0.75 ]| 0.19
BI. 37 85.12 (+79.1) 0.60 | 0.15 A - stabilized, B high and/or rising activity, C — decreasing activity
according to ECLAM system; D stabilized, E high and/or rising,
Bl 4.2 109.9 (£62.1) 0.60 [ 0.14 F decreasing levels of anti-dsDNA antibodies, LN patients with lupus
+ nephritis
B Ill. 4.4 90.37 (£62.9) 0.65 | 0.14 ANOVA statistic, p<0.05
Cl. 4.0 77.83(£77.8) 0.56 | 0.15 * statistically significant difference between first, second and third
measurement in subgroups B, LN and first measurement in C (high
Cll. 3.0 57.81 (+54.6) 061 | 0.16 disease activity) on one side and subgroup A or D (low disease
CIlIl. 24 39.91 (£21.0) 0.68 | 0.17 activity) on the other side
# statistical significant difference between second and third measure-
DI. 19 12.36 (£9.2) 0.74 | 0.20 ments in subgroups C and F (declining activity) on one side and
DIL. 18 15.20 (+ 14.2) 075 | 0.19 subgroup B and E (high or rising activity) on the other side.
D Ill. 1.9 18.58 (+17.0) 0.73 | 0.19
El 34 93.00 (+70.3) 0.58 | 0.15 Table 3. Comparison of ECLAM score in subgroups G, H, I and J
EIl. 35 90.43 (£57.6) 0.57 | 0.15 Subgroup | ECLAM D median Minmax
E . 35 104.1 (x59.6) 0.57 | 0.15 X
G* 4.3 1.9 4 -7
FI. 3.7 93.40 (+66.6) 055 | 0.14 a 55 119 25 1
FII. 28 50.33 (£47.0) 0.61 | 0.17 I 31 0.71 3 25
F . 23 31.0(x 24.7) 0.65 | 0.16 J# 19 0.96 2 14
LN I. 5.0 90.07 (£76.5) 050 | 0.14 . i .
G with TM=350 ng/ml + anti-dsDNA >40 IU/ml, H with TM=350 ng/ml
LN II. 33 73.53(x60.97) | 059 | 0.12 and anti-dsDNA 140 TU/ml, I with TM<50 ng/ml and anti-dsDNA
>40 IU/ml and J with TM<50ng/ml and anti-dsDNA <40 IU/ml)
LN II. 34 75.44 (+55.0) 0.58 | 0.15 ANOVA statistics (p<0.05)

A - stabilized, B high and/or rising activity, C — decreasing activity
according to ECLAM system; D stabilized, E high and/or rising,
F decreasing levels of anti-dsDNA antibodies, LN patients with lupus
nephritis

* Significant difference between the subgroup G and subgroups H, I,

# Significant difference between the subgroup J and 1.
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Fig. 1 Correlations between ECLAM system and thrombomodulin and anti-dsDNA levels in the whole group of patients (n = 52)
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Fig. 3 Trend of mean thrombomodulin levels in subgroups D, E, F (D - low stable, E high and/or rising, F declining anti-dsDNA levels)
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Fig. 4 ECLAM index in subgroups G (high TM/+dsDNA), H (high TM/-dsDNA), I (low TM/+dsDNA), J (low TM/-dsDNA antibodies).
Graph shows the median, maximal and minimal values and standard deviation of ECLAM index and statistical diferences amony subgroups. NS
— non significant.
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