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Introduction
Children with a solitary functioning 
kidney  (cSFK) have a risk of renal injury 
caused by hyperfiltration in early life. 
These children are also at increased risk 
for hypertension, proteinuria, and renal 
failure in later life.[1] It has been reported 
that hyperfiltration‑mediated injury due to 
the alterations in intrarenal hemodynamics 
can contribute to developing a renal 
injury. However, the exact mechanism of 
hyperfiltration‑mediated injury remains 
unclear.[2] Transforming growth factor‑beta 
1 (TGF‑β1) is a multifunctional polypeptide 
with a molecular weight of 25  kDa that 
plays a critical role in the regulation 
of cell proliferation, inflammation, and 
angiogenesis. Increased TGF‑β1 expression 
contributes to structural changes in the 
artery wall and vascular fibrosis during 
hypertension.[3]
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Abstract
Introduction: Glomerular hyperfiltration leads to hypertension, microalbuminuria, and impaired 
renal function in children with congenital solitary functioning kidney  (cSFK). The purpose of this 
study was to investigate the associations between serum transforming growth factor β‑1  (TGF) 
and endoglin levels and hypertension, renal function or microalbuminuria in children with cSFK. 
Materials and Methods: 63  patients and 36 controls were included in the study. Serum endoglin 
and TGF‑β1 level was measured using ELISA commercial kits. Results: Serum TGF‑β1 and 
endoglin levels were higher in patients than those of controls (P = 0.04 and P < 0.001, respectively). 
The prevalence of hypertension was found to be 45.6%. There was a positive association between 
endoglin levels and the presence of masked hypertension  (odds ratio: 1.121, P  =  0.04). TGF‑β1 
and endoglin levels were positively associated with microalbuminuria  (OR: 1.17, P  =  0.04; OR: 
1.836, P = 0.01). ROC curve analysis showed that serum endoglin and TGF‑β1 levels had predictive 
value for microalbuminuria  (cut‑off value: 4.86  ng/mL, sensitivity: 94.7%, specificity: 54.5%, 
area under the curve  ±  standard error  [AUC  ±  SE]: 0.888  ±  0.025, P  =  0.01 for endoglin; cut‑off 
value 561.24  pg/mL, sensitivity: 89.5%, specificity: 73%, AUC  ±  SE: 0.995  ±  0.334, P  =  0.02 
for TGF‑β1). There were no significant relationships between glomerular filtration rate and serum 
TGF‑β1 or endoglin levels. Conclusions: Endoglin and TGF‑β1 may play an important role in the 
pathophysiology of microalbuminuria in cSFK. Endoglin may have a role in the development of 
hypertension in children with cSFK.
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Endoglin is a transmembrane glycoprotein 
that is a part of the TGF‑receptor complex 
and highly expressed in vascular endothelial 
cells in the areas of vascular injury. The 
serum endoglin level is thought to be a 
useful indicator of endothelial injury and 
inflammation, and endoglin levels can be 
increased by hypoxia and angiotensin II 
during renal ischemia.[4]

We aimed to investigate the serum TGF‑β1 
and endoglin levels in children with cSFK. 
We also evaluated whether serum TGF‑β1 
and endoglin levels were associated 
with hypertension, glomerular filtration 
rate (GFR), and urine microalbumin levels.

Materials and Methods
Study group

This study included patients aged 
5–18  years with unilateral renal 
agenesis  (URA) and multicystic dysplastic 
kidney  (MCDK) who were followed up in 
our Pediatric Nephrology Outpatient Clinic 
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between September 2010 and March 2017. Exclusion 
criteria were a chronic disease, active infection, congenital 
heart disease, vascular disease, other kidney abnormalities, 
and use of antihypertensive drugs at the beginning of the 
study.

The study includes patients’ sex‑ and age‑matched controls. 
The control group’s physical examination findings and 
office and/or ambulatory blood pressure (BP)  values were 
normal. There was no evidence of chronic disease, active 
infection, or history of drug use within the past month.

Laboratory data

Peripheral venous blood samples were obtained in the morning 
after an overnight fast. Serum creatinine and blood urea 
nitrogen levels were determined on blood specimens in the 
patient and control groups. GFR and urine microalbumin levels 
were measured in the 24‑h urine samples. Renal clearance 
of endogenous creatinine  (CrCs) was calculated using the 
formula CrCs = UCr × V × 1.73/sCr × t × BSA (UCr = urine 
creatinine excretion, V  =  volume of urine over a given 
period, t  =  period of urine collection  [24  h  (1,440  min)]). 
Microalbuminuria was defined as excretion of 30–300  mg 
of albumin per 24  h. Trained personnel measured office 
blood pressure values by manual auscultation with a mercury 
sphygmomanometer.

Venous blood samples were centrifuged at 2000 g (10 min) 
to remove the plasma and serum. Supernatants were 
frozen at  −80C° until further use. Serum endoglin 
and TGF‑β1 level were measured using a commercial 
enzyme‑linked immunosorbent assay  (ELISA) 
kit  (endoglin, Elabsience‑AK0017APR17031; TGF‑β1, 
Invitrogen‑145440021). As a heterogenous 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  (Perkin Elmer, Waltham, United States), the 
results were expressed as ng/mL and pg/mL, respectively.

Ambulatory blood pressure monitoring

Ambulatory blood pressure monitoring  (ABPM) was 
performed over  24  h using the Scanlight II/III long‑term 
BP monitoring system. BP was measured every 20  min 
during the day  (08:00–22:00) and every 30  min at 
night  (22:00–08:00). Hypertension was defined as average 
systolic BP  (SBP) and/or diastolic BP  (DBP) above the 
95th  percentile, according to gender, age, and height. 
Dipping status was greater than a 10% reduction in 
nocturnal average SBP and/or DBP.

Ethics committee approval

This study was approved by the local ethics committee and 
conducted in accordance with the Declaration of Helsinki. 
The parents of the patients and controls gave informed 
consent.

Statistical analysis

Statistical analyses were performed using SPSS 11.0 
(SPSS Inc., Chicago, IL). Values are expressed as mean 
and standard deviation  (SD) for continuous variables and 
interquartile range  (IQR) for qualitative variables. The 
Shapiro–Wilk test was used to determine data normality. 
Means were compared using independent sample 
t‑tests in normally distributed data. The comparison of 
the non‑normally distributed data was done with the 
Mann‑Whitney U test. Correlations between variables 
were evaluated using Pearson’s or Spearman’s tests, as 
appropriate. A  P  value  <0.05 was considered significant. 
Categorical variables were compared via the Chi‑square 
test. Linear regression analysis was performed to explore 
the relationship of serum endoglin and TGF‑β1 level with 
GFR and urine microalbumin levels as the dependent 
variables. A  logistic regression analysis was performed to 
determine the influence of serum endoglin and TGF‑β1 
level in the presence of microalbuminuria and hypertension. 
Receiver‑operating characteristic  (ROC) analysis was used 
to determine the cutoff values and the sensitivity/specificity 
of serum endoglin and TGF‑β1 level.

Results
17 of 102  patients with cSFK who followed up in our 
outpatient clinic were excluded from the study because 
they did not meet the study criteria. Nearly half  (45.6%) 
of the 85  patients with cSFK who met the inclusion 
criteria had hypertension  (clinic hypertension: 22, masked 
hypertension: 17). Twenty‑two patients receiving an 
antihypertensive drug at the beginning of the study were 
also excluded.

The remaining 63 patients (12 MCDK and 51 URA) and 36 
healthy children were included in this study. The mean age 
of the patients was 10.9 ± 3.38 years. Serum creatinine and 
urine microalbumin levels were higher in the patients than 
in the control group (P = 0.02 and P = 0.02, respectively). 
The patients had significantly lower GFR compared to the 
control group  (P  =  0.02). Serum TGF‑β1 and endoglin 
levels were higher in the patients than in the control 
group (P = 0.04 and P < 0.001, respectively, Table 1).

The office SBP and DBP z‑scores were similar in the 
patient and control groups  (P  =  0.37 and P  =  0.47, 
respectively, Table 1). Seventeen (26.9%) of 63 patients had 
masked hypertension. Non‑dipping status was identified 
in 35  (83.3%) patients. Nighttime SBP, 24‑h SBP, DBP 
(24‑h, day and night), nighttime SBP load, and daytime and 
nighttime DBP loads were higher in the patients than in the 
control group. Table 2 shows the detailed results of ABPM.

The correlation analysis showed significant 
correlations between serum endoglin levels and urine 
microalbumin or 24‑h SBP with daytime SBP loads 
(r = 0.475; P < 0.001, r = 0.401 and P = 0.03 or r = 0.614, 
P = 0.02, respectively) and a significant positive correlation 
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between serum TGF‑β1 and urine microalbumin levels 
(r = 0.421; P = 0.02). There were no significant correlations 
between GFR and serum endoglin or TGF‑β1 levels.

Table  3 shows the detailed laboratory data of the patients 
with and without masked hypertension. Serum endoglin 
levels were higher in those patients with masked 
hypertension  (5.6  ±  1.81/4.1  ±  0.65  ng/mL, P  =  0.04, 
Figure  1a). Logistic regression analyses determined 
a positive association between serum endoglin levels 
and masked hypertension  (odds ratio  [OR]: 1.121, 95% 
confidence interval  [CI] = 1.013–5.678, P  =  0.04). 
ROC analyses showed that serum endoglin levels had 
diagnostic value for the presence of masked hypertension. 
The area under curve  (AUC) was 0.730  ±  0.101 
(cutoff value: 4.901  ng/mL, CI: 0.534–0.897, sensitivity: 
87.5%, specificity: 54.5%, P = 0.04, Figure 1b).

Thirty‑nine  (61.9%) patients had microalbuminuria. Serum 
TGF‑β1 and endoglin levels were higher in patients 
with microalbuminuria than in those without  (P  =  0.03, 
P  =  0. 001, respectively, Table  4). A  linear regression 
analysis determined significant associations between 
urine microalbumin and TGF‑β1 or serum endoglin 
levels  (beta = 0.383, P = 0.04 and beta = 0.432, P = 0.02, 
respectively). In logistic regression analysis, we found 
that serum TGF‑β1 and endoglin levels had predictive 
value for the presence of microalbuminuria  (OR: 1.17, 
95% CI  =  1.098–1.273, P  =  0.04; OR: 1.836, 95% 
CI  =  1.485–12.473, P  =  0.01). ROC curve analysis 
showed that the cutoff value of endoglin for the presence 
of microalbuminuria was 4.86  ng/mL, with a sensitivity 
of 94.7% and a specificity of 54.5%  (AUC  ±  SE: 
0.888  ±  0.025, 95% CI: 0.768–1, P  =  0.01, Figure  2a). 
TGF‑β1 had a sensitivity of 89.5% and specificity of 
73% with a cutoff of 561.24  pg/mL for the presence of 
microalbuminuria  (AUC  ±  SE: 0.995  ±  0.334, 95% CI: 
0.980–1.132, P = 0.02, Figure 2b).

Discussion
We investigated whether serum TGF‑β1 and endoglin levels 
were associated with microalbuminuria, hypertension, or 
GFR. The results of this study revealed higher ABPM 
values, serum TGF‑β1, endoglin, and urine microalbumin 
levels in children with cSFK. Serum endoglin and TGF‑β1 
level were positively associated with microalbuminuria. 
However, there were no significant relationships between 
GFR and serum TGF‑β1 or endoglin levels.

Microalbuminuria could reflect both endothelial cell 
dysfunction and early renal injury. The increased albumin 
filtration because of glomerular injury may contribute to 
the development of microalbuminuria by exceeding the 
albumin reabsorption capacity of the tubule. However, 
there are conflicting results for the association between 
microalbuminuria and glomerular hyperfiltration or tubular 
damage in children with cSFK.[5,6] We could not identify 
a significant association between urine microalbumin 
levels and GFR in patients with cSFK. Our results suggest 
that higher urine microalbumin excretion may be due to 
changes in tubular reabsorption of albumin in children with 

Table 1: Demographic and laboratory data of the 
patients and the control group

Parameters Patients (n=63) Controls (n=36) P
Gender (M/F) 41/22 20/16 0.15
Age (years) 10.9±3.38 12.2±3.53 0.15
Weight z‑score 0.61 (−0.93–1.02) 0.68 (−0.77–0.92) 0.12
Height z‑score 0.4 (−1.12–0.84) 0.51 (−0.95–1.04) 0.21
BUN (mg/dL) 11.5±3.94 10.6±3.61 0.54
Creatinine (mg/dL) 0.6±0.25 0.5±0.14 0.02
TGF‑β1 (pg/mL) 588.3±91.75 417±140.78 0.04
Endoglin (ng/mL) 5.7±2.37 2.4±1.28 <0.001
Glomerular 
filtration rate 
(mL/min/1.73 m2)

103.4±47.17 135.5±44.99 0.02

24‑hour 
microalbumin
(mg/day)

9.82 (4.16–18.24) 3.4 (1.90–18.68) 0.02

Office SBP z‑score 0.82 (−0.18–1.17) 0.68 (−0.02–1.29) 0.15
Office DBP z‑score 0.42 (−0.03–0.91) 0.69 (−0.14–1.35) 0.22
Data were shown as mean±SE or median  (interquartile range). 
BUN‑ blood urea nitrogen, SBP‑systolic blood pressure, DBP‑diastolic 
blood pressure, TGF‑β; transforming growth factor‑beta

Table 2: Ambulatory blood pressure monitoring values 
of the patients and controls

Parameters Patients (n=63) Controls (n=36) P
24‑h SBP values 
(mmHg)

111.3±11.01 102.2±5.12 0.03

Daytime SBP 
(mmHg)

113 (101.25–116.75) 109 (104–112.5) 0.37

Nighttime SBP 
(mmHg)

112.9±9.50 93.5±4.95 0.04

24‑h DBP values 
(mmHg)

73.1±7.96 58.3±4.54 0.01

Daytime DBP 
(mmHg)

67.5 (61–74.75) 62 (59.75–63) 0.008

Nighttime DBP 
(mmHg)

69.4±9.13 53.3±3.97 0.005

Daytime SBP 
load (%)

0 (0–3.77) 0 (0–0) 0.16

Nighttime SBP 
load (%) 

13 (9–27.5) 7 (3–11) 0.01

Daytime DBP 
load (%)

21 (11–39) 5 (0–14) 0.01

Nighttime DBP 
load (%)

21 (14–48.75) 5 (0–9) 0.02

Non‑dipping 
(n; %) 

35 (83.3%) ‑ ‑

Masked 
hypertension 
(n; %)

17 (26.9%) ‑ ‑

Data were shown as mean±SD or median (interquartile range). SBP, 
systolic blood pressure; DBP, diastolic blood pressure
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cSFK. Factors besides hyperfiltration may contribute to the 
development of microalbuminuria in these children.

Hypertension and microalbuminuria are early signs of 
renal injury in children with cSFK.[7] The structural and 
functional changes in glomeruli due to hyperfiltration lead 
to increased glomerular pressure, glomerulosclerosis, and 
systemic hypertension. Tabel et  al. found that the mean 
SBP and 24‑h DBP loads were higher in children with 
SFK than in a control group.[8] Dursun et  al. showed that 
mean 24‑h DBP  values were higher in a URA group than 
in a control group.[9] We found that about one‑third of 
patients had masked hypertension. However, office SBP 
and DBP values did not differ between the patients and the 
control group, suggesting that it might be worthwhile to 
consider ABPM in all children with cSFK.

TGF‑β1 is an important mediator in the development 
of renal fibrosis. Fluid shear stress and the 
renin‑angiotensin‑aldosterone system in SFK activate 
TGF‑β1 production in endothelial cells and contribute to 

the pathogenesis of hypertensive injury. The increased 
secretion of TGF‑β1 causes podocyte apoptosis, decreased 
matrix degradation, epithelial‑mesenchymal transition, 
and decreased mRNA levels of megalin in the kidney.[10] 
It has also been reported that TGF‑β1 induces proteinuria 
by changes in the glomerular filtration barrier, such as 
decreased mRNA levels of nephrin and interstitial fibrosis 
or mesangial expansion.[11‑13] Suthanthiran et  al. reported 
a positive association between serum TGF‑β1 level and 
microalbuminuria or chronic kidney disease progression.[14] 
Thus, it has been suggested that anti‑TGF‑β therapy can 
decrease renal fibrosis.[15,16] Miyajima et  al. showed that 
inhibiting TGF‑β gene expression could decrease interstitial 
fibrosis in a unilateral ureteral obstruction model.[17] We 
showed significant associations between serum TGF‑β1 
level and microalbuminuria. However, there was no 
significant association between GFR and serum TGF‑β1 
level. Our results suggest that increased TGF‑β1 level 
may cause microalbuminuria by affecting proximal tubule 
cells and/or podocyte independence from GFR in children 

Table 3: The comparison of the laboratory data of the patients with and without masked hypertension
Parameters Masked hypertension (+)

(n=17)
Masked hypertension (−)

(n=46)
P

Gender (M/F) 12/5 29/17 0.21
Age (years) 11.3±2.98 10.9±3.05 0.19
Weight z‑score 0.57 (−0.76–1.14) 0.61 (−0.66–1.02) 0.23
Height z‑score 0.56 (−0.94–1.01) 0.54 (−0.85–0.94) 0.31
BUN (mg/dL) 11.2±3.04 9.5±2.61 0.68
Creatinine (mg/dL) 0.5±0.15 0.6±0.23 0.32
TGF‑β1 (pg/mL) 584.1±80.28 583.5±70.56 0.14
Endoglin (ng/mL) 5.6±1.81 4.1±0.65 0.04
Glomerular filtration rate 
(mL/min/1.73 m2)

89.4±27.36 101.5±39.61 0.08

24‑hour microalbumin
(mg/day)

14.76 (6.27–24.63) 11.57 (5.16–19.91) 0.07

Office SBP z‑score 0.63 (−0.21–0.98) 0.78 (−0.11–1.06) 0.36
Office DBP z‑score 0.44 (−0.04–0.87) 0.56 (−0.08–1.09) 0.21
Data were shown as mean±SE or median (interquartile range). TGF‑β; transforming growth factor‑beta

Figure 1: (a) Serum endoglin levels were higher in patients with masked hypertension than those of normotensive patients (P = 0.04), (b) receiver operating 
characteristic (ROC) curve of serum endoglin levels for the prediction of masked hypertension. Cutoff value: 4.901 ng/mL, sensitivity: 87.5%, specificity: 
54.5% (AUC ± SE: 0.730 ± 0.101, 95% CI: 0.534–0.897, P = 0.04)

ba
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with cSFK. Future research is necessary to determine 
whether TGF‑β1 plays a role in the development of 
microalbuminuria in cSFK.

The literature has conflicting results on associations between 
TGF‑β1 and hypertension. Suthanthiran et  al. showed 
higher serum TGF‑β1 level in Caucasian hypertensive 
patients.[18] Laviades et  al. reported that hypertensive 
patients with microalbuminuria had higher serum TGF‑β1 
level.[19] In contrast, Matsuki et  al. suggested that 
TGF‑β1  suppressed renal tubular sodium reabsorption in a 
mouse model and reported that elevated TGF‑β1 level did 
not lead to hypertension.[20] We could not find significant 
correlations between TGF‑β1 level and BP values, standing 
PRA, or aldosterone levels, and we could not demonstrate 
significant effects of serum TGF‑β1 level on hypertension. 
Therefore, further detailed studies are needed to confirm 
the role of serum TGFβ1 level in BP regulation in cSFK.

Endoglin modulates the interaction between TGF and 
its receptors. It was thought that endoglin could be an 
inhibitor for TGF‑β1 signaling. It has been reported that 
endoglin levels increased in kidneys with renal fibrosis 
by renal mass reduction and unilateral ureteropelvic 
obstruction.[21,22] An animal study revealed that endoglin 

could reduce inflammatory infiltration in kidneys after 
ischemic‑reperfusion injury in transgenic mice.[23] Thus, 
it has been suggested that increased endoglin expression 
could be a protective mechanism against the fibrogenic 
effects of TGF‑β.[24] Charytan et  al. investigated whether 
serum endoglin levels could contribute to the progression 
of chronic kidney disease in adult patients. They could not 
determine significant associations between serum endoglin 
levels and GFR or urine microalbumin levels.[25] We also 
could not identify a significant association between serum 
endoglin levels and GFR. However, our results revealed 
higher serum endoglin levels in patients with cSFK. 
Further, serum endoglin levels were significantly associated 
with microalbuminuria. This result might support endoglin 
as a cause of microalbuminuria in patients with cSFK.

The expression of endoglin in vascular endothelial 
and smooth muscle cells increases by vascular injury 
in endothelial cells.[22] The release of endoglin leads 
to decreased prostacyclin and nitric oxide production, 
endothelial cell dysfunction, and hypertension.[26] An adult 
study showed a significant correlation between serum 
endoglin levels and elevated BP in hypertensive and 
diabetic patients.[27] Our results showed that serum endoglin 

Table 4: The comparison of the laboratory data of the patients with and without microalbuminuria
Parameters Microalbuminuria (+) (n=39) Microalbuminuria (−) (n=24) P
Gender (M/F) 25/14 16/8 0.45
Age (years) 11.4±3.41 9.6±2.03 0. 07
BUN (mg/dL) 11.5±3.96 11.7±4.17 0. 91
Creatinine (mg/dL) 0.6±0.21 0.6±0.18 0. 83
TGF‑β1 (pg/mL) 598.4±54.95 504.4±18.96 0.03
Endoglin (ng/mL) 5.6±1.59 3.9±0.48 0. 001
Glomerular filtration rate 
(mL/min/1.73 m2)

108.1±44.39 98.1±21.29 0. 41

Data were shown as mean±SE or median (interquartile range). PRA: Plasma renin activity, TGF‑β: Transforming growth factor‑beta 

Figure 2: ROC curve of serum endoglin and transforming growth factor β1 (TGF‑β1) levels for the prediction of microalbuminuria in patients with congenital 
solitary functioning kidney (cSFK). (a) Cutoff value: 4.86 ng/mL, sensitivity: %94.7, specificity: 54.5% (AUC ± SE: 0.888 ± 0.025, 95% CI: 0.768–1, P = 0.01) 
for endoglin. (b) Cutoff value: 561.24 pg/mL, sensitivity: 89.5%, specificity: 73% (AUC ± SE: 0.995 ± 0.334, 95% CI: 0.980–1.132, P = 0.02) for TGF‑β1

ba
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levels were associated with hypertension and therefore 
suggest that endoglin might play a role in the development 
of hypertension in children with cSFK.

Our study has certain limitations. It is cross‑sectional and 
has a small sample size. We did not assess the middle‑ and 
long‑term effects of endoglin and TGF‑β1. The device 
for ABPM was not a monitor validated in children by the 
American Academy of Pediatrics Clinical Practice Guideline 
for Screening and Management of High BP in Children 
and Adolescents.[28] However, ABPM was performed via a 
standardized approach with pediatric normative data.

It has been reported that urinary TGF‑β1 may serve as a 
marker of early renal injury in obstructive uropathies and 
reflux nephropathy and that urinary TGF‑β1 correlates 
with the degree of renal interstitial fibrosis.[29,30] The lack 
of measurement of urinary TGF‑β1 and endoglin levels is 
also an important limitation in this study, since these levels 
may reflect intrarenal production. In the literature, there 
are few studies investigating urinary endoglin levels.[31] 
It was shown that patients with severe preeclampsia had 
increased urinary endoglin levels and that urinary endoglin 
levels were positively correlated with proteinuria.[32] To 
the best of our knowledge, there are no published reports 
evaluating urine endoglin levels in kidney diseases, 
although several clinical and experimental studies have 
shown increased levels of endoglin in serum, plasma, or 
tissue in fibrotic‑related pathologies.[33] We were not able to 
show that urinary TGF‑β1 and endoglin levels might also 
be associated with renal damage in children with cSFK. 
Nevertheless, this study was the first to test for serum 
endoglin and TGF‑β1 level in children with cSFK.

In conclusion, the results of our study show that children with 
cSFK have higher urine microalbumin levels and BP values 
with lower GFR. The increased serum TGF‑β1 level may 
contribute to developing microalbuminuria independent from 
GFR in cSFK. Serum endoglin levels may play an important 
role in the pathophysiology of microalbuminuria and 
hypertension. Long‑term follow‑up studies in larger groups 
are needed to determine the association between renal 
function and serum TGF‑β1 or endoglin levels in children 
with cSFK. The results of our study provide a basis for 
future studies or treatment strategies to slow the progression 
of chronic kidney disease in cSFK.
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