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1. Introduction
Chronic kidney disease (CKD) is becoming a public 
health problem worldwide. Children with CKD have 
high morbidity and mortality (1). Systemic hypertension, 
proteinuria, and tubulointerstitial fibrosis play critical 
roles in CKD progression (2). Recent studies have 
suggested that CKD is an immune inflammatory disease, 
and inflammatory biomarkers may be predictors of 
deteriorated renal function (3,4). Renal inflammation 
has an important role in the initiation and progression of 
CKD. Multiple inflammatory signaling molecules, such 
as monocyte chemoattractant protein-1, nuclear factor 
κB, and transforming growth factor β, contribute to renal 
fibrosis (5).  

Suppression of tumorigenicity-2 (ST2) is one of the 
members of the interleukin (IL)-1 receptor family and it 
has two isoforms (transmembrane and soluble forms). 
It has been suggested that soluble ST2 (sST2) might 

protect against inflammation by preventing the ST2/
IL-33 signaling pathway (6). Soluble ST2 interrupts 
the stimulation of IL-33-mediated Th2-type immune 
response (7). Thus, sST2 plays an important role in the 
regulation of the Th1/Th2-associated immune response 
and modulation of the inflammatory response (8). 
Moreover, sST2 has antiinflammatory properties owing to 
the negative regulation of Toll-like receptor (TLR)-2 and 
TLR-4 (9). In addition, serum sST2 level may serve as a 
biomarker in several inflammatory diseases (10). The IL-
33 signaling pathway could contribute to the development 
of renal fibrosis in a mouse model of ischemia/reperfusion 
injury. It has been shown that administrating sST2 could 
decrease the development of renal fibrosis by reducing 
inflammatory cell infiltration (11). 

Angiogenesis, defined as the formation of new blood 
vessels, plays a role in physiological events and in some 
disorders, such as tumor growth, rheumatoid arthritis, 
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and neointimal formation (12). The angiogenesis 
stimulators and inhibitors regulate the formation of 
new blood vessels. The regulators of angiogenesis 
contribute to kidney development (13). Vasohibin-1, an 
endogenous angiogenesis inhibitor, is expressed in the 
vascular endothelium. Other angiogenesis inhibitors, 
such as angiostatin and endostatin, lead to endothelial cell 
death. However, vasohibin-1 has both antiangiogenetic 
and endothelial cell protective effects (14). Vasohibin-1 
exhibited therapeutic effects in experimental models of 
atherosclerosis and diabetic nephropathy (15). A recent 
study suggested that an imbalance in the angiogenesis 
regulators may influence CKD progression (16). 

In this study, we aimed to investigate the serum 
vasohibin-1 and sST2 levels in children with predialysis 
CKD. Considering previous reports, we hypothesized 
that serum vasohibin-1 and sST2 levels may be potential 
biomarkers of CKD progression. In order to test this 
hypothesis, we evaluated the relationship between these 
potential biomarkers and the clinical or laboratory 
characteristics of children with CKD. To our knowledge, 
this is the first study to investigate the clinical significance 
of serum vasohibin-1 and sST2 levels in children with 
predialysis CKD.

2. Materials and methods
2.1. Study group
Forty-seven children with stage 2–4 CKD who were 
followed in our Pediatric Nephrology Outpatient Clinic 
between September 2010 and March 2017 were included 
in this cross-sectional study. The underlying diseases 
in the study group were as follows: renal hypoplasia/
dysplasia, 27.7% (n = 13); reflux nephropathy, 23.4% (n 
= 11); obstructive uropathy, 12.8% (n = 6); neurogenic 
bladder, 10.6% (n = 5); bilateral multicystic dysplastic 
kidney, 6.4% (n = 3); hemolytic uremic syndrome, 6.4% 
(n = 3); renovascular anomalies, 4.3% (n = 2); autosomal 
dominant polycystic kidney disease, 4.3% (n = 2); and 
undetermined aetiology, 4.3% (n = 2). CKD was defined 
as the presence of kidney damage or a decrease in the 
glomerular filtration rate (GFR < 60 mL min–1 1.73 
m–2) lasting for at least 3 months. The Kidney Disease: 
Improving Global Outcomes (KDIGO 2012) guideline was 
used to determine the CKD stage (17). Clinical history, 
demographic data, and physical examination findings 
were recorded. Patients with active infection, obesity, 
nephrotic range of proteinuria, congenital heart disease, 
or vascular disease were excluded from the study. Patients 
who received corticosteroid therapy at the beginning of 
the study were also excluded. 

Nineteen of the 47 patients were taking antihypertensive 
medication [17 angiotensin converting enzyme inhibitor 
(ACEI) and 2 amlodipine] at the time of the study. Patients 

with anemia or secondary hyperparathyroidism were 
treated with erythropoietin or calcitriol as per the KDIGO 
guideline (18,19). In addition, 6 patients were taking a 
drug to decrease their uric acid level. 

Twenty healthy sex- and age-matched controls were 
included in this study. The detailed physical examination 
results and blood pressure values of the control group 
were normal. None of the controls exhibited malnutrition, 
developmental delay, or obesity. Moreover, there was no 
evidence of active infection or history of drug use within 
the past month. The parents of the patients and controls 
gave their informed consent for study participation.

This study was approved by the local ethics committee 
and was conducted in accordance with the Declaration 
of Helsinki (Protocol Number: 80558721/G-66; date of 
approval by the ethics committee: 03.13.2017).
2.2. Laboratory data
Peripheral venous blood samples were obtained in the 
morning after an overnight fast. Serum hemoglobin, 
C-reactive protein (CRP), creatinine (Cr), blood urea 
nitrogen (BUN), albumin, uric acid, phosphorus, and 
parathyroid hormone (PTH) levels were determined using 
blood specimens of the patients and controls. All patients 
were toilet-trained. Thus, the GFR and urinary protein 
levels were measured in 24-h urine samples collected in 
urine containers. Renal clearance of endogenous creatinine 
(CrCs) was calculated using the formula CrCs = UCr × V 
× 1.73/sCr × t × body surface area (BSA) (UCr = urine 
creatinine excretion, V = volume of urine over a given time 
period, t = period of urine collection [24 h or 1440 min]). 
Proteinuria was defined as urinary protein excretion of 
>4 mg/m2 per hour (20). Office blood pressure values 
were measured by manual auscultation using a mercury 
sphygmomanometer by trained personnel.

The tubes of venous blood samples were centrifuged 
at 2000 × g (10 min) to remove the plasma and serum. 
Supernatants were then frozen at –80 °C until further use. 
Serum vasohibin-1 levels and sST2 were measured using 
a commercial enzyme-linked immunosorbent assay kit 
(ELISA) (Sunred, D2E201125231/201704 and eBioscience, 
BMS2048/144719020, respectively). As a heterogeneous 
assay, ELISA separates some components of the analytical 
reaction mixture by adsorbing certain components onto 
a solid phase that is physically immobilized. Absorbance 
readings of microplates and calculations were performed 
using VICTOR X3 (PerkinElmer, Waltham, MA, USA). 
The results are expressed in terms of pg/mL and ng/mL, 
respectively.
2.3. Ambulatory blood pressure monitoring
Ambulatory blood pressure (BP) monitoring (ABPM) 
was performed over 24 h using the Scanlight II/III long-
term blood pressure monitoring system. Blood pressure 
was measured every 20 min during daytime (0800–2200 
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hours) and every 30 min during nighttime (2200–0800 
hours). Hypertension was defined as an average systolic BP 
(SBP) and/or diastolic BP (DBP) above the 95th percentile 
according to sex, age, and height (21). Nondipping status 
was defined as lower than 10% reduction in nocturnal 
average systolic and/or diastolic BP.
2.4. Statistical analyses
Statistical analyses were performed using SPSS 11.0 (SPSS 
Inc., Chicago, IL, USA). Values are expressed as mean ± 
standard deviation (SD) for continuous variables and 
as median and interquartile range (IQR) for qualitative 
variables. The Shapiro–Wilk test was used to determine 
the normality of data. Means were compared using 
independent sample t-tests for normally distributed data. 
The comparison of nonnormally distributed data was 
performed using the Mann–Whitney U test. Correlations 
between variables were evaluated using Pearson’s or 
Spearman’s test, as appropriate. P < 0.05 was considered 
statistically significant. Qualitative variables were 
compared using the chi-square test.

3. Results
Forty-seven patients and 20 healthy children were 
included in this study. The mean age of the patients was 
11.5 ± 4.78 years (range: 4–17 years). Demographic 

data and hemoglobin, CRP, creatinine, BUN, albumin, 
uric acid, phosphorus, and PTH levels of the patient 
and control groups are shown in Table 1. There were no 
differences between the groups in terms of age and sex. 
Serum albumin levels were lower in the patients than in 
controls. Albumin levels were negatively correlated with 
PTH. Serum albumin and hemoglobin were positively 
correlated with GFR. Hemoglobin and serum phosphate 
levels of the two groups were similar (Table 1). 

Serum sST2 levels were higher in the CKD patients than 
in controls (P = 0.013). The serum sST2 levels were not 
significantly correlated with age, GFR, creatinine, or 24-h 
urine protein (P = 0.446, P = 0.143, P = 0.828, P = 0.143, 
respectively). Serum vasohibin-1 levels of the patients 
and controls were similar (P = 0.242, Table 1). A positive 
correlation was found between the serum vasohibin-1 
levels and 24-h urine protein values (P = 0.036). Serum 
vasohibin-1 levels were higher in patients with proteinuria 
than in nonproteinuric patients (2574.5 ± 701.60 vs. 
1822.4 ± 300.32 pg/mL, P = 0.001). However, there was no 
correlation between the serum vasohibin-1 levels and age, 
GFR, albumin, hemoglobin, or PTH levels (P = 0.901, P = 
0.714, P = 0.551, P = 0.662, P = 0.332, respectively). Serum 
sST2 and vasohibin-1 levels of the female and male subjects 
were comparable (P = 0.365). In addition, the serum sST2 

Table 1. The laboratory data of the patients and control group.

Patients
(n = 47)

Control group
(n = 20) P

Age (years) 11.6 ± 4.71 11.7 ± 3.25 0.925
Female (n, %) 12 (25.5) 10 (50) 0.353
Body mass index (kg/m2) 17.7 ± 2.81 18.2 ± 3.64 0.703
Hemoglobin (g/dL) 11.8 ± 2.27 12.8 ± 0.75 0.069
C-reactive protein (mg/dL) 0.34 (0.32–0.72) 0.32 (0.31–0.34) 0.009
Creatinine (mg/dL) 2.3 ± 1.56 0.5 ± 0.07 0.000
Albumin (g/dL) 4.2 ± 0.66 4.7 ± 0.44 0.009
Uric acid (mg/dL) 5.2 ± 0.90 3.9 ± 0.93 0.000
Phosphorus (mg/dL) 4.4 ± 0.80 4.4 ± 0.62 0.77
Bicarbonate (mmol/L) 21.6 ± 3.49 - -
25-OH vitamin D (ng/mL) 21.6 ± 9.26 - -
PTH (pg/mL) 99.7 (68.64–203.55) 43 (34–54) 0.000
Vasohibin-1 (pg/mL) 2168.5 ± 630.80 2636.5 ± 1083.86 0.24
Soluble ST2 (ng/mL) 6.4 ± 1.25 5.5 ± 1.24 0.013
Glomerular filtration rate (mL min–1 1.73 m–2) 37.5 (25.52–63.52) 150 (128–177.07) 0.00
24-h urine protein (mg m–2 h–1) 19 (4–30) - -

Values are expressed as mean ± SD or median (interquartile range). PTH: Parathyroid hormone, ST2: suppression of 
tumorigenicity-2. P < 0.05 was considered significant.
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and vasohibin-1 levels were compared between different 
age groups (range 4–11 years [n = 21] and range 12–18 
years [n = 26]). Serum sST2 and vasohibin-1 levels of the 
two age groups did not differ significantly (P = 0.078, P 
= 0.418, respectively). The patients had higher CRP levels 
than the controls (P = 0.009, Table 1). However, we did not 
observe significant correlations between the CRP levels 
and serum sST2 or vasohibin-1 levels (P = 0.138, P = 0.956, 
respectively). Office SBP and DBP were not significantly 
correlated with the serum vasohibin-1 levels (P = 0.827, P 
= 0.224, respectively). 

The office and ABPM measurements of the patients 
are shown in Table 2. Nineteen (40.4%) patients had 
hypertension. The average nighttime DBP as well as 
the average office systolic and diastolic BP values were 
significantly higher in patients than in the healthy controls 
(P = 0.003, P = 0.001, P = 0.000, respectively, Table 2). Serum 
sST2 levels were higher in patients with hypertension (P = 
0.015, Table 3). However, there was no correlation between 
the serum sST2 levels and ABPM values as well as office 
BP measurements (data not shown, P > 0.05).

The laboratory data of patients with stage 2, 3, and 
4 CKD are shown in Table 4. Serum albumin levels and 
hemoglobin concentrations were significantly lower in 
the advanced CKD stages. The patients with advanced 
stages of CKD had significantly higher serum PTH levels. 
However, there were no statistically significant differences 
in the serum vasohibin-1 and sST2 levels between the 
three stages of CKD (P > 0.05).

4. Discussion
In this study, we investigated the serum vasohibin-1 
and sST2 levels in children with predialysis CKD. Our 

study results showed that children with predialysis CKD 
had significantly higher serum sST2 levels than healthy 
controls, although the sST2 levels were not correlated with 
serum creatinine or GFR. Furthermore, sST2 levels were 
higher in patients with hypertension. Serum vasohibin-1 
levels were higher in patients with proteinuria. There was a 
positive correlation between serum vasohibin-1 levels and 
urine protein values. 

Albumin, the major plasma protein, is produced only 
in the liver. Serum albumin levels are reduced in liver 
disease, malnutrition, and kidney diseases with urinary 
loss of protein. Hypoalbuminemia is one of the most 
common findings of CKD (22,23). Systemic inflammation 
contributes to the decrease in serum albumin levels in 
CKD (24). In our study, the serum albumin levels were 
lower in patients than in controls. Moreover, there were 
significant differences among the CKD stages. The lower 
serum albumin levels might be a result of the combined 
effects of inflammation and inadequate protein and caloric 
intake in CKD patients. However, we did not evaluate 
nutritional status in our study. Thus, further detailed 
studies are required to confirm the relationship between 
serum albumin levels and inflammatory or nutritional 
status.

The IL-33/ST2 axis plays an important role in chronic 
inflammatory disorders. sST2 inhibits the recruitment 
of bone marrow-derived fibroblasts, and suppresses 
the infiltration of inflammatory cells in the kidney by 
inhibiting IL-33 (12). Increased serum sST2 levels have 
been observed in immune disorders, such as systemic 
lupus erythematosus, rheumatoid arthritis, and sepsis 
(25–27). The literature contains conflicting reports on the 
relationship between sST2 levels and renal function. Mok 

Table 2. Values of ambulatory blood pressure monitoring of the patients. 

Patients
(n = 47)

Control group
(n = 20) P

DBP (mmHg) 76.2 ± 10.99 62.4 ± 7.14 0.000
SBP (mmHg) 116.8 ± 11.24 106.1 ± 8.26 0.001
Daytime SBP (mmHg) 112.8 ± 13.44 108 ± 5.28 0.113
Daytime DBP (mmHg) 71.4 ± 14.25 64.9 ± 5.09 0.250
Nighttime SBP (mmHg) 102.8 ± 17.01 99 ± 5.19 0.069
Nighttime DBP (mmHg) 66.4 ± 16.06 54.7 ± 3.74 0.003
Daytime SBP load (%) 15.4 (0–31.75) 0 (0–0) 0.000
Daytime DBP load (%) 10 (0–52.5) 0 (0–0) 0.000
Nighttime SBP load (%) 5.5 (0–46.25) 0 (0–6) 0.046
Nighttime DBP load (%) 0 (0–56.5) 0 (0–5) 0.065

Data are shown as mean ± SD or median (interquartile range). SBP: Systolic blood 
pressure, DBP: diastolic blood pressure. P < 0.05 was considered significant.
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et al. (27) reported that sST2 levels were higher in patients 
with systemic lupus erythematosus and were positively 
correlated with disease activity and severity. However, 
increased serum sST2 level was not a good predictor 
of active lupus nephritis. Bao et al. (28) showed that 
patients aged >18 years with nondialysis CKD had higher 
sST2 levels. There was a significant correlation between 
serum sST2 level and disease severity. Dieplinger et al. 
showed that serum sST2 levels were similar in patients 
with renal failure and in healthy individuals (29). ST2 is 
an important biomarker reflecting mechanical stress in 
cardiovascular disease. The ST2/IL-33 axis may play a role 
in the development of hypertension owing to its effects on 
the immune system and inflammation. ST2 expression is 
increased by cardiomyocytes in response to mechanical 
stretch (30). Coglianese et al. (31) reported that sST2 was 
associated with BP values. Bartunek et al. (32) showed a 
strong relationship between sST2 and diastolic load in 
healthy subjects. They reported that ST2 was produced in 
the myocardium and the endothelial cells. Harrison et al. 
(33) suggested that sST2 was helpful in the early detection 
of SBP changes in the population. To our knowledge, this 
is the first study to show elevated levels of serum sST2 in 
children with predialysis CKD. In our study, the serum 
ST2 levels were not significantly correlated with serum 
creatinine and estimated GFR in patients. The decreased 
renal function alone cannot explain the increased sST2 
levels in our CKD patients. However, children with 
hypertension had significantly higher sST2 levels. The 
elevated mechanical stretch by hypertension may have led 
to the increased sST2 levels. Thus, our results may suggest 
that serum sST2 is a preferable biomarker for hypertension 

in children with predialysis CKD. The diagnostic value of 
the serum sST2 level for hypertension may be related to its 
independence from renal function.

The renoprotective effects of ACEI treatment have 
been known for a long time. ACEI treatment delays the 
progression of CKD by regulating BP and controlling 
the glomerular hydraulic pressure with the ultrafiltration 
of proteins (34,35). In addition, the negative effects on 
the production of proinflammatory cytokines, immune 
cells infiltration, and extracellular matrix expansion 
of ACEI treatment contribute to renoprotection (36). 
Although serum sST2 levels were higher in patients with 
hypertension, we could not demonstrate a significant 
correlation between the serum sST2 levels and ABPM 
values in this study. Seventeen patients were receiving 
ACEI treatment at the time of the study. The lack of 
correlation between the sST2 levels and ABPM values or 
renal function might be related to the ACEI treatment 
owing to the above-mentioned mechanisms.

In recent years, it has been reported that disorders 
in angiogenesis contributed to CKD progression (37). 
Vasohibin-1, an endogenous angiogenesis inhibitor, plays 
an important role in the maintenance of endothelial cells. 
Several studies have reported that vasohibin-1 plays 
a protective role against CKD progression. Saito et al. 
(38) showed a therapeutic efficacy of vasohibin-1 by the 
inhibition of chemokine and a direct protective effect on 
glomerular podocytes in diabetic nephropathy. Hinamoto 
et al. (39) reported the expression of vasohibin-1 in the 
glomeruli and interstitial inflammatory cells in CKD 
patients. Another study showed that vasohibin-1 had a 
protective role against renal inflammation and fibrosis 

Tale 3. Laboratory data of patients with and without hypertension.

Hypertension (+)
(n = 19)

Hypertension (-)
(n = 28) P

Hemoglobin (g/dL) 11.6 ± 2.47 12 ± 2.10 0.610
C-reactive protein (mg/dL) 0.36 (0.34–0.73) 0.34 (0.34–0.54) 0.277
Albumin (g/dL) 4 ± 0.80 4.4 ± 0.52 0.141
Phosphorus (mg/dL) 4.3 ± 0.90 4.4 ± 0.74 0.750
Uric acid (mg/dL) 5.4 ± 0.65 4.9 ± 1.11 0.150
PTH (pg/mL) 170.1 (68.1–204) 88.6  (66.7–141) 0.420
Vasohibin-1 (pg/mL) 1833.5 (1781.7–2609.2) 2014.6 (1685.1–511.3) 0.861
sST2 (ng/mL) 7.03 ± 0.76 5.86 ± 1.33 0.015
GFR (mL min–1 1.73 m–2) 37.9 ± 19.5 54.7 ± 24.28 0.071
24-h urine protein (mg m–2 h–1) 25 (4–35) 11.5 (3.85–26.5) 0.318

Data are shown as mean ± SD or median (interquartile range). PTH: Parathyroid hormone, SST2: soluble 
suppression of tumorigenicity-2, GFR: glomerular filtration rate. P < 0.05 was considered significant.
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in unilateral ureteral obstruction (40). Nasu et al. (15) 
demonstrated that vasohibin-1 led to antifibrotic and 
antiinflammatory changes in the glomerular endothelial 
and mesangial cells. They reported that serum vasohibin-1 
was negatively correlated with age and systolic or diastolic 
BP in patients with renal disorders. Another trial reported 
an association between elevated urinary and plasma levels 
of vasohibin-1 and progressive decline of renal function. 
The patients with elevated serum vasohibin-1 levels had 
significantly higher GFR compared to the group with 
lower serum vasohibin-1 levels (41). To our knowledge, 
there are no studies of plasma vasohibin-1 levels in 
children with CKD. In this study, serum vasohibin-1 levels 

were similar between the patients and controls. Moreover, 
serum vasohibin-1 levels were not significantly correlated 
with renal function. However, there was a statistically 
significant correlation between serum vasohibin-1 levels 
and urine protein values. This finding suggests that 
serum vasohibin may be related to the compensatory 
response to proteinuria in patients with predialysis CKD. 
However, we only measured the serum vasohibin-1 
levels. Urine vasohibin-1 level may be a better indicator 
of renal expression than the serum concentration. The 
determination of the origin of circulating vasohibin-1 
may be more helpful in understanding the mechanisms 
of action on the kidneys in CKD patients. If patients with 

Table 4. Laboratory data of patients with stage 2, 3, and 4 chronic kidney disease. 

Stage 4 CKD
(n = 16)

Stage 3 CKD
(n = 19)

Stage 2 CKD
(n = 12) P

Hemoglobin (g/dL) 9.8 ± 1.25 11.7 ± 1.68 13.5 ± 1.93
P1 = 0.017
P2 = 0.017
P3 = 0.000

C-reactive protein (mg/dL) 0.53 (0.34–1.57) 0.34 (0.34–0.36) 0.34 (0.34–0.72)
P1 = 0.234
P2 = 0.463
P3 = 0.574

Albumin (g/dL) 3.7 ± 0.73 4.3± 0.43 4.7 ± 0.45
P1 = 0.042
P2 = 0.040
P3 = 0.003

Phosphorus (mg/dL) 4.8 ± 0.93 4.3 ± 0.74 4.1 ± 0.58
P1 = 0.213
P2 = 0.466
P3 = 0.057

Creatinine (mg/dL) 4 ± 1.34 1.8 ± 1.25 1.2 ± 0.31
P1 = 0.002
P2 = 0.165
P3 = 0.000

PTH (pg/mL) 334.8 ± 162 94.8 ± 47.2 79.1 ± 24.21
P1 = 0.000
P2 = 0.000
P3 = 0.000

Vasohibin-1 (pg/mL) 2114 ± 494.82 2306.5 ± 744.05 2241.5 ± 781.18
P1 = 0.540
P2 = 0.540
P3 = 0.920

Soluble ST2 (ng/mL) 6.49 ± 1.56 6.5 ± 0.99 5.6 ± 1.39
P1 = 0.721
P2 = 0.982
P3 = 0.284

GFR (mL min–1 1.73 m–2) 20.9 ± 4.52 41.8 ± 9.18 73.5 ± 9.74
P1 = 0.000
P2 = 0.000
P3 = 0.000

24-h protein (mg m–2 h–1) 25.5  (7.75–35.75) 12 (3.62–24.25) 4 (3.25–23.5)
P1 = 0.101
P2 = 0.696
P3 = 0.074

Data are shown as mean ± SD or median (interquartile range). CKD: Chronic kidney disease, PTH: parathyroid hormone, 
ST2: suppression of tumorigenicity-2, GFR: glomerular filtration rate. P < 0.05 was considered significant. P1: Between stage 
4 and 3 of CKD, P2: between stage 3 and 2 of CKD, P3: between stage 4 and 2 of CKD.
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stage 1 and 5 CKD had been included in this study, further 
detailed results might have been obtained with respect to 
the relationship between serum vasohibin-1 levels and 
renal function.

It has been reported that active vitamin D and its 
analogues exert a renoprotective role by the inhibition of 
the intrarenal renin-angiotensin system (RAS) as well as 
antiinflammatory and antifibrotic effects on the kidney 
tissue. Vitamin D supplementation reduces albuminuria 
in CKD (42, 43). Some patients included in this cross-
sectional study were receiving ACEI or active vitamin D 
treatments. Antiinflammatory and antifibrotic properties 
of treatment with ACEI or vitamin D may be a possible 
factor explaining the lack of correlation between renal 
function and serum vasohibin-1 with sST2 levels. 

There are certain limitations of our study. Our study 
is a cross-sectional study with a small sample size. We 
did not measure the urine levels of vasohibin-1 and 
sST2. Therefore, we could not determine the relationship 
between urine and serum levels. 

In conclusion, our results showed that serum 
vasohibin-1 and sST2 levels were not associated with the 
decline in renal function in patients with predialysis CKD. 
The measurement of serum sST2 levels might contribute to 
the early detection of hypertension in patients. Vasohibin-1 
appears to play a role in the pathogenesis of proteinuria 
that leads to CKD progression. Larger prospective studies 
are needed to confirm the clinical relevance of serum 
vasohibin-1 and sST2 levels in children with predialysis 
CKD.

References

1. Collins AJ, Foley RN, Chavers B, Gilbertson D, Herzog C, 
Johansen K, Kasiske B, Kutner N, Liu J, St Peter W et al. United 
States Renal Data System 2011 annual data report: Atlas of 
chronic kidney disease & end-stage renal disease in the United 
States. Am J Kidney Dis 2012; 59: e1-420.

2. Fogo AB. Mechanisms of progression of chronic kidney 
disease. Pediatr Nephrol 2007; 22: 2011-2022.

3. Hung AM, Crawford DC, Griffin MR, Brown-Gentry K, 
Lipkowitz MS, Siew ED, Cavanaugh K, Lewis JB, Ikizler TA. 
CRP polymorphisms and progression of chronic kidney 
disease in African Americans. Clin J Am Soc Nephrol 2010; 5: 
24-33.

4. Tonelli M, Sacks F, Pfeffer M, Jhangri GS, Curhan G. Biomarkers 
of inflammation and progression of chronic kidney disease. 
Kidney Int 2005; 68: 237-245. 

5. Lv W, Booz GW, Wang Y, Fan F, Roman RJ. Inflammation and 
renal fibrosis: Recent developments on key signaling molecules 
as potential therapeutic targets. Eur J Pharmacol 2018: 5; 820: 
65-76.

6. Kakkar R, Lee RT. The IL-33/ST2 pathway: therapeutic target 
and novel biomarker. Nat Rev Drug Discov 2008; 7: 827-840. 

7. Schmitz J, Owyang A, Oldham E, Song Y, Murphy E, 
McClanahan TK, Zurawski G, Moshrefi M, Qin J, Li X et 
al. IL-33, an interleukin-1-like cytokine that signals via the 
IL-1 receptor-related protein ST2 and induces T helper type 
2-associated cytokines. Immunity 2005; 23: 479-490.

8. Mildner M, Storka A, Lichtenauer M, Mlitz V, Ghannadan M, 
Hoetzenecker K, Nickl S, Dome B, Tschachler E, Ankersmit 
HJ. Primary sources and immunological prerequisites for sST2 
secretion in humans. Cardiovasc Res 2010; 87: 769-777.

9. Buckley JM, Liu JH, Li CH, Blankson S, Wu QD, Jiang Y, 
Redmond HP, Wang JH. Increased susceptibility of ST2-
deficient mice to polymicrobial sepsis is associated with an 
impaired bactericidal function. J Immunol 2011; 187: 4293-
4299. 

10. Griesenauer B, Paczesny S. The ST2/iL-33 Axis in immune cells 
during inflammatory diseases. Front Immunol 2017; 8: 475.

11. Liang H, Xu F, Wen XJ, Liu HZ, Wang HB, Zhong JY, Yang CX, 
Zhang B. Interleukin-33 signaling contributes to renal fibrosis 
following ischemia reperfusion. Eur J Pharmacol 2017; 812: 
18-27.

12. Folkman J. Angiogenesis in cancer, vascular, rheumatoid and 
other disease. Nat Med 1995; 1: 27-31.

13. Tufro A, Norwood VF, Carey RM, Gomez RA. Vascular 
endothelial growth factor induces nephrogenesis and 
vasculogenesis. J Am Soc Nephrol 1999; 10: 2125-2134.

14. Sato Y. Novel link between inhibition of angiogenesis and 
tolerance to vascular stress. J Atheroscler Thromb 2015; 22: 
327-334.

15. Nasu T, Maeshima Y, Kinomura M, Hirokoshi-Kawahara 
K, Tanabe K, Sugiyama H, Sonoda H, Sato Y, Makino H. 
Vasohibin-1, a negative feedback regulator of angiogenesis, 
ameliorates renal alterations in a mouse model of diabetic 
nephropathy. Diabetes 2009; 58: 2365-2375.

16. Kang DH, Joly AH, Oh SW, Hugo C, Kerjaschki D, Gordon KL, 
Mazzali M, Jefferson JA, Hughes J, Madsen KM et al. Impaired 
angiogenesis in the remnant kidney model: I. Potential role of 
vascular endothelial growth factor and thrombospondin-1. J 
Am Soc Nephrol. 2001; 12: 1434-1447.

17. Kidney Disease: Improving Global Outcomes (KDIGO) CKD 
Work Group. KDIGO 2012 clinical practice guideline for the 
evaluation and management of chronic kidney disease. Kidney 
Int Suppl 2013; 3: 1-150.

18. KDIGO Anemia Work Group. KDIGO Clinical Practice 
Guideline for Anemia in Chronic Kidney Disease. Kidney Int 
Suppl 2012; 2: 279-335.

19. National Kidney Foundation K/DOQI Workgroup. K/DOQI 
clinical practice guidelines for nutrition in children with 
chronic kidney disease. Am J Kidney Dis 2009; 53: 1-123.



583

ÇETİN and SAV / Turk J Med Sci

20. International Study of Kidney Disease in Children. Nephrotic 
syndrome in children: prediction of histopathology from 
clinical and laboratory characteristics at time of diagnosis. 
Kidney Int 1978; 13: 159-165.

21. Flynn JT, Kaelber DC, Baker-Smith CM, Blowey D, Carroll AE, 
Daniels SR, de Ferranti SD, Dionne JM, Falkner B, Flinn SK et 
al. Clinical Practice Guideline for Screening and Management 
of High Blood Pressure in Children and Adolescents. Pediatrics. 
2017; 140: e20171904.

22. Kopple JD, Greene T, Chumlea WC, Hollinger D, Maroni BJ, 
Merrill D, Scherch LK, Schulman G, Wang SR, Zimmer GS. 
Relationship between nutritional status and the glomerular 
filtration rate: results from the MDRD study. Kidney Int 2000; 
57: 1688-1703. 

23. Lowrie EG, Lew NL. Death risk in hemodialysis patients: 
the predictive value of commonly measured variables and an 
evaluation of death rate differences between facilities. Am J 
Kidney Dis 1990; 15: 458-482.

24. Kaysen GA, Chertow GM, Adhikarla R, Young B, Ronco 
C, Levin NW. Inflammation and dietary protein intake 
exert competing effects on serum albumin and creatinine in 
hemodialysis patients. Kidney Int 2001; 60: 333-340.

25. Shi LJ, Liu C, Li JH, Zhu XY, Li YN, Li JT. Elevated levels of 
soluble ST2 were associated with rheumatoid arthritis disease 
activity and ameliorated inflammation in synovial fibroblasts. 
Chin Med J (Engl) 2018; 131: 316-322.

26. Hur M, Kim H, Kim HJ, Yang HS, Magrini L, Marino R, 
Cardelli P, Di Somma S; GREAT Network. Soluble ST2 has a 
prognostic role in patients with suspected sepsis. Ann Lab Med 
2015; 35: 570-577.

27. Mok MY, Huang FP, Ip WK, Lo Y, Wong FY, Chan EY, 
Lam KF, Xu D. Serum levels of IL-33 and soluble ST2 and 
their association with disease activity in systemic lupus 
erythematosus. Rheumatology (Oxford) 2010; 49: 520-527.

28. Bao YS, Na SP, Zhang P, Jia XB, Liu RC, Yu CY, Mu SH, Xie RJ. 
Characterization of interleukin-33 and soluble ST2 in serum 
and their association with disease severity in patients with 
chronic kidney disease. J Clin Immunol 2012; 32: 587-594. 

29. Dieplinger B, Januzzi JL Jr, Steinmair M, Gabriel C, Poelz W, 
Haltmayer M, Mueller T. Analytical and clinical evaluation of 
a novel high-sensitivity assay for measurement of soluble ST2 
in human plasma-the Presage ST2 assay. Clin Chim Acta 2009; 
409: 33-40. 

30. Gaggin HK, Szymonifka J, Bhardwaj A, Belcher A, De 
Berardinis B, Motiwala S, Wang TJ, Januzzi JL Jr. Head-to-
head comparison of serial soluble ST2, growth differentiation 
factor-15, and highly-sensitive troponin T measurements in 
patients with chronic heart failure. JACC Heart Fail 2014; 2: 
65-72.

31. Coglianese EE, Larson MG, Vasan RS, Ho JE, Ghorbani A, 
McCabe EL, Cheng S, Fradley MG, Kretschman D, Gao W 
et al. Distribution and clinical correlates of the interleukin 
receptor family member soluble ST2 in the Framingham Heart 
Study. Clin Chem 2012; 58: 1673-1681.

32. Bartunek J, Delrue L, Van Durme F, Muller O, Casselman F, 
De Wiest B, Croes R, Verstreken S, Goethals M, de Raedt H 
et al. Nonmyocardial production of ST2 protein in human 
hypertrophy and failure is related to diastolic load. J Am Coll 
Cardiol 2008; 52: 2166-2174.

33. Harrison DG, Guzik TJ, Lob HE, Madhur MS, Marvar PJ, 
Thabet SR, Vinh A, Weyand CM. Inflammation, immunity, 
and hypertension. Hypertension 2011; 57: 132-140.

34. Remuzzi G, Perico N, Macia M, Ruggenenti P. The role of 
renin-angiotensin-aldosterone system in the progression of 
chronic kidney disease. Kidney Int Suppl 2005; 99: 57-65.

35. Molnar MZ, Kalantar-Zadeh K, Lott EH, Lu JL, Malakauskas 
SM, Ma JZ, Quarles DL, Kovesdy CP. Angiotensin-converting 
enzyme inhibitor, angiotensin receptor blocker use, and 
mortality in patients with chronic kidney disease. J Am Coll 
Cardiol 2014; 63: 650-658.

36. Tucker PS, Scanlan AT, Dalbo VJ. Chronic kidney disease 
influences multiple systems: describing the relationship 
between oxidative stress, inflammation, kidney damage, 
and concomitant disease Oxid Med Cell Longev 2015; 2015: 
806358.

37. Hara A, Wada T, Furuichi K, Sakai N, Kawachi H, Shimizu 
F, Shibuya M, Matsushima K, Yokoyama H, Egashira K et 
al. Blockade of VEGF accelerates proteinuria, via decrease 
in nephrin expression in rat crescentic glomerulonephritis. 
Kidney Int 2006; 69: 1986-1995.

38. Saito D, Maeshima Y, Nasu T, Yamasaki H, Tanabe K, 
Sugiyama H, Sonoda H, Sato Y, Makino H. Amelioration of 
renal alterations in obese type 2 diabetic mice by vasohibin-1, 
a negative feedback regulator of angiogenesis. Am J Physiol 
Renal Physiol 2011; 300: F873-F886.

39. Hinamoto N, Maeshima Y, Saito D, Yamasaki H, Tanabe K, 
Nasu T, Watatani H, Ujike H, Kinomura M, Sugiyama H et 
al. Renal distribution of vasohibin-1 in patients with chronic 
kidney disease. Acta Med Okayama 2014; 68: 219-233.

40. Watatani H, Maeshima Y, Hinamoto N, Yamasaki H, Ujike H, 
Tanabe K, Sugiyama H, Otsuka F, Sato Y, Makino H. Vasohibin-1 
deficiency enhances renal fibrosis and inflammation after. 
Physiol Rep 2014; 2: e12054. 

41. Hinamoto N, Maeshima Y, Saito D, Yamasaki H, Tanabe K, 
Nasu T, Watatani H, Ujike H, Kinomura M, Sugiyama H et 
al. Urinary and plasma levels of vasohibin-1 can predict renal 
functional deterioration in patients with renal disorders. PLoS 
One 2014; 9: e96932.

42. Tan X, Li Y, Liu Y. Paricalcitol attenuates renal interstitial 
fibrosis in obstructive nephropathy J Am Soc Nephrol 2006; 
17: 3382-3393.

43. Molina P, Górriz JL, Molina MD, Peris A, Beltrán S, 
Kanter J, Escudero V, Romero R, Pallardó LM. The effect of 
cholecalciferol for lowering albuminuria in chronic kidney 
disease: a prospective controlled study. Nephrol Dial Transplant 
2014; 29: 97-109.


