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INTRODUCTION

Systemic lupus erythematosus (SLE) is an
autoimmune disease characterized by the
formation of immune complexes (ICs), which
contain a complex mixture of autoantigens nucleic
acids, nucleic acids-associated proteins and
corresponding autoantibodies. In SLE, ICs are
deposited in multiple organs. Vasculopathy and
vasculitis in SLE are typical complications and are
associated with deposition of ICs on endothelium,
endothelial activation and inflammatory cell
infiltration'.  Endothelial ~ activation s
characterized by phenotypic changes from a
quiescent, unresponsive to a responsive state.? The
activated endothelial cell phenotype is permeable,
prothrombotic, and  pro-inflammatory.®  The
activational state of the endothelial layer is a
major determinate for the initiation; localization;
extent and propagation of inflammatory damage.*
Therefore, factors of endothelial cell activation or
damage are of considerable interest.

In the past few years, angiopoietin-2 (Ang-2) has
emerged as a key mediator of endothelial cell
activation.* Ang-2 protein is produced by
endothelial cells themselves and stored in

endothelial cell Weibel-Palade Bodies (WPBs)

and thus, is readily available following endothelial

stimulation. The release of Ang-2 results in rapid
destabilization of the endothelium, suggesting that
Ang-2 functions as an autocrine negative regulator
of the quiescent resting endothelium. Moreover,
Ang-2 triggers an inflammatory response by
activating the endothelium and inducing
permeability.” The Ang-2 receptor system has
been recently identified as a major regulator of
vascular responsiveness to inflammatory stimuli.
It has been reported that the endothelial activation
iS emerging as a key event for leukocyte
recruitment and accelerated atherosclerosis in
SLE. Assuming that endothelial activation in SLE
represents an Ang-2 dependent process, the amount
of Ang-2 within the circulation should presumably
reflect the extent of activated endothelial surface.®

Another endothelial marker, thrombomodulin
(STM) is present in large quantities on the surface
of the endothelium, particularly in the
microcirculation, where it acts as an anticoagulant.
The TM-thrombin complex catalyzes the
generation of the anticoagulant molecule activated
protein C, and prevents thrombin from converting
fibrinogen to fibrin and from exerting other

procoagulant effects.” Soluble TM (sTM) is an
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established marker of endothelial cell damage.®®
The vascular inflammatory damage in SLE
whereby the endothelial cells are affected includes
local secretion of pro-inflammatory cytokines like
tumour necrosis factor-o (TNF-a) or interleukin-1
(IL-1), ICs deposition, overproduction of nitric
oxide (NO) and increasing expression of adhesion
molecules™® leading to adherence of neutrophils
and activation of the endothelium. After
adherence, neutrophils secrete several enzymes,
such as myeloperoxidase and elastase, which
cause endothelial injury reflected by increasing
the amount of STM release into the circulation.™
So increase levels of STM in serum after
endothelial injury has been reported as an
evidence for a pro-thrombotic state in SLE.*?

Peripheral blood biomarkers of endothelial cell
activation may therefore be clinically useful in
systemic lupus erythematosus. The aim of this
study was to examine the clinical utility of two
proposed biomarkers of endothelial activation
angiopoietin-2 and soluble thrombomodulin in
SLE, correlating their serum concentrations with

disease activity and renal affection.

SUBJECTS AND METHODS

Patients and controls

Sixty SLE patients fulfilling the updated
American College of Rheumatology (ACR)
revised criteria for the classification of SLE™
were recruited from the rheumatology outpatient
clinic and internal medicine department,

rheumatology division, Ain Shams University

Hospital, Cairo. Patients with other inflammatory
diseases or malignancy were excluded. There
were 6 male patients and 54 female patients, their
ages ranged from 20 to 39 and the median was 24
years.

Full history taking and clinical examination were
performed for all patients. Assessment of disease
activity was done using the Systemic Lupus
Erythematosus Disease
(SLEDAI).'* SLE Patients were divided according
to disease activity into two groups: inactive SLE
group including 20 patients (SLEDAI < 6) and

active SLE group including 40 patients (SLEDAI

Activity Index

> 6) which further subdivided according to
presence or absence of nephritis into: active SLE
with nephritis (n=28), active SLE without
nephritis (n=12). Active LN was defined as
having histopathological evidence of immune
complex-mediated glomerulonephritis, plus the
current renal portion of SLEDAL. This consists of
the four kidney-related items of the SLEDAI
which are hematuria (> 5 RBCs/HPF after
exclusion of stone, infection or other causes),
pyuria (> 5 WBCs / HPF after exclusion of
infection), proteinuria (> 0.5 gm/24 hour, either
of new onset or recent increase of more than 0.5
gm/24 hour) and urinary casts (granular or red
blood cell).®* Thirty age and sex-matched
apparently healthy controls with no evidence of
any rheumatologic disorder or chronic medical
illness were also included. The control group
included 27 females and 3 males their ages ranged

from 23 to 31 years and the median was 26 years.
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Laboratory testing

Complete blood count (CBC) using coulter
counter (Coulter LH 750 analyzer), erythrocyte
sedimentation rate (ESR; in mm/hour) was
determined in the first hour by the Westergren
method. Quantitative measurement of serum anti-
double stranded-DNA (Anti-dsDNA) antibodies
was determined by EIA (anti-dsDNA Kit,
ORGENTEC Diagnostika GmbH ELISA kit
(Carl-Zeiss Strarabe49), Germany). Levels of
complement 3 and 4 (C3 and C4) were measured
by nephelometric method wusing Minineph™
human C3 and C4 kit (Binding site Group Ltd,
Birmingham, UK). Serum creatinine, blood urea
nitrogen (BUN), complete urine analysis and
measurement of protein creatinine ratio (pr-cr)
were also performed.

Assessment of Angiopoietin-2 levels: Using
Quantikine® Human
Immunoassay ELISA kit (R&D Systems, Inc
Minneapolis), USA.

Assessment of soluble thrombomodulin levels:

Angiopoietin-2

Using Quantikine® Human Thrombomodulin/
BDCA-3 Immunoassay ELISA kit (R&D Systems,
Inc Minneapolis), USA.

Statistical Analysis:

IBM SPSS statistics (V. 20.0, IBM Corp., USA,
2011) was used for data analysis. Data were
expressed using median, 25" and 75™ percentiles.
Nominal data were expressed as frequency and
percentage. Comparisons between patients and

controls and between patients' subgroups were

done using Mann-Whitney test. The correlations
between Ang and sTM concentrations and
different parameters were calculated with
Spearman’s rank correlation test. Receiver
operator  characteristic  (ROC)  procedures
identified optimal cut-off values for both markers
to differentiate between SLE patients with and
without activity and patients with and without LN.
P-value <0.05 was considered significant and P-

value < 0.001 was highly significant.

RESULTS

Sixty patients with SLE were analyzed. The main
demographic and clinical characteristics are
shown in (table 1).

Both Ang-2 and sTM concentrations increased in
patients with SLE in comparison to controls
(P<0.001). The median serum concentration of
both markers were significantly higher in different
SLE patients' subgroups compared to healthy
controls (P<0.001) (Table 2).

Table 3 and figure 1 show the results of markers
measurements in active and inactive groups. Both
Ang-2 and sTM serum were significantly higher
in the active group (P<0.001). Table 4 and figure
2 show the results of markers measurements in
active patients with and without nephritis
subgroups. Both Ang-2 and sTM serum were
significantly higher in active patients with
nephritis subgroup (P<0.001).

Using correlation studies among active SLE
group, serum STM levels showed highly

significant positive correlations to serum BUN,
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creatinine, protein/creatinine ratio and SLEDAI
score (r= 0.75, 0.78, 0.79 and 0.75, respectively)
(P<0.001). Similarly, Ang-2 showed highly
significant positive correlations to serum BUN,
creatinine, protein/creatinine ratio and SLEDAI
score (r= 0.72, 0.70 and 0.96, respectively)
(P<0.001), in addition to a significant positive
correlation to anti-dsDNA levels (r= 0.72, P=0.05)
(Table 5).

Diagnostic performance study using Receiver-
operating characteristic (ROC) curve analysis and
multiple cut-off levels for detection of SLE
activity and nephritis revealed that sSTM with an
optimum cut-off level of >600 pg/mL has
diagnostic sensitivity, specificity, positive and
negative predictive values and efficacy of 87.5%,
95%, 97.2%,79.2% and 90%, respectively for

discriminating active from inactive patients.
While diagnostic validity tests for Ang-2 have
shown to be 100% for all criteria (sensitivity,
specificity, positive and negative predictive values
and efficacy), with an optimum cut-off level of
>580 pg/mL (Table 6). For discrimination of LN
the optimum cut-off level for sTM was
>800pg/mL,  with  diagnostic  sensitivity,
specificity,
values and efficacy of 96.4%, 83.3%, 93%, 91%
and 92.5%, respectively, while the optimum cut-
off level of Ang-2 was >925 pg/mL, with 100%

for all diagnostic validity criteria (sensitivity,

positive and negative predictive

specificity, positive and negative predictive values
and efficacy) (Table 7).

Table 1 Demographic and clinical manifestations as defined by SLEDAI scoring system of patients with

Parameter SLE patients
(n =60)
Demographic data
Age (years), median(25™-75")percenties 24(20- 39)
Sex , female, % 90%
Clinical manifestations
Vasculitis, % 5%
Arthritis, % 23.3%
Myositis, % 1.6%
Urinary Casts, % 6.6%
Hematurea, % 5%
Proteinurea , % 46.6%
New Rash, % 8.3%
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Alopecia, % 8.3%
Mouth Ulcers, % 13.3%
Pleurisy, % 1.6%
Low Complement, % 58.3%
Anti-DNA antibodies, % 43.3%
Thrombocytopenia, % 10%
Leucopenia, % 23.3%

SLEDAI, Systemic Lupus Erythematosus Disease Activity Index

Table 2. Comparison between controls and different SLE patients' subgroups as regards serum Ang-2 and

STM levels:

Ang-2 level STM level p. value

(pg/mL) value (pg/mL) median | controls/patie
Studied median (25th- | BT TR | (25th-75th) nts'
subgroups 75th) s sub ropu s percentiles subgroups

percentiles group
Controls n:30 270(190-376.2) — 100 (95-150) —
All patients' 880(492.5- o i o
group n:60 1187.5) <0.001 850 (600-1075) | <0.001
Active n:40 1055(870-1600) | <0.001** iggg)(slz.s- <0.001%*
Inactive n:20 455(405-497.5) <0.001** 450 (275-600) <0.001**
Active Nephritis o 1150 (1000- o
108 1250(1050-1775) | <0.001 1537 5) <0.001
Active WIthout | 200757 5 847.5) | <0.001%* 725 (600-837.5) | <0.001**

Nephritis n:12

P > 0.05: Non-significant difference
P < 0.05: Significant difference (*)

p <0.001: Highly significant difference (**)
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Table 2. Comparison between active & inactive SLE patients’ groups as regards median serum Ang-2 and

STM levels :
Active Inactive
n:40 n:20
P. value
; th_-th ; th_oth
Parameter edian (257-75") | median (25™-75")
percentiles percentiles
Ang-2
1055(870-1600) 455(405-497.5) <0.001**
(pg/mL)
TM(pg/ml) 1000(812.5-1500) | 450(275-600) <0.001**
P > 0.05: Non-significant difference
P < 0.05: Significant difference (*)
P <0.001: Highly significant difference (**)
1200 :
Active
1000 M Inactive
800
600
400
200
0
™ Ang-2

Figure 1. Comparison between active & inactive SLE patients' groups as regards median serum sTM and
Ang-2 levels
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Table 3. Comparison of Serum Ang-2 and sTM in active with nephritis versus active without nephritis SLE

patients' subgroups:

Active patients n: 40

with Nephritis

Subgroup 28 Without Nephritis
n:
n:12 P. value
median (25"- _ _—
Parameter median (25"-75")
75™) _
) percentiles
percentiles
Ang-2
1250(1050-1775) | 765(727.5-847.5) <0.001**
(pg/mL)
1150(1000-
TM (pg/mL) 725(600-837.5) <0.001**
1537.5)
P > 0.05: Non-significant difference
P < 0.05: Significant difference (*)
P<0.001: Highly significant difference (**)
1400
1200
1000

800
600
400
200

™ Ang-2

Active Nephritis m Active without nephritis

Figure 2. Comparison of median serum levels of Ang-2 and sTM between active with nephritis and active

without nephritis SLE patients' subgroups
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Table 5. Correlations between both serum Ang-2 and sTM and different studied laboratory parameters

among active SLE group

Ang-2 sTM

Parameter

r value p value r value p value

Hb (gm/dl) -0.19 >0.05 -0.11 >0.05
TLC(109/L) 0.11 >0.05 0.13 >0.05
Lympocytes (109/L) -0.14 >0.05 -0.22 >0.05
Platelets(109/L) 0.16 >0.05 0.19 >0.05
ESR (mm/hr) 0.20 >0.05 0.17 >0.05
Protein/Creatinine 0.79 <0.001** | 0.79 <0.001**
BUN (mg/dL) 0.72 <0.001** |0.75 <0.001**
Creat (mg/dL) 0.70 <0.001** |0.78 <0.001**
C3 (mg/dL) -0.29 >0.05 -0.30 >0.05
C4 (mg/dL) -0.26 >0.05 -0.29 >0.05
Anti-dsDNA (IU/ml) | 0.38 0.05* 0.30 >0.05
SLEDAI Score 0.96 <0.001** | 0.75 <0.001**

Table 6. Diagnostic performance of serum sTM and Ang-2, C3, C4 and Anti-dsDNA titre as regards disease

activity

Specifici | Sensitivi
Cutoff Efficacy
Parameter level (%)

™
(bg/ml) > 600 . 90

Ang-2

>580

(pg/mL)

C3 (mg/dL) | <115

C4 (mg/dL) | <16
Anti-
dsDNA >24
(IU/ml)

P: predictive values
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Table 7. Diagnostic performance of serum sTM, and serum Ang-2, C3, C4 and Anti-nDNA titre as regards
kidney affection in SLE

Cutoff | Specificit
level y (%)

Parameter

Sensitivit

Efficac
y (%)

™
>800 83.3

(pg/ml)

925

Ang-2
(pg/mL)

C3 (mg/dL)

C4 (mg/dL)

Anti-
dsDNA
(1U/ml)

P: predictive values

DISCUSSION

Endothelial dysfunction in SLE is produced by the
clustering of traditional risk factors, adverse
effects of treatment and SLE itself as an
independent  risk  factor™  in  which
immunologically mediated vascular endothelial
cell activation is regarded as a potential
pathophysiological mechanism of systemic organ
damage.'®

Ang-2 is released by vascular endothelial cells and
is an important cytokine that participates in
physiological activities and pathophysiological
events of endothelial cells.'” Also TM is a cell
surface glycoprotein and presents in vascular
endothelial cells specifically. It is considered as a

molecular marker of endothelial injury.'®

In the present study, serum Ang-2 and sTM
levels showed a highly significant increase in
active SLE patients compared to inactive SLE
patients and healthy controls, which agreed with
those described previously.®21%2?! Elevated levels
of Ang-2 and sTM in SLE may be explained by
the fact that SLE is characterized by inflammatory
vascular damage whereby the endothelial cells
(ECs) are affected.

It was suggested that endothelial activation in
active SLE may represent an Ang-2 dependent
process; the amount of Ang-2 within the
circulation can reflect the extent of activated
endothelial in the surface, especially in Kidney
endothelium.? Moreover, STM which is normally

a component of vascular EC membrane is easily
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released to plasma in patients with active SLE due
to persisting EC detachment in active SLE
patients. It was suggested that elevated STM levels
reflect EC damage rather than activation, because
EC-leucocyte adhesion and interaction after the
activation of inflammatory cytokines might result
in the release of TM from the EC surface.”®
Increased sTM level in plasma and loss of its
function can occur by several mechanisms,
including cytokine-induced suppression of TM
(TNFo. and IL), activated neutrophil-elastase-
dependent proteolytic release of sTM from the
endothelial membrane,” immune complexes
deposition, overproduction of NO and oxidation
of functionally critical amino acids in the
extracellular TM domain.”®

These findings support our finding in the present
study, as we have demonstrated a significant
positive correlation of sTM level with SLEDAI
score. However, no significant correlations could
be obtained between sTM and other parameters of
disease activity such as anti-dsDNA, C3 and
C4.These results agreed with Horaka et al. who
found no significant correlation between sTM and
anti-dsDNA in most subgroups.®® So they
concluded that although serum sTM as well as
anti-dsDNA antibody concentration express the
disease activity, but their correlation is not strong
enough and serum levels of TM reflect the fact,
that this free molecule is not a product of the
autoimmune stimulation like anti-dsDNA, neither

plays role in immune complex clearance as

complement components, but it is released by ECs
injury.?’

Regarding serum Ang-2, active SLE patients
showed
correlations with SLEDAI score and anti-dsDNA

statistically ~ significant  positive
titre. Our results also agreed with those of Kiimpers
et al.® Meanwhile, El-Banawy et al. showed that
serum Ang-2 levels were positively correlated
with SLEDAI score; however they could not
demonstrate significant correlation to anti-dsDNA
positivity.?! This may be related to difference in
method used in assessment of anti-dsSDNA result.
Accordingly, we suggest that the quantitative
assessment of anti-dsDNA (unlike study of El-
Banawy et al., 2011) might better allow the
detection of the correlation between serum anti-
dsDNA and Ang-2 levels.

To elucidate the relation between serum Ang-2,
serum sTM and renal affection, active patients
with lupus nephritis were compared to active
patients without (n=28, 12 respectively). A highly
significant elevation of both serum Ang-2 and
sTM among the nephritic group was
demonstrated. These results were compatible with

those of other authors!®?1.2328-30

who suggested
that decreased renal clearance of TM is not
enough to explain the increased sTM
concentration in patients with LN as it is
execreted by kidneys but it is due to increased
endothelial synthesis and expression of TM, in
particular in the kidneys. Also, David et al.
reported that the kidney endothelium has been

identified as a rich source of Ang-2, so that
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chronic kidney disease might directly result in
increased Ang-2 release from the kidney and/or
from distant systemic endothelium.

In LN patients, serum Ang-2 and serum STM
levels were positively correlated with proteinuria
which was previously reported.?*® In accordance
Kimpers et al. showed a close correlation
between circulating Ang2 concentrations and
vascular barrier function, using proteinuria as a
surrogate marker for glomerular endothelial
permeability.® These findings are consistent with
the role of Ang2 in destabilizing endothelial cell
integrity, causing proteinuria.*

Diagnostic performance study revealed that serum
Ang-2 was superior to serum sTM and anti-
dsDNA as predictor of SLE activity (ppvs of
100%vs. 97.2 and 95.2%, respectively and
efficacies of 100% vs. 90% and 96.7%
respectively). Also for discrimination of lupus
nephritis, serum Ang-2 was much better than
serum sTM and anti-dsDNA (ppvs of 100%vs.
93%and 91.3%, respectively and efficacies of
97.5% vs. 92.5% and 77.5% respectively).

In conclusion, elevated concentrations of
circulating sTM and Ang-2 can serve as
biomarkers of disease activity and renal affection
in SLE. Serum Ang-2 was superior to serum sTM
and anti-dsDNA as predictor of SLE activity and
nephritis. Further studies should be conducted to
to put serum Ang-2 as a candidate drug target
where functional blockade could seem to protect
against endothelial damage in such disease.
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