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Introduction
The activated endothelium expresses 
various adhesion molecules and selectins, 
whose soluble forms are detected in 
the plasma. Leucocytes bind to the 
activated endothelium via the cellular 
adhesion molecules (CAMs), including the 
selectins and immunoglobulin superfamily 
[vascular cell adhesion molecule (VCAM-
1), immunoglobulin cell adhesion 
molecule (IgCAM-1)]. There is increased 
expression of these molecules under the 
influence of atherogenic factors, facilitates 
rolling, activation, tight adhesion, and 
transendothelial migration of leucocytes 
into the intima, where they initiate 
inflammatory process.1,2 Further stimulation 
of these pathways leads to the initiation of 
atherosclerosis. CAMs are potential and key 
components of the thrombotic process.3

The inflammatory genesis of atherosclerosis 
with crucial role of adhesion molecules 
leads us to speculate that assessing 
adhesion molecules may accurately predict 
the risk of endothelial dysfunction and 
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Abstract
Background: Children with frequently relapsing (FR) or steroid-dependent (SD) nephrotic 
syndrome (NS) show endothelial dysfunction and risk of endothelial injury during relapses, 
increasing the risk of accelerated atherosclerosis and adverse cardiovascular events. This 
study examines the plasma levels of markers of endothelial dysfunction [sE-selectin and 
vascular cell adhesion molecule-1 (VCAM-1)] in children aged 1–16 years with FRNS and 
SDNS in relapse. Materials and Methods: Fifty-six children with FRNS and SDNS between 
1 and 16 years were enrolled at the time of relapse and followed till six weeks of steroid-
induced remission. Markers of endothelial dysfunction (sE-selectin and VCAM-1) in 
plasma were measured in these children and in an equal number of controls. Results: 
Plasma sE-selectin and VCAM-1 levels were significantly raised during relapse, declined 
after six weeks of steroid-induced remission, and became comparable to controls (p < 
0.0001). We found high serum total cholesterol and triglycerides levels during relapse 
that remained elevated even after steroid-induced remission as compared to controls (p < 
0.0001). Raised levels of these markers confirm endothelial dysfunction in FRNS and SDNS 
patients. Conclusion: Children with FRNS and SDNS had endothelial dysfunction during 
relapse, which was largely dependent upon disease activity.
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hence vascular complications in frequently 
relapsing nephrotic syndrome (FRNS)/
steroid-dependent nephrotic syndrome 
(SDNS) patients. The studies on the 
evaluation of role of adhesion molecules in 
endothelial dysfunction and its association 
with traditional risk factors in FRNS/SDNS 
are scarce. The primary aim is to study 
plasma levels of markers of endothelial 
dysfunction (sE-Selectin and sVCAM-1) in 
children aged 1–16yrs with FRNS and SDNS 
in relapse.

Materials and Methods
This cross-sectional study was conducted 
in the Departments of Pediatrics and 
Biochemistry at Lady Hardinge Medical 
College and Kalawati Saran Children’s 
Hospital, New Delhi, from November 
2016 to April 2018 after obtaining 
Institute ethics committee approval. A 
written informed consent was obtained 
from parents or guardians of all children 
enrolled in the study. The primary objective 
was to study the plasma levels of markers 
of endothelial dysfunction (sE-Selectin and 
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sVCAM-1) in children with FRNS and SDNS during relapse 
as compared to controls. We also evaluated levels of these 
markers after steroid induced complete remission at six 
weeks. Children aged 1–16 years with idiopathic FRNS and 
SDNS in relapse were included. Children with secondary 
nephrotic syndrome (NS) (e.g., lupus nephritis, IgA 
nephropathy, Henoch–Schönlein purpura nephritis), those 
with signs of thromboembolic complications, or children 
on drugs affecting endothelial functions (statins), Children 
with preexisting hypertension and diabetes mellitus or 
with known bleeding diathesis were excluded. Children 
previously enrolled in the study were not re-enrolled 
during further relapse. Age-matched healthy, nonobese 
(WHO standards, 20074), nonhypertensive children were 
taken as controls.5 NS was defined by the presence of 
nephrotic range proteinuria (spot urinary protein to 
creatinine ratio more than 2 or urinary dipstick +3/+4 for 
three consecutive days or 24 hour protein >40 mg/m2/hr), 
hypoalbuminemia (serum albumin <2.5g/dl), and serum 
cholesterol >200mg/dL. NS was classified, investigated, and 
managed as per the Indian Society of Pediatric Nephrology 
group guidelines.6 SDNS was defined as two consecutive 
relapses when on alternate day steroids or within 14 days 
of stopping it. FRNS was defined as two or more relapses 
within six months of initial episode or more than three 
relapses within any 12-month period.

Sample size estimation
The true difference in the cases and control means for sE-
selectin in a previous study was 18.12ng/mL and pooled 
standard deviation was 33.88. A sample size of 56 in each 
group was required to achieve significant results with 
5% and study power of 80% for sE-selectin. For VCAM-1, 
the true difference in the cases and controls means was 
683.09ng/mL and the pooled standard deviation was 
363.89 and a sample size of six was needed. We used the 
larger sample of the two and included 56 cases and 56 
controls to reject the null hypothesis with the power of 0.8 
and alpha error of 0.05.

Sample collection, storage, measurements
Three milliliter blood was collected by venipuncture and 
serum separated by centrifugation at 2800 xg for 10 
minutes. The samples were stored at ‒200C until analysis. 
Samples were collected at relapse and at six weeks of 
prednisolone-induced remission.

Measurement of endothelial dysfunction markers
VCAM-1 and sE-selectin, were measured by ELISA using 
kits by BioVendor Laboratory Medicine Inc., Karasek, Czech 
Republic. The measurement was done on Tecan Eliza 
machine present at the Department of Biochemistry, Lady 
Hardinge Medical College.

Statistical analysis
Data were analyzed using SPSS version 20. Continuous 
variables were tested by Mann Whitney U test and 
dichotomous variables were tested by Fisher’s exact. 
Correlation statistics was done among variables of interest 
and Spearman’s correlation coefficient was reported. Less 
than 0.05 of P value was considered as significant.

Results
A total of 112 children (56 cases and 56 controls) were 
included. Four patients were excluded because of 
noncompliance to drug therapy and two patients were lost 
to follow-up after enrolment. The cases and controls were 
matched for age and gender [Tables 1-3]. Of the study 
group, 49 were frequent relapsers and 7 were steroid 
dependent. The mean age of patients was 6.84 years. The 
difference in weight and body mass index (BMI) in the 
case relapse group was significant compared to controls. 
The cases relapse group had abnormal lipid profile during 
both relapse and remission. The cases in relapse also had 
significantly high urine protein/creatinine ratio (Up:Uc) 
and low serum albumin. Out of the 56 cases in relapse, 
16 (28.5%) had normal blood pressure, 19 (33.9%) had 
elevated blood pressure, and 15 (26.7%) had stage 1 and 
6 (10.7%) had stage 2 hypertension, respectively. During 
remission, 22 (39.2%) had normal blood pressure, 27 

Table 1: Baseline characteristics of study subjects (case relapse and control group)
Parameter Cases relapse

(n = 56)
Controls
(n = 56)

p-value

Age (years) 6.84 ± 2.98 6.80 ± 3.37 0.941
Body mass index (kg/m2) 17.27 ± 2.37 15.42 ± 2.45 <0.001
Serum creatinine (mg/dl) 0.34 ± 0.09 0.3 ± 0.1 0.0781
eGFR (ml/min/1.73 m2) 142.06 ± 43.03 163.22 ± 51.1 0.0195
Total protein (g/dl) 4.54 ± 0.79 7.01 ± 0.46 <0.0001
Serum albumin (g/dl) 2.0 ± 0.69 4.43 ± 0.37 <0.0001
Urine protein creatinine ratio 5.97 ± 5.81 0.13 ± 0.05 <0.0001
Total cholesterol (mg/dl) 461.01 ± 159.65 154.03 ± 22.99 <0.0001
Triglycerides (mg/dl) 372.23 ± 184.03 84.91 ± 18.46 <0.0001
eGFR: estimated glomerular filtration rate.
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(48.2%) had elevated blood pressure, and 6 (10.7%) had 
stage 1 and 1 (0.1%) had stage 2 hypertension. Hence, 
28.5% patients were normotensive and 71.4% patients had 
high blood pressure readings in relapse. Similarly, 39.2% 
patients were normotensive and 59% patients had high 
blood pressure readings in remission. None of the controls 
were hypertensive. The plasma levels of sE-selectin and 
VCAM-1 were significantly higher in relapse compared to 
both controls and in remission [Table 4]. The plasma levels 
of VCAM-1 showed a significant correlation with total 
triglyceride, while sE-selectin showed a significant negative 
correlation with serum albumin levels [Table 5].

Discussion
We found that plasma sE-selectin and VCAM-1 levels 
were significantly raised in cases in relapse compared to 
remission and controls. Raised levels of these markers 
confirm endothelial dysfunction in FRNS and SDNS patients 
in relapse. The levels decreased in remission.

Endothelial cells reacting to oxidized low-density 
lipoprotein (LDL) in vitro releases a variety of molecules, 
including Von Willebrand factor (vWf), sVCAM-1, and sE-
selectin, which are considered as markers of endothelial 
dysfunction or activation.7,8 Selectins arbitrate the first 
step of rolling of leucocytes in the complex inflammatory 
adhesion cascade, allowing leucocytes to interact with 
endothelial cells. These interactions lead to consequent 

signaling events through selectin ligands, which initiate 
atherosclerotic changes and cardiovascular diseases.9,10 
sE-selectin seems to be important in the detection of the 
destruction of the endothelium in coronary heart disease.11 
High concentrations of sE-selectin are distinctive for 
patients with moderate coronary heart disease, whereas 
for patients with more advanced disease, a rise in ICAM-1 
predominates.1 Demerath et al., in their study, concluded 
that elevated serum concentrations of E-selectin and other 
adhesion molecules may be independent risk factors for 
atherosclerosis and cardiovascular diseases. E-selectin, 
unlike other adhesion molecules, is synthesized only by 
endothelium, with activating signals from IL-6 and TNF-
alpha.12 Metabolic risk factors interact with inflammatory 
and immune mechanisms with resultant coronary artery 
disease.13

The plausible reason for induction of these signaling 
pathways in nephrotic patients is also attributed to 
the presence of hyperlipidemia. In our index study, 
derangements of lipid metabolism were prominent in 
relapse/active stage, adding further evidence to the 
hypothesis that lipid derangements cause endothelial 
activation and dysfunction. Many complications of NS like 
increased risk of atherosclerosis and thromboembolism 
can be attributed to dyslipidemia, commonly in those 
who don’t achieve complete remission. Dyslipidemia 
also leads to the development of glomerular injury.14 

Table 2: Baseline characteristics of study subjects (case remission and control group)
Parameter Cases remission

(n = 56)
Controls
(n = 56)

p-value

Age (years) 6.84 ± 2.98 6.80 ± 3.37 0.941
Body mass index (kg/m2) 16.30 ± 2.39 15.42 ± 2.45 0.0569
Serum creatinine (mg/dl) 0.32 ± 0.09 0.3 ± 0.1 0.2040
eGFR (ml/min/1.73 m2) 155.33 ± 40.55 163.22 ± 51.1 0.3676
Total protein (g/dl) 5.21 ± 0.62 7.01 ± 0.46 <0.0001
Serum albumin (g/dl) 2.53 ± 0.47 4.43 ± 0.37 <0.0001
Urine protein creatinine ratio 0.20 ± 0.11 0.13 ± 0.05 0.0026
Total cholesterol (mg/dl) 344 ± 90.65 154.03 ± 22.99 <0.0001
Triglycerides (mg/dl) 260.17 ± 115.56 84.91 ± 18.46 <0.0001
eGFR: estimated glomerular filtration rate.

Table 3: Baseline characteristics of study subjects (case relapse and case remission group)
Parameter Cases relapse

(n = 56)
Cases remission

(n = 56)
p-value

Age (years) 6.84 ± 2.98 6.84 ± 2.98 –
Body mass index (kg/m2) 17.27 ± 2.37 16.30 ± 2.39 0.0332
Serum creatinine (mg/dl) 0.34 ± 0.09 0.32 ± 0.09 0.2422
eGFR (ml/min/1.73 m2) 142.06 ± 43.03 155.33 ± 40.55 0.0959
Total protein (g/dl) 4.54 ± 0.79 5.21 ± 0.62 <0.0001
Serum albumin (g/dl) 2.0 ± 0.69 2.53 ± 0.47 <0.0001
Urine protein creatinine ratio 5.97 ± 5.81 0.20 ± 0.11 <0.0001
Total cholesterol (mg/dl) 461.01 ± 159.65 344 ± 90.65 <0.0001
Triglycerides (mg/dl) 372.23 ± 184.03 260.17 ± 115.56 0.0002
eGFR: estimated glomerular filtration rate.
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In nephrotic state, mechanisms like hypoalbuminemia, 
dyslipidemia, oxidative stress, and insulin resistance can 
cause endothelial injury.15,16

Various determinants of endothelial dysfunction have 
been described in literature, including markers like soluble 
thrombomodulin (sTM), vWF, plasminogen activator 
inhibitor-1 (PAI-1), tissue plasminogen activator (t-PA), 
plasma free homocysteine levels, endothelin 1, and CD 
146.17–19

Plasma levels of CAMs are associated with many 
conventional and promising cardiovascular risk factors.20–22 
We found a positive correlation of VCAM-1 with total 
triglyceride levels. sE-selectin levels had a significant 
negative correlation with serum albumin levels. In 
agreement with our findings, sVCAM had significant 
positive correlations with cholesterol levels while sE-
selectin showed no statistically significant correlation with 
conventional risk factors in adult onset minimal change 
disease (MCD) patients.22 The study in focal segmental 
glomerulosclerosis (FSGS) patients also showed significant 
correlations of circulating endothelial cells (CECs) 
with cholesterol and sVCAM-1 with serum albumin.23 
Traditionally, hyperlipidemia and hypoalbuminemia have 
shown to play an important role in pathogenesis of 
endothelial dysfunction and injury.15 Our study adds to this 

Table 4: Plasma levels of sE-selectin and VCAM-1 in cases (FRNS/SDNS) versus controls
Markers Cases in relapse

(n = 56)
Cases in remission

(n = 56)
Controls
(n = 56)

p-value

sE-selectin (ng/mL) 144.76 89.07 109.55 *<0.001
[Median (IQR)] (112.96‒172.92) (71.34‒113.90) (51.53‒133.61) **<0.001

***0.535
VCAM-1 (ng/mL) 5656.79 2667.72 2951.47 *<0.001
[Median (IQR)] (3897.25‒7593.41) (1649.9‒3718.40) (2013.97‒3210.72) **<0.001

***0.617
IQR: interquartile range, VCAM: Vascular cell adhesion molecule. *Statistical difference of cases in relapse as compared to cases in remission 
and Wilcoxon’s rank sum test applied. **Statistical difference of cases in relapse as compared to controls and Mann-Whitney test applied. 
***Statistical difference of cases in remission as compared to controls and Mann-Whitney test applied, sE: Soluble E Selectin, FRNS: Frequently 
relapsing nephrotic syndrome, SDNS: Steroid dependent nephrotic syndrome.

Table 5: Correlation between sE-selectin and VCAM-1 with 
total cholesterol, triglycerides, and serum albumin (case 
relapse group and controls)
Parameters sE-selectin VCAM-1

Total cholesterol r value ‒0.06 ‒0.06
p value 0.63 0.66

Serum albumin r value ‒0.32 ‒0.06
p value 0.01 0.66

Total triglyceride r value ‒0.06 0.30
p value 0.66 0.02

Spot Up:Uc ratio r value 0.23 0.06
p value 0.08 0.64

Test name: Spearman’s correlation. r-spearman’s rho, Up:Uc ratio: 
urine protein: urine creatinine ratio, VCAM: vascular cell adhesion 
molecule, sE: Soluble E Selectin.

evidence. Inconsistent correlation between endothelial 
markers and traditional risk factors in literature leads to 
speculate that adhesion molecules may be independent 
risk factors of endothelial dysfunction even in the absence 
of traditional cardiovascular risk factors.24

Our results were comparable to the findings of Yildiz et al., 
who studied soluble adhesion molecule (sE-Selectin levels) 
in 48 children with steroid sensitive nephrotic syndrome 
(SSNS) versus 19 healthy controls. The serum levels of sE-
selectin were higher in active stage compared to remission 
and controls.21

Numerous studies have demonstrated that children 
with NS have endothelial dysfunction. The American 
Heart Association Paediatric Consensus Guidelines has 
selected NS as a “special risk category” for accelerated 
atherosclerosis, supported by evidence of vascular 
dysfunction verified by noninvasive means.25 A published 
study in patients with primary FSGS also depicts that 
biomarkers of endothelial dysfunction (CECs, sTM, vWf, 
sVCAM-1, and sE-selectin) were significantly higher during 
active stage when compared with controls. Their work 
also highlights the key observations of increased incidence 
of thromboembolisms in patients with higher circulating 
endothelial markers, signifying the role of endothelial 
injury in vascular complications like thrombosis.23 The 
incidence of thromboembolisms spans from 2% in 
children to as high as 42% in adults with NS.26,16 A recent 
study aimed to evaluate sVCAM-1 and sE-selectin in adult-
onset MCD. They concluded that patients with active 
MCD had increased levels of soluble adhesion molecules, 
which subsequently decreased as the disease went into 
remission, but the increase in sVCAM-1 persisted even 
after complete remission for six months.22 Our index 
study demonstrated that both the biomarkers attained 
normal levels during remission with comparable values to 
controls.

Considering the paucity of data on adhesion molecules 
in FRNS/SDNS children, this study adds to the existing 
evidence. We evaluated the levels at two points in time 
in the same patients (relapse and remission), giving 
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insight that the levels of these biomarkers normalize 
during remission. Limitations of our study include small 
population size, single center study, and unavailability of 
urinary levels of these biomarkers.

Children with FRNS/SDNS had endothelial dysfunction 
during relapse, which was largely dependent upon disease 
activity.
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