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Abstract
Background This cross-sectional study aimed to determine the influence of genetic polymorphism in two renin-angiotensin
system (RAS)-candidate genes on urinary trefoil family factor 3 (TFF3) levels in children with congenital anomalies of kidney
and urinary tract (CAKUT).
Methods The study included fifty children with CAKUT (PUV, VUR, and PUJO) and twenty age-matched controls. Urinary
TFF3 levels were measured by enzyme-linked immunosorbent assay. Detection of genetic polymorphisms in two genes, i.e., I/D
polymorphism (SNP at rs4340) in angiotensin-converting enzyme (ACE) and A/T polymorphism in the angiotensin II receptor
type-2 (AT2R) due to point mutation at rs3736556 was performed by polymerase chain reaction. Progressive deterioration in
kidney function was defined as fall in GFR to < 60 ml/min/1.73 m2 and/or progressive scarring.
Results In our cohort, the genotypic distribution of patients and controls showed no difference. Progressive functional deterio-
ration was significantly associated with the presence of D allele (p = 0.0004), A allele (p = 0.005), and both (p < 0.0001) in
patients. Significantly raised TFF3 levels were detected in the urine of children having D allele (D/D > I/D > I/I; p < 0.0001) and
A allele (A/A >A/T > TT; p < 0.0001). Also, children with both D/D and A/A allelic genotypes had significantly elevated urinary
TFF3 compared to those having either of them.
Conclusions The presence of D allele and/or A allele is significantly associated with progressive functional deterioration and
elevated urinary TFF3 levels. These findings support the role of angiotensin II-AT2R-NF-κB interaction in progressive deteri-
oration of kidney function and subsequent TFF3 expression in CAKUT.
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Introduction

Urinary trefoil family factors (TFF) have shown great poten-
tial as biomarkers predicting the progressive deterioration in

kidney function in children with congenital anomalies of the
kidney and urinary tract (CAKUT) [1]. Of all trefoil peptides,
TFF3 is considered to be the best predictor of functional dam-
age to the kidney. It is hypothesized that raised levels of uri-
nary TFF3 actually exhibit the pronounced activity of the
renin-angiotensin (RAS) pathway in these children [1, 2].
However, the exact mechanism is still unknown.

On the other hand, there is strong evidence in the literature
highlighting the association of genetic polymorphisms in
RAS-candidate genes with congenital uropathies [3]. Of these,
the stance of the angiotensin-converting enzyme (ACE) gene
has been extensively studied. The presence of D allele in I/D
polymorphism of the angiotensin-converting enzyme (ACE)
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gene has shown a significant association with progressive kid-
ney injury in these children [4]. However, no significant dif-
ference in the ACE I/D genotype distribution among the pa-
tients and controls indicates a lack of association of this gene
in the occurrence of CAKUT [3, 4]. Similarly, polymorphism
in intron 1 of the angiotensin II receptor type-2 (AT2R) gene
has shown a significant association with CAKUT in Italian
children [3]. A significant association of the AT2R gene at
rs3736556 and rs5194 was also noticed in Brazilian children
with pelvi-ureteric junction obstruction (PUJO) [5]. The pres-
ent study was designed to investigate the genotype distribu-
tion in two RAS-candidate genes, i.e., ACE and AT2R in fifty
Indian children with CAKUT and twenty controls. We aim to
determine the influence of these polymorphisms on the uri-
nary TFF3 levels to confirm the possible role of the RAS
pathway in regulating the TFF3 expression in these children.

Patients and methods

A cross-sectional study was conducted in the Department of
Pediatric Surgery at our center. Prior to the start of the study,
approval was obtained from the Institutional Ethics
Committee. Parental consent and assent were also taken at
the time of recruitment of the participants.

Patient population

Fifty children with common congenital uropathies (posterior
urethral valves (PUV), vesicoureteral reflux (VUR), and
PUJO) were included in this study. All were aged < 14 years
at the time of diagnosis and had received treatment in accor-
dance with departmental protocols. Twenty age-matched chil-
dren with non-genitourinary diseases were also recruited with-
in the control group. All participants (patients and controls)
underwent blood sampling as a part of the study protocol. The
same cohort had undergone urine sampling and biomarker
(TFF3) measurement as a part of the previous study [1]. The
archives of all the patients were screened for serial
technetium-99m diethylenetriaminepentaacetic acid (DTPA)
and technetium-99m dimercaptosuccinic acid (DMSA) scans.
Progressive deterioration in kidney function was defined as a
fall in GFR to < 60ml/min/1.73 m2 on serial DTPA scans and/
or new-onset cortical scar/scars or increase in the size of pre-
vious scar/scars on serial DMSA scans [1].

Blood sampling and genetic polymorphism

All children were subjected to a peripheral intravenous
puncture and 5 ml of blood was collected in an ethyl-
enediaminetetraacetic acid (EDTA) vial. DNA isolation
was done using QIAGEN® isolation kit (QIAGEN
Sciences Inc., Germantown, MD, USA). For AT2R gene

polymorphism, the amplification-refractory mutation sys-
tem (ARMS) PCR primers were used to detect point
mutation (A to T transition) at rs3736556 site of the
AT2R gene [5]. Normal (5 ′-TATGTTAATTTGTT
AGGTCA-3′) and mutant (5′-TATGTTAATTTGTT
AGGTCT-3′) ARMS reaction premixes were prepared
according to previously published ARMS PCR guide-
lines and 40 μl aliquots of the premix were dispensed
into reaction tubes suitable for use in a thermal cycler.
Taq DNA polymerase was added and a conventional
PCR device (Bio-Rad T100™ thermal cycler, Bio-Rad
Laboratories, USA) was used. Thermocycling protocol
consisted of pre-incubation (94 °C) for 2 min, then 35
cycles of denaturation (94 °C) for 15 s, annealing (59
°C) for 10 s, and extension (72 °C) for 30 s. For de-
tecting ACE I/D polymorphism, previously published
primer sequences, i.e., 5′-CTGAGA CCACTCCCATC-
3′ and 5′-GATGTGGCCATCACATTCGTCAGAT-3′
were used to detect insertion/deletion of the Alu element
in intron 16 (SNP at rs4340 site) of the ACE gene [4].
Amplification with these primers yields D and I alleles
of 490 and 190 base pairs, respectively.

Case and control samples were randomly arranged in well
plates with at least 20% of genotypes re-typed as quality con-
trol. The PCR products were subjected to gel electrophoresis
using 2% agarose gel with ethidium bromide. Subsequently,
visualization was performed under ultraviolet illumination.

Urine collection and biomarker measurement

Urinary sampling, sample storage, and biomarker measure-
ment were performed as a part of the previous study [1]. The
enzyme-linked immune absorbent assay kit (ImmunoTag™,
Geno Technology Inc., USA) was used for TFF3
measurement in the supernatant. The ratio of urinary
biomarker concentration to urinary creatinine was calculated
to eliminate the variations due to urinary flow rate. Urinary
creatinine was measured using Jaffe’s method.

Statistical analysis

Data extraction and analysis were performed using Microsoft
Excel (Version 15.24) and Stata/SE 12.0, respectively. Data
were expressed as numbers and proportion. Median and inter-
quartile range (IQR) were used when the distribution was non-
normal. Categorical variables were assessed using the chi-
square test. Comparison of the median concentration of uri-
nary TFF3 between two groups was performed using the
Wilcoxon rank sum test. When the groups were more than
two, Kruskal-Wallis test was used. A p value of < 0.05 was
considered to be statistically significant.
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Results

Baseline characteristics

The study included fifty patients and twenty controls (Table 1)
with a median (IQR) age of 3 (1.5–5) and 2.3 (1.2–3.6) years,
respectively. No significant difference (p = 0.29) was ob-
served when comparing the age of patients and controls. The
male:female distribution of the patients and controls were 42:8
and 16:4, respectively. The distribution of PUV, VUR, and
PUJO in the cohort was 44% (22/50), 36% (18/50), and 20%
(10/50), respectively. As per the archives, the median (range)
GFR (in ml/min/1.73 m2) of the cohort decreased from 68.5
(17–120) to 55 (15–115). Overall, twenty-one (53%) children
had progressive deterioration in kidney function. Seventeen of
these showed a decline in GFR to < 60. However, four showed
progressive scarring on serial DMSA scans.

The median (IQR) urinary concentrations of TFF3 in chil-
dren with CAKUT and controls were 176.5 (116.2–230.7)
mcg/gCr and 74.7 (31.6–103.6) mcg/gCr, respectively. The
difference in the concentrations of TFF3 in cases versus con-
trols was statistically significant (p < 0.001).

Polymorphisms in ACE and AT2R in cases and controls

The frequency of different genotypes in the study cohort is
shown in Table 1. The I/I and A/T were the most common
ACE and AT2R allelic genotypes, seen in 46% and 50% of the
patients, respectively. None of the genotypes showed a signif-
icant association with CAKUT (Table 1) as compared to con-
trols. The distribution of different genotypes in children with
different uropathies is illustrated in Table 2. On a 3 × 2 table,
no significant association of a specific allelic genotype was
observed among children with different uropathies.

The presence of D allele (either D/D or I/D genotype) of
ACE or A allele (either A/A or A/T genotype) of AT2R
showed a significant association with progressive deteriora-
tion in kidney function (p = 0.0004 and 0.005, respectively).
Similarly, a significant association (p < 0.0001) with progres-
sive functional deterioration was seen when both the D and A
alleles were present in patients as compared to when either of
them was present. Supplementary Table 1 shows the distribu-
tion of different allelic genotypes according to progressive
deterioration in kidney function.

Table 1 Patient characteristics
Characteristics Patients (n = 50) Controls (n = 20) p value

Median (IQR) age at diagnosis, years 3 (1.5–5) 2.3 (1.2–3.6) 0.29

Gender (M:F) 42:8 16:4

Median (IQR) urinary TFF3 (mcg/gCr) 176.5 (116.2–230.7) 74.7 (31.6–103.6) <0.001

Genotypes of ACE gene

DD 20% (10/50) 25% (5/20) 0.75

ID 34% (17/50) 30% (6/20) 0.78

II 46% (23/50) 45% (9/20) 1

Genotypes of AT2R gene

AA 26% (13/50) 25% (5/20) 1

AT 50% (25/50) 55% (11/20) 0.79

TT 24% (12/50) 20% (4/20) 1

Table 2 Genotype distribution in
different uropathies PUJO (n = 10) VUR (n = 18) PUV (n = 22) p value

Genotypes of ACE gene polymorphism

DD (n = 10) 20% (2/10) 20% (2/10) 60% (6/10)

ID (n = 17) 18% (3/17) 29% (5/17) 53% (9/17)

II (n = 23) 22% (5/23) 48% (11/23) 30% (7/23) 0.44

Genotypes of AT2R gene polymorphism

AA (n = 13) 15% (2/13) 15% (2/13) 69% (9/13)

AT (n = 25) 20% (5/25) 40% (10/25) 40% (10/25)

TT (n = 12) 25% (3/12) 50% (6/12) 25% (3/12) 0.24
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Relationship of urinary TFF3 levels with
polymorphisms in ACE and AT2R genes

The median (IQR) concentrations of urinary TFF3
(Supplementary Table 2) in patients with D/D, I/D, and I/I
allelic genotypes of the ACE gene were 364.3 (273.7–
409.1), 203.7 (179.2–216.7), and 105.2 (82.8–154.7) mcg/
gCr. This comparison showed a statistically significant differ-
ence (p < 0.0001). Figure 1 depicts the distribution of urinary
TFF3 in different allelic genotypes. On the other hand, the
comparison of urinary TFF3 levels in controls with D/D,

I/D, and I/I allelic genotypes (Fig. 1) of the ACE gene showed
no significant difference (p = 0.67).

A similar trend was observed when the urinary TFF3 levels
were compared (Fig. 2) among children with different allelic
genotypes of the AT2R gene. The median (IQR) concentra-
tions of urinary TFF3 (Supplementary Table 2) in patients
with A/A, A/T, and T/T genotypes were 275.3 (261.2–
398.3), 175.7 (137.9–191.0), and 86.8 (79.7–109.6) mcg/
gCr. This comparison showed a statistically significant differ-
ence (p < 0.0001). In contrast, urinary TFF3 levels in controls
with A/A, A/T, and T/T allelic genotypes showed no signifi-
cant difference (p = 0.78).

Of the 50 children with CAKUT, nine had both D/D allelic
genotype of ACE and A/A allelic genotype of AT2R. When
the median urinary TFF3 concentration of these children was
compared with five children, who had either D/D genotype of
ACE or A/A genotype of AT2R, a statistically significant dif-
ference (p = 0.028) was observed. The distribution of urinary
TFF3 in these children is illustrated in Fig. 3.

Discussion

The renin-angiotensin system (RAS) is one of the key regula-
tors of kidney injury in congenital anomalies of the kidney and
urinary tract [6, 7]. Apart from its potent effects on kidney
hemodynamics, angiotensin II plays a major role in the tran-
scription of various pro-inflammatory and pro-fibrogenic cy-
tokines like transforming growth factor-β1 (TGF-β1), tumor
necrosis factor-α (TNF-α), and others [7, 8]. Recently, it was
hypothesized that the angiotensin II-NF-κB interaction might

Fig. 1 Relationship of urinary TFF3withACE I/D gene polymorphism in
children with congenital uropathies and controls. Upon comparing the
TFF3 levels in different allelic genotypes among the patients, significant-
ly elevated (p < 0.0001) levels of urinary TFF3 (Kruskal-Wallis test) were
observed in the children with D/D genotype. Abbreviations ACE,
angiotensin-converting enzyme; TFF3, trefoil family factor 3; mcg, mi-
crogram; mg, milligram; g, gram; Cr, creatinine

Fig. 2 Relationship of urinary TFF3 with AT2R gene polymorphism in
children with congenital uropathies and controls. Upon comparing the
TFF3 levels in different allelic genotypes among the patients,
significantly elevated (p < 0.0001) levels of urinary TFF3 (Kruskal-
Wallis test) were observed in children with the D/D genotype.
Abbreviations AT2R, angiotensin II receptor type-2; TFF3, trefoil family
factor 3; mcg, microgram; mg, milligram; g, gram; Cr, creatinine

Fig. 3 Comparison of urinary TFF3 levels among different allelic
genotype combinations in the patient population. Children with both D/
D allelic genotype of ACE and A/A allelic genotype of AT2R had signif-
icantly elevated urinary TFF3 as compared to those with only one of these
polymorphisms (Wilcoxon rank sum test). Abbreviations ACE,
angiotensin-converting enzyme; AT2R, angiotensin II receptor type-2;
TFF3, trefoil family factor 3; mcg, microgram; mg, milligram; g, gram;
Cr, creatinine
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also be responsible for the pronounced expression of various
emerging prognostic biomarkers like urinary trefoil family
factor 3 [1]. However, concrete evidence was lacking.

The mechanisms of occurrence and progression of kidney
damage in CAKUT are diverse and incompletely understood.
Genetic polymorphisms in specific RAS-candidate genes are
considered to be important factors responsible for this pro-
gression. The insertion/deletion (I/D) polymorphisms in the
ACE gene are extensively studied in various animal and hu-
man studies. The presence of the D allele, noticed inmore than
half of the population, is associated with increased activity of
the angiotensin-converting enzyme [4, 9]. Hohenfellner et al.
had demonstrated the D/D allelic genotype of the ACE gene to
be significantly associated with kidney failure in children with
kidney malformations. This effect was shown to independent-
ly predict the adverse outcomes in these cases [10]. In another
study including eighty-four Indian children with congenital
uropathies, the presence of the D allele was depicted in more
than 90% of the children with progressive scarring. It was also
highlighted that the presence of the D allele is the only factor
independently associated with scar progression and functional
deterioration in these children [4]. Rigoli et al. have also dem-
onstrated a striking association between the D/D genotype in
children with CAKUT and parenchymal damage. On further
sub-analysis, all children with newly developing parenchymal
lesions had either the I/D or D/D allelic genotype [3]. In the
present cohort, the presence of the D allele was significantly
associated with progressive deterioration in kidney function.
Moreover, raised levels of urinary TFF3 were found to be
significantly associated with the D/D and I/D genotypes.
The concentration of TFF3 was > 3.5 times in children with
D/D genotype as compared to those with I/I genotype.
Therefore, this significant association of the D allele with
raised urinary TFF3 depicts a substantial role of angiotensin
II in the expression of TFF3. It suggests that TFF3 expression
is pronounced when the circulating serum levels of ACE and
angiotensin II are greatly increased.

Similar to ACE I/D polymorphism, single-nucleotide poly-
morphisms (SNPs) in the AT2R gene have been thoroughly
investigated. Miranda et al. have highlighted a significant as-
sociation between the occurrence of PUJO with the AT2R
gene at rs3736556 and rs5194 [5]. Apart from these sites, a
SNP at the intron 1 region of this gene has also been studied
by various authors, but the results are conflicting [3, 11]. The
presence of the A allele (rs3736556) of AT2R, like the D allele
of ACE, showed a significant association with progressive
deterioration in kidney function in our cohort. Similarly, ele-
vated levels of urinary TFF3 were found to be significantly
associated with the presence of the A allele of AT2R (decreas-
ing order of TFF3 as per genotype distribution: AA > AT >
TT). In addition, the urinary TFF3 concentrations were signif-
icantly elevated in children having both the D/D and A/A
allelic genotypes as compared to those having only one of

them. These findings clearly demonstrate the role of another
RAS product (AT2R) behind TFF3 expression and take us one
step closer to confirm the possibility of angiotensin II-AT2R-
NF-κB interaction behind the progressive deterioration of kid-
ney function in CAKUT. While no studies in humans have
shown similar findings, Esteban et al. have demonstrated
NF-κB activation by angiotensin II via AT2R receptors to be
responsible for disease progression in a ureteral obstruction
mice model [12].

In corroboration with the findings of previous studies [3, 4,
10, 11], no significant differences in the ACE or AT2R geno-
type distribution were observed among the patients and con-
trols. The reason for phenotypic differences and different
TFF3 concentrations among the patients and controls (despite
similar genotypic distribution) is because these genes are
mainly responsible for disease progression rather than having
a putative role in the genesis of CAKUT [4]. Therefore, as
seen in the controls, it is possible that some children do not
manifest the CAKUT phenotype (and have normal TFF3
levels) despite having the D allele and/or the A allele. This
is due to the absence of disease-causing mutations in the spe-
cific nephrogenic genes, e.g., PAX2, BMP4, WT1, AT2R (for
PUJO only), among others. [13]. In our study, the finding of
no significant association of the presence of the D allele or A
allele with elevated urinary TFF3 concentration in controls
supports the above explanation.

Also, no significant association of a particular genotype of
ACE or AT2R with a specific CAKUT phenotype was ob-
served in the present cohort. This was contrary to the findings
depicted by Miranda et al. [5], where a significant association
of SNP in the AT2R gene was observed with the occurrence of
PUJO. This variation could be because of limited sample size
in the present cohort or a result of racial or ethnic differences.

To our knowledge, ours is the first study demonstrating the
influence of genetic polymorphisms in the RAS-candidate
genes on urinary TFF3 levels. These results substantiate the
findings of the previous study [1]. It is believed that the mea-
surement of urinary TFF3 levels and identification of the al-
lelic genotypes associated with progressive functional deteri-
oration (e.g., D/D and A/A allelic genotypes of ACE and
AT2R) will help us to recognize at-risk children early in the
course of the disease. Thus, reno-protective strategies can be
implemented in a selective subset of children who are prone to
kidney failure.

There are some limitations of this study. First, the present
cohort was not representative of a typical CAKUT population
due to limited sample size. PUV, the most severe CAKUT
phenotype, was found to be most prevalent in our study.
Although similar observations have been reported by
Soliman et al. [14], the majority of studies demonstrate VUR
to be most prevalent [1]. Therefore, a larger cohort including a
more representative CAKUT population is needed before any
definite conclusions can be drawn. In addition, the findings of
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no significant association between the occurrence of PUJO
and SNP in the AT2R gene might be due to limited sample
size. Further, children with relatively less prevalent CAKUT
might not be included in our study due to small sample size.
Second, the issues of incomplete (or variable) penetrance and
pleiotropy need to be sorted in subsequent studies. Third, the
present study illustrates the effect of genetic polymorphism in
two genes only. The influence of other RAS-candidate genes
(e.g., REN, ACE2, and AT1R) and more than one SNP per
gene also need to be studied. Fourth, TFF3 is an emerging
biomarker for predicting prognosis in children with
CAKUT. Although previous studies have demonstrated
TFF3 overexpression in certain ocular diseases and malignan-
cies (gastric, colon, pancreatic, breast, etc.) in adults, very
limited information is available on co-existent diseases of
childhood that can act as potential confounders by exhibiting
raised TFF3 levels. Thus, this factor needs to be studied fur-
ther. Finally, the preliminary results of the influence of poly-
morphisms in RAS-candidate genes on urinary TFF3 are
promising and highlight the possible roles of angiotensin II,
NF-κB, and AT2R behind TFF3 expression. Further studies
measuring the levels of RAS-products (angiotensin II, renin,
etc.) and NF-κB in blood and urine need to be conducted to fill
the final gap in the current knowledge.

Conclusion

In children with CAKUT, genetic polymorphisms in
ACE and AT2R are associated with variable extents of
kidney injury and variations in urinary TFF3 levels. The
presence of the D allele of ACE and/or the A allele of
AT2R is significantly associated with progressive deteri-
oration in kidney function and elevated urinary TFF3
levels. However, despite no significant differences in
genotype distribution among the patients and controls,
normal urinary TFF3 levels are observed in the latter.
The present study supports the role of angiotensin II-
AT2R-NF-κB interaction in progressive functional dete-
rioration and subsequent TFF3 expression in children
with CAKUT. Further studies with a greater sample size
exploring other RAS-candidate genes and more than one
SNP per gene need to be conducted before any definite
conclusions are drawn.
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