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Abstract: Vesicoureteral reflux (VUR) is the retrograde passage of urine from the bladder to the up-
per urinary tract. It is the most common congenital urological anomaly affecting 1-2% of children and 
30-40% of patients with urinary tract infections. VUR is a major risk factor for pyelonephritic scarring 
and chronic renal failure in children. It is the result of a shortened intravesical ureter with an enlarged 
or malpositioned ureteric orifice. An ectopic embryonal ureteric budding development is implicated in 
the pathogenesis of VUR, which is a complex genetic developmental disorder. Many genes are in-
volved in the ureteric budding formation and subsequently in the urinary tract and kidney development. Previous studies 
demonstrate an heterogeneous genetic pattern of VUR. In fact no single major locus or gene for primary VUR has been 
identified. It is likely that different forms of VUR with different genetic determinantes are present. Moreover genetic stud-
ies of syndromes with associated VUR have revealed several possible candidate genes involved in the pathogenesis of 
VUR and related urinary tract malformations. Mutations in genes essential for urinary tract morphogenesis are linked to 
numerous congenital syndromes, and in most of those VUR is a feature. The Authors provide an overview of the devel-
opmental processes leading to the VUR. The different genes and signaling pathways controlling the embryonal urinary 
tract development are analyzed. A better understanding of VUR genetic bases could improve the management of this con-
dition in children. 
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1. INTRODUCTION 

 Vesicoureteral reflux (VUR) is the retrograde flow of 
urine from the bladder into the upper urinary tract and it is 
the most common urological anomaly in children.  
 Primary VUR is a congenital condition caused by the 
abnormal development and malfunction of the ureterovesical 
junction (UVJ). By contrast, secondary VUR is an acquired 
condition due to an increased intravesical pressure resulting 
as a secondary effect, in anatomical or neurological bladder 
outflow obstruction [1]. 
 Primary VUR occurs in 1–2% of the pediatric population 
and in 30–40% of children presenting urinary tract infections 
(UTI s) [1-5]. 
 The widespread use of prenatal ultrasound, has high-
lighted that 3-19% of infants with hydronephrosis on antena-
tal ultrasound scan screening could be affected by VUR, but 
its real prevalence remains uncertain because early diagnosis 
requires invasive radiology and most VUR spontaneously 
resolves [2, 6]. 
 The ureter and bladder physiology plays a pivotal role in 
the genesis of VUR. 
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 The major function of the ureter is to transport urine from 
the kidney to the bladder in a unidirectional manner. There-
fore, congenital anomalies of the ureter and their associated 
junction structures (ureteropelvic and ureterovesical) often 
cause abnormal urine transport, including urinary obstruction 
and VUR. Both urinary obstruction and VUR increase the 
pressure in the ureter and renal pelvis and can co-exist in the 
same patient [7]. Chronic and persistent urinary obstruction 
or VUR eventually cause hydronephrosis and hydroureter, 
which may facilitate colonization and growth of bacteria, 
such as E. Coli in urine, and predispose to recurrent UTI [8]. 
 Congenital reflux nephropathy (RN) could be the result 
of an abnormal embryological development with subsequent 
renal dysplasia, and it is largely seen in male infants with 
high-grade VUR. In addition, periodic exposure to UTIs in 
patients with VUR can lead to progression of renal paren-
chymal damage. 
 Acquired renal scarring associated with VUR could be 
the result of an acute inflammatory reaction caused by bacte-
rial infection of the renal parenchyma [9] and the risk of re-
nal scarring after an episode of pyelonephritis (proven by 
dimercaptosuccinic acid [DMSA] scan) is increased in chil-
dren with high grade VUR, affecting up to 89% of children 
with grade IV–V VUR [10]. 
 Reflux nephropathy seems to be an important cause of 
childhood hypertension and chronic renal failure, despite the 
improvements in diagnosis and treatment [11]. 

1875-5488/16 $58.00+.00 ©2016 Bentham Science Publishers



Genetics of Vesicoureteral Reflux Current Genomics, 2016, Vol. 17, No. 1    71

 Patients with VUR at a young age may develop reflux 
nephropathies featuring recurrent UTI, renal scarring, neph-
ron loss, and compensatory hypertrophy of remnant neph-
rons [12]. Reflux nephropathies ultimately cause proteinuria, 
degeneration of remnant nephrons, glomerulosclerosis, and 
tubular atrophy, which could lead to chronic kidney insuffi-
ciency and end stage renal disease (ESRD) [13]. It has been 
reported that about 10% of patients with reflux nephropathy 
will progress to chronic kidney insufficiency and ESRD, and 
eventually they will require dialysis or kidney transplanta-
tion [14]. 
 The pathogenesis of reflux nephropathy is not well un-
derstood, and it remains unclear why only a subset of pa-
tients progress to develop chronic kidney insufficiency and 
ESRD. The progression from reflux nephropathy to ESRD is 
often associated with proteinuria [13] and most patients with 
reflux nephropathy and ESRD have focal segmental glome-
rulosclerosis (FSGS) [15]. 
 Over the past 30 years, the prevailing hypothesis about 
the pathogenesis of reflux nephropathy has been that the 
high pressure from the refluxing urinary stream and recurrent 
UTI can result in renal injury and kidney parenchyma fibro-
sis or scarring, also called “acquired”� reflux nephropathy. 
This impairs kidney development and growth [16, 17]. The 
pathogenesis of proteinuria and glomerulosclerosis in pa-
tients with “acquired”� reflux nephropathy and progressive 
renal insufficiency remains controversial. At least four 
mechanisms have been proposed, which include immu-
nologic injury, macromolecular trapping and mesangial dys-
function, vascular alterations, and glomerular hypertension. 
On the other hand, the clinical course resulting in reflux 
nephropathy and ESRD does not appear to be altered by ei-
ther surgical correction of VUR or by the control of UTI and 
hypertension [17]. Some authors hypothesized that children 
with VUR developed congenital renal scar before birth. It 
could be caused by the continue progression to “congenital”�

reflux nephropathy and renal insufficiency, due to abnormal 
ureteral and kidney development even in the absence of UTI 
and associated inflammatory reaction in the kidney [18, 19].  
 A familial clustering of VUR has been described with a 
prevalence of 27-51% in siblings of patients with VUR [20-
22] and a 66% rate of VUR in children whose parents had 
reflux [23]. 
 However VUR can resolve spontaneously, [24] therefore 
the exact prevalence in family members could be underesti-
mated. 
 The familial clustering of VUR has been shown to de-
pend on genetic transmission; however there is no agreement 
on the mode of inheritance. A range of inheritance patterns 
have been suggested, including autosomal dominant with 
incomplete penetrance [25, 26], autosomal recessive [27] X�

linked [28], and polygenic [29].  
 Ultimately, an understanding of the genetics of primary 
VUR remains elusive.  

2. EMBRYOLOGIC DEVELOPMENT OF LOWER 
URINARY TRACT 

 The development of the urinary tract normally begins 
with the formation of the ureteric bud (UB), which is an out-
growth of the mesonephric duct (Wolfian duct) [29, 30]. 

 Growth of the ureteric bud is stimulated by reciprocal 
signaling between the bud and the metanephrogenic mesen-
chyme, resulting in the formation of the ureter and branching 
to form the collecting ducts [31-33]. This process begins at 
around 4 weeks of gestation in human (10.5 embryonic days 
in mouse). 
 Furthermore, signaling between the bud and the mesen-
chyme stimulates the metanephrogenic mesenchyme to form 
the kidney [34, 35]. These developmental processes ulti-
mately leads to a functional kidney that starts to produce 
urine at about 10 weeks of gestation in human (about 16.5 
days in mouse). 
 At this time the trunk of the ureteric bud elongates with-
out branching to form the ureter, a muscular tube structure 
that allow the passage of urine from the kidney to the blad-
der [36]. The elongation of the ureter leads to the ascent of 
the kidney to its final anatomic position. The morphogenesis 
of the ureter requires a close interaction between the inner 
ureteral epithelial cells and the surrounding ureteral mesen-
chymal cells. 
 The part of the mesonephric duct between newly devel-
oped ureter and urogenital sinus is subsequently removed by 
apoptosis, [37] where, upon the free end of the developing 
ureter, inserts into the bladder wall and the vesicoureteric 
valve is formed. [32, 38, 39]. 
 VUR is caused by the disruption of a proper valvular 
mechanism at the vesicoureteric junction, which leads to 
retrograde flow of urine into the ureter or kidney. This is the 
result of a shortened intravesical ureter, an enlarged or mal-
positioned ureteric orifice.  
 It has been shown that abnormalities during embryogene-
sis, especially a caudally shifted ureteric bud, predispose to 
ureteric reflux in animal models [40-42].  
 The key point of this process is the precise position at 
which the ureteric bud grows out from the mesonephric duct. 
A range of abnormalities of the kidneys and urinary tract can 
result from aberrant or multiple budding [30]. Many genes 
are involved in ureteric budding and subsequent urinary tract 
and kidney development. Several of these genes could be 
responsible for isolated VUR, although the precise mutations 
might differ from those that cause other anomalies. 
 The morphogenesis of the ureter also requires a close 
interaction between the inner ureteral epithelial cells and the 
surrounding ureteral mesenchymal cells. The early simple 
cuboidal ureteral epithelial cells differentiate into the multi-
layered urothelium, in response to the molecular signals 
from the ureteral epithelial and mesenchymal cells. The 
urothelium is covered by urothelial plaques, that express 
uroplakin proteins on their surface, and it is impermeable to 
the caustic effect of urine [43]. In fact, at around 10 weeks in 
human (16.5 days in mouse), this process coincides with the 
beginning of urine production by the embryonic kidney.  
 Meanwhile, the mesenchymal cells differentiate into the 
stromal cells, smooth muscle cells, and adventitial fibro-
blasts (also called serosa after maturation). Differentiated 
smooth muscle cells are further organized into layers with 
inner circular and outer longitudinal orientation, and are 
characterized with strong expression of �-smooth muscle 



72 Current Genomics, 2016, Vol. 17, No. 1 Nino et al.

actin [44, 45] The ureter smooth muscle differentiation pro-
ceed from the distal ureter close to the bladder creating the 
ureterovesical junction (UVJ) to the proximal ureter that is 
next to the intrarenal collecting system, creating the uretero-
pelvic junction (UPJ) [44]. This developmental process is in 
the opposite direction of the propagation of ureteral peristal-
tic waves that transport urine from the kidney to the bladder. 
It initiates in the renal pelvis and then propagates rhythmi-
cally, through the ureter wall, to the bladder. Pacemaker cells 
are located between the calyces region and the UPJ and trig-
ger this contractile activity, producing regular pulsatile elec-
trical signals transmitted along the electrically active smooth 
muscle cells in the ureter [46]. 
 The bladder and urethra arise from the endodermal uro-
genital sinus after the urorectal septum partitions of the em-
bryonic cloaca into the ventral urogenital sinus and the dor-
sal rectum [46]. At around 5 weeks of human gestation (11–
12 days in mouse), the urogenital sinus is further separated 
into the anterior vesico-urethral canal and the posterior uro-
genital sinus. The anterior portion of the urogenital sinus 
(anterior vesicourethral canal) becomes the bladder, con-
nected to the allantois during early fetal life, through an open 
outflow tract at its apex called urachus. This outflow tract is 
only functional at the early embryonic stage to drain the de-
veloping bladder to the allantois, through the umbilical cord. 
By 15 weeks of human gestation, the bladder separates from 
the umbilicus as the allantois regresses and the residual 
urachal is further stretched to become the median umbilical 
ligament. In the meantime, the posterior vesicourethral canal 
becomes the pelvic portion of urethra in the male (which can 
be further divided into three segments: pre-prostatic, 
prostatic, and membranous urethra) and the entire urethra in 
the female. The posterior portion of the urogenital sinus later 
develops into the phallic urethra (also called spongy or 
penile urethra) in the male and the lower portion of the va-
gina and vaginal vestibule with perineal urethra orifice in the 
female [47]. 
 At 4.5 weeks of gestation in human (12.5 days in mouse), 
the posterior part of the Wolffian duct, distal to the ureteric 
budding site (common nephric duct - CND), shortens, ex-
pands and integrates into the urogenital sinus, close to the 
region where the future bladder neck is located [48, 49]. This 
leads the ureteric budding site and anterior portion of the 
Wolffian duct [39]. It has been shown that this is a vitamin-
A dependent developmental process involving apoptosis of 
the common nephric duct. This results in the transposition of 
the ureteric budding site from the Wolffian duct to the uro-
genital sinus epithelium to allow the formation of the uret-
eral orifice [50]. 
 After its integration into the future bladder neck region in 
the urogenital sinus, the CND expands and moves the uret-
eric orifice anteriorly and separates it from the Wolffian 
duct.  
 Subsequent developmental processes of CND apoptosis 
and expansion of the bladder body displace the ureteric ori-
fices in their final positions in the bladder wall [51] Together 
with the internal urethral orifice, they form the trigone of the 
bladder. 
 At the time that the early bladder is still part of the uro-
genital sinus, its lumen is covered by bilayered cuboidal 

cells, rich in glycogen, surrounded by loose undifferentiated 
mesenchymal cells [52]. The epithelial-mesenchymal inter-
action is critical for proper bladder development. At about 12 
weeks of gestation in human (13.5 days in mouse), bladder 
mesenchymal cells start to differentiate into smooth muscle 
cells [52]. At 21 weeks the human fetal bladder has three to 
five layers of urothelial cells similar to the fully differenti-
ated urothelium, and a well-developed smooth muscle coat 
consisting of three layers of longitudinal and circular smooth 
muscles (detrusor) [52]. 
 The function of the human bladder is to store and empty 
urine. The bladder compliance increases during development 
as the thickness of the bladder muscle wall increases while 
the amount of collagen content decreases [53]. The molecu-
lar basis of bladder compliance formation and development 
is largely unknown. 
 The urinary continence mechanism is guaranteed, in both 
male and female, by a combination of muscles from the 
bladder detrusor, trigone, and urethral sphincter complex. 
The urethral sphincter complex derive from the sphincter 
urethrae primordium, an embryonic structure of mesenchy-
mal condensation that can be identified in the urogenital si-
nus at 9 weeks of gestation in human after the division of the 
cloaca [54]. At about 13–15 weeks of gestation, the “sphinc-
ter urethrae primordium”� starts to differentiate into two 
components of urethral sphincter complex that include the 
inner smooth muscle fibers (lissosphincter) and the outer 
striated muscle fibers (rhabdosphincter) [54]. After 20 weeks 
of gestation, both lissosphincter and rhabdosphincter develop 
into an omega-shaped muscle coat surrounding the urethra 
with a narrow posterior connective tissue raphe that attaches 
to the lateral wall of the prostate in the male and the vagina 
in the female [54]. The smooth muscle lissosphincter also 
intermixes with the bladder detrusor and is abundant only in 
the proximal two thirds of the urethra below the bladder 
neck, whereas the striated muscle rhabdosphincter is located 
in the distal two thirds of the pelvic urethra [54] The urethral 
sphincter muscles are innervated by both autonomic nerves 
(pelvic plexus: regulates the proximal part of the urethra) and 
somatic nerves (pudendal nerves: control the contraction of 
the distal part of the urethra) [55, 56]. 
 As the bladder muscle mature, it shape a muscle coat 
around the ureteric orifices in the trigone and functions as an 
“ureterovesical sphincter”� that contracts in response to blad-
der contraction during voiding and subsequently relaxes fol-
lowing the closure of the external urethral sphincter complex 
during bladder filling [57]. 
 The contraction of the muscle coat around the ureteric 
orifices in the trigone acts as an “active”� ostial-valve anti-
reflux mechanism to prevent the retrograde urine flow from 
the bladder back to the ureter and kidney (vesicoureteral 
reflux) [58, 59]. 
 When the ureteric orifice establishes its final position in 
the bladder trigone, it permits the ureter to enter the bladder 
muscle laterally in an oblique direction and proceed between 
the bladder mucosa and detrusor muscle to form an intrave-
sical tunnel structure at the UVJ. The intravesical portion of 
the ureter collapses during bladder voiding and creates a 
second anti-reflux mechanism also called the “passive”�flap-
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valve mechanism [60]. The active and passive anti-reflux 
mechanisms works together as a one-way valve allowing 
ejection of the bolus of urine from the ureter into bladder 
lumen when its pressure is low during bladder filling, and 
preventing retrograde flow of urine back to the ureter and 
kidney when the bladder pressure is high during micturition 
[57]. 

3. GENETIC BASIS OF VESICOURETERAL REFLUX

 Many genes and signaling pathways have been identified 
to play important roles in early ureteric budding and subse-
quent ureter development. In the development of the lower 
urinary tract, many common molecular signaling pathways 
important in other organ systems play a pivotal role [61]. 
These include: receptor tyrosine kinase (RTK) (genes Gdnf, 
Ret) [62]; Wnt (genes: Ctnnb1, Wnt7b, Wnt9b, Fzd1) [63]; 
Hedgehog (genes Shh. Gli3, Smo, Tshz3) [64]; TGF-�
(genes: Bmp4, Smad4) [65]; retinoic acid mediated nuclear 
receptor (genes Rara, Rarb) [50, 66]; renin-angiotensin sys-
tem(genes: Agt, Ren, Agtr1, Agtr2) [67, 68]. 
 These signaling pathways are fundamental for the normal 
development of the lower urinary tract, but it has been dem-
onstrated that they are modified by lower urinary tract dis-
eases. such as UTIs that could influence the activity of these 
signaling pathways [69, 70].  
 We will focus our attention on these molecular signaling 
pathways, linking them to the phenotype of patients and/or 
mice with vesicoureteric reflux, when these pathways are 
disrupted. 
 Many animal model studies gave new knowledge regard-
ing genes and signaling pathways involved in lower urinary 
tract development and congenital anomalies.  
 The best animal model in the field is the mouse because 
of high similarities between the human and mouse genomes. 
In addition genetic engineering technologies and large acces-
sible mutant mouse resources provide excellent research 
tools to characterize the effects of human mutations in vivo.
 VUR can be caused by a variety of birth defects affecting 
the lower urinary tract development. These could interest 
defects in ureteric budding, ureter differentiation and elonga-
tion, peristalsis, UVJ formation, and bladder and urethra 
development. The location of the ureteric orifice (UVJ) 
seems to be located laterally and more cephalad in the blad-
der in patients with primary VUR [50, 71]. The lateral ecto-
pia of the ureteric orifice may be related to abnormal devel-
opment of the embryonic ureteric bud, which is also called 
Machie and Stephens hypothesis or “bud theory” [40]. This 
is caused by a shortening of the submucosal ureteric segment 
and a weakening of the flap-valve anti-reflux mechanism. 
The degree of reflux may correlate with the degree of uret-
eric orifice laterality and inversely with the length of the 
intravesical submucosal ureter [72]. 
 The “bud theory” developed by Machie and Stephens 
[40] proposes that the ureteral orifice derives from the origi-
nal ureteric budding site on the Wolffian duct during embry-
onic development. When the ureteric buds arise at abnormal 
sites of the Wolffian duct, such as multiple ureteric buds, the 
final sites of the ureteral orifices may also be abnormal, re-
sulting in defective ureterovesical junctions, VUR or UVJ 

obstruction. They suggest that the final sites of the ureteral 
orifices in the bladder are determined by the insertion of the 
common nephric duct into the bladder and its expansion to 
form the trigone. However, Batourina et al. showed that the 
common nephric duct does not differentiate into the trigone 
but instead undergoes apoptosis. Subsequent expansion of 
the bladder repositions the ureteral orifices to their final po-
sitions in the bladder trigone [35]. Moreover formation of 
multiple ureteric buds may also lead to short duplex ureters, 
duplex kidneys, ectopic and dysplastic kidneys [35, 73-75].  
 Therefore, mutations of genes controlling early ureteric 
buds formation and positioning can cause urinary obstruc-
tion, VUR and hydronephrosis during fetal life and after 
birth in both human and mouse [75-77]. 
 Many syndromes have VUR as one of the phenotypes. 
Although for some of them the underlying genes have been 
identified, the genetic basis of primary nonsyndromic VUR 
remains ill-defined [78]. 
 Family studies show familial clustering of reflux and 
imply a genetic origin for primary VUR. About 45–50% 
percent of children with primary VUR are from families 
where at least one additional family member is affected [79] 
The disease often occurs in two or more generations with up 
to a 65% transmission rate from parents to children [80] and 
34–45% of an affected patient’s siblings will have reflux 
[81]. Kaefer et al. has showed that 80% of identical twins 
and 35% of fraternal twins develop primary VUR [79] These 
data strongly support a genetic basis for primary VUR and 
are consistent with an autosomal dominant mode of inheri-
tance, albeit with incomplete penetrance [80]. 
 Chapman et al. has concluded, through a segregation 
analysis, that primary VUR is caused by a major dominantly 
inherited allele [82]. Mutations in PAX2 on chromosome 
10q cause the coloboma-ureteric-renal syndrome (Papil-
lorenal syndrome), in which VUR is part of the phenotype 
[83] Mutations in PAX2 has been proven to be involved in 
the pathogenesis of VUR but not in the in the development 
of other phenotype of CAKUT [84].  
 Mutations in several other genes have also been identi-
fied associated with primary VUR. These include ROBO2 
[85, 86] SOX17 [87], UPK3A139, and RET [88]. All these 
VUR genes have been excluded as major players in primary 
nonsyndromic VUR [84, 89, 90]. 
 ROBO2 is a member of the immunoglobulin superfamily 
and encodes a cell adhesion molecule that regulate the out-
growth of the ureteric bud, which is the first step in the de-
velopment of the metanephric urinary system [91] and its 
mutations have been identified in patients with VUR from 
several unrelated families [86]. It is a receptor for the Slit2 
ligand and the Slit2-Robo2 signaling acts as a chemorepul-
sive guidance cue to control axon pathfinding and neuron 
migration during nervous system development. Slit2-Robo2 
signaling seems to play crucial roles in early ureteric buds 
outgrowth and positioning. It has been shown that a lacking 
of Slit2 or ROBO2 in mouse knockouts cause the develop of 
supernumerary ureteric buds, duplex kidney and hydroureter 
phenotype [73]. Robo2 is critical for the formation of normal 
ureteral orifices and for the maintenance of both active and 
passive anti-reflux mechanisms [76]. Robo2 signaling has 
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also been shown to act as a negative regulator on nephrin to 
influence podocyte foot process architecture in kidney 
glomeruli [92]. Dobson et al. demonstrate that heterozygous 
non-synonymous ROBO2 mutations are not sufficient to 
cause familial vesicoureteric reflux, but could be responsible 
for VUR in combination with a mutation in another gene 
[93]. 
 Gdnf encodes a highly conserved secreted protein in the 
metanephric mesenchyme and induces the ureteral bud out-
growth, during early kidney and ureter development [62], 
through the receptor tyrosine kinase (RTK) signaling path-
way. Its action is mediated by its receptor Ret. 
 Loss of Gdnf in mice causes absence of ureteric buds 
formation and renal agenesis [94]. Therefore, mutations in 
genes associated with the Gdnf/Ret pathway, like Spry1, 
Gata3, Bmp4, Slit2/Robo2, Foxc1/2, Pax2, Eya1/Six1, and 
Sall1 cause abnormal ureteric budding phenotypes in mice 
[95-97]. 
 Mutations in RET have been identified in patients with 
VUR, ureteral obstruction, megaureter, duplex kidney, renal 
abnormalities, as well as Hirschsprung's disease [98-100]. 
Hirschsprung’s disease and related disorders have been re-
ported to be associated with congenital anomalies of the kid-
ney and urinary tract (CAKUT), including VUR. Non syn-
dromic Hirschsprung’s disease is mainly associated with 
mutations of the RET proto-oncogene, which encodes the 
protein receptor tyrosine kinase for GDNF and is located on 
chromosome 10q [101]. However, a study of 21 patients 
with Hirschsprung disease and CAKUT investigated by Pini-
Prato et al. found a mutation in RET in only one patient [98]. 
 Yang et al. have observed a significant association be-
tween primary VUR and a G691S polymorphism 
(rs1799939) in the RET gene [102]. Yu et al. showed that an 
overexpression of Ret in mice also causes VUR phenotype 
[103]. 
 BMP4 might have an essential role in nephrogenesis. Dos 
Reis et al. didn’t find correlation between the mutation of 
BMP4 and VUR. However they found a significant associa-
tion with other renal disease as multicystic kidney and UPJO 
[104]. 
 Moreover genetic studies of syndromes with associated 
VUR have revealed several possible candidate genes in-
volved in the pathogenesis of VUR and related urinary tract 
malformations (Table 1).  
 Hypoparathyroidism, sensorineural Deafness, and 
Renal disease (HDR) have been proven to be connected 
with a mutations in GATA3 in human, and includes renal 
dysplasia, unilateral kidney agenesis and VUR phenotypes 
[105]. The loss of Gata3 leads to ectopic ureteric budding, 
duplex kidney, hydroureter, as well as vas deferens hyper-
plasia and uterine agenesis [95]. Gata3 is a transcription fac-
tor of the GATA family that is expressed in the ureteric 
buds. It is regulated by the Pax2 and Pax8 genes and regulate 
the Wolffian duct morphogenesis [106]. The majority of 
cases of HDR syndrome have been mapped to chromosome 
10p, particularly mutations of the GATA3 gene, which en-
codes the trans-acting T- cell-specific transcription factor 
GATA-3 protein, and is found at this locus. Up to date the 
only data regarding HDR syndrome are case reports, so the 

exact incidence of VUR in HDR syndrome remains un-
known. 

Table 1. Main Single Gene Mutation associated with Vesi-
coureteral reflux. 

Gene Phenotype References 

GATA3
Hypoparathyroidism, Sensorineural Deaf-

ness and Renal disease 
[95, 105, 106]

SALL1 Townes-Brocks Syndrome [107] 

Eya1 Branchio-Oto Renal Syndrome [54, 108] 

Kal1 Kallman Syndrome [114] 

PAX2 Renal Colobona syndrome [117, 118] 

HOXA13 Hand-Foot-genital syndrome [118] 

NIPBL de Lange syndrome [119, 120] 

Fig. (1). Embryogenesis of vesicoureteral reflux (VUR) (Modified 
from: Domini 1998). A; B: Normal development C; D: Abnormal 
development of vesicoureteral junction leading to VUR.

 Townes-Brocks Syndrome (TBS) is a rare complex of 
malformations, mainly characterized by the triad of imperfo-
rate anus, dysplastic ears and thumb malformations. About 
30% of patients present renal impairment, including VUR 
and end-stage renal disease [107]. This syndrome has been 
associated with mutations in SALL1, that is a positive regu-
lator of GDNF signaling for ureteric bud formation, ex-
pressed in the MM that enhances the canonical Wnt signal-
ing pathway, [107]. SALL1is the only gene which mutation 
has been found in association with TBS, and can be identi-
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fied in about 70% of patients with TBS. Approximately 50% 
of TBS cases are due to de novo mutations [107]. Homozy-
gous deletion of Sall1 in mice results in apoptosis of the 
mesenchyme and renal agenesis but normal blind-ended 
ureter. 
 Branchio-oto-renal Syndrome (BOR) is characterized 
by malformations of the outer, middle and inner ear which 
are associated with conductive, sensorineural, or mixed hear-
ing impairment, branchial fistulae and cysts, as well as renal 
malformations. About 5% of patients with the disorder have 
VURIt is caused by a mutations in EYA1 (the human ho-
molog of the Drosophila eyes absent gene). BOR syndrome 
is inherited in an autosomal dominant manner [108] and mu-
tations or deletions of the gene EYA1 have been identified in 
about 40% of affected patients. Furthermore, BOR-
associated mutations of the homeodomain-containing tran-
scription factor SIX5 have been described [54]. 
 Deletions of uroplakins (Upk3a and Upk2) in the urothe-
lium in mice cause loss of superficial umbrella cell layer, 
overgrowth of the urothelium, urothelial leakage, which lead 
to hydronephrosis and VUR [43]. Mutations in UPK3A have 
been found also in patients with VUR, dysplastic kidney and 
hydronephrosis [109]. The uroplakins strengthen the mem-
brane during bladder filling and emptying, preventing bacte-
rial adherence. They also contribute to the permeability bar-
rier function of the urinary tract [110]. By forming plaques, 
they strengthen the membrane during bladder filling and 
emptying, preventing the urothelium from rupturing [111] 
UPK3A is the only uroplakin with a cytoplasmic domain and 
Upk3 deletion has been shown to disrupt UPK1B matura-
tion, so that the UPK1A/UPK2 pair can only form abnor-
mally small patches of urothelial plaques, leading to incom-
petent function of the urothelium and urine leakage [112]. 
Kelly et al. reported that there is not evidence of linkage or 
association of markers at the UPK3 locus to VUR [113]. 
 Kallmann syndrome is an hypogonadotrophic hypogo-
nadism, characterized by the association of anosmia and iso-
lated gonadotropin-releasing hormone (GnRH) deficiency. It 
inheritance has been found as autosomal dominant, autoso-
mal recessive or X-linked. The KAL1 gene, located on the 
human X-chromosome, is mutated in about 10% of patients 
with Kallman syndrome [114] and encodes the protein 
anosmin-1 (an extracellular- matrix-associated glycoprotein). 
The frequency of de novo mutations is unknown. Reports 
suggest that the X-linked recessive form of the disorder is 
linked with VUR, duplex ureters, duplex kidneys and renal 
agenesis [114]. FGFR1, PROKR2, PROK2, CHD7 and 
FGF8 are also associated with Kallman syndrome and, to-
gether with KAL1, account for about 25–35% of cases [110]. 
The exact incidence of VUR in Kallman syndrome is un-
known. 
 VACTERL syndrome is an association of vertebral, 
anal, tracheoesophageal, renal and limb defects when at least 
three organ systems are involved. VUR has been reported in 
about 40% of patients with VACTERL [115] Deletions of 
the distal 13q chromosome have been described in more than 
140 patients with the VACTERL association phenotype 
[116]. Furthermore, other syndromes caused single gene 
mutations display VACTERL related malformation patterns 
including renal malformations. Such syndromes include 

Feingold syndrome (also known as oculodigitoe-
sophagoduodenal syndrome), which is caused by mutations 
in N-MYC, CHARGE syndrome (CHD7), anophthalmia-
esophageal-genital syndrome (SOX2), Pallister–Hall syn-
drome (GLI3), and VACTERL hydrocephalus (FANCB), 
which is the only X-linked syndrome. Microdeletion within 
the FOX transcription factor gene cluster at 16q24.1 
(FOXF1, MTHFSD, FOXC2 and FOXL1) has been de-
scribed in patients with VACTERL-related malformations. 
 Renal coloboma syndrome (RCS) is characterized by 
hypodysplastic kidneys and optic nerve abnormalities [117]. 
VUR has been reported in 26% of patients with RCS [32]. 
To date, PAX2, the gene encoding the transcription factor 
PAX2 (10q24.31), is the only gene known to be associated 
with RCS. Studies have reported that 50% of individuals 
with RCS have mutations in PAX2 [117], and three genomic 
rearrangements of PAX2 have been shown to be linked with 
RC [118]. 
 Hand–foot–genital syndrome (HFGS) is characterized 
by limb malformations and urogenital defects such as VUR. 
It is inherited in an autosomal dominant manner [118] Muta-
tions in the HOXA13 gene are responsible for the develop-
ment of HFGS. It encodes the transcription factor homeobox 
protein HOXA13, [118]. The exact incidence of VUR in the 
syndrome remains unknown because the only data regarding 
HFGS are case reports. 
 de Lange syndrome is characterized by distinctive facial 
features, growth retardation, hirsutism, and upper limb re-
duction defects [119] VUR has been reported in 12% of pa-
tients with the disorder [120]. The majority of affected pa-
tients have de novo mutations, although de Lange syndrome 
is inherited in an autosomal dominant or X-linked manner, 
[119]. The exact mechanisms by which NIPBL contributes 
to VUR is not known. 
 Urofacial syndrome (USF, or Ochoa syndrome) is a 
rare autosomal recessive disorder characterized by a severe 
and early-onset urinary voiding dysfunction, bowel dysfunc-
tion, and a unique inverted facial grimacing expression when 
patients attempt to smile [121] USF patients often have neu-
rogenic bladder like symptoms such as urinary incontinence, 
bladder-sphincter dysfunction, UTI, constipation or encopre-
sis. If USF is not diagnosed and treated early, the disease 
often impairs urine flow causing severe VUR, recurrent UTI, 
kidney damage, hypertension, and renal failure [121]. 
 Prune Belly Syndrome (PBS) is a rare birth defect af-
fecting about 3.8 per 100,000 live male births [122]. It is 
characterized by three major defects: hypoplastic or absent 
abdominal wall musculature, moderate to severe urinary tract 
dilatation and bilateral undescended testes in males [123]. 
PBS is an extremely morbid condition, infact about 30% of 
the patients die during the initial hospitalization and about 
50% have degrees of urinary pathology during their lifetime, 
including renal failure in 67% [123]. The Abdominal wall 
weakness increases susceptibility to pulmonary infection, 
decreases physical mobility and causes psychological con-
cerns due to poor cosmesis, that include a partial or complete 
lack of abdominal muscle with a dry prune like wrinkly skin 
appearance of the abdomen (so-called prune belly), urinary 
tract dilatation such as distended thin-walled bladder with 
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disorganized detrusor muscle, vesicoureteral reflux, bilateral 
hydroureter and hydronephrosis, and cryptorchidism [112].  
 Homozygous loss-of-function mutation of muscarinic 
acetylcholine receptor M3 (CHRM3) (1q41-q44) seems to be 
interested in the genesis of PBS [124]. CHRM3 is expressed 
in bladder urothelial and detrusor muscle cells.Matsui et al.
showed that Chrm3 play a key role in bladder detrusor con-
tractions and Chrm3 knockout mice develop distended blad-
der with thin bladder smooth muscle layer that resembles the 
bladder phenotype in PBS patients [125].  
 Also a deletions within 17q12 that include hepatocyte 
nuclear factor 1B (HNF1B) have been reported as possible 
alteration in PBS, and it as been showed in sporadic cases 
[126], but nowadays is not clear if HNF1B or a disrupted 
gene is causative, and HNF1B mutations have not yet been 
implicated in familial PBS. 

4. CONCLUSION 

 The genetic basis of VUR is still unclear. In fact a spe-
cific causative gene has not been identified. Many genes 
have been studied, but each of them has been identified only 
in a small percentage of patients with VUR, also in patients 
suffering from syndromes in which the VUR is present as a 
pathological phenotype. Further studies are needed to clarify 
the appropriate link between the genetic alterations and the 
development of VUR in certain groups of patients. A better 
understanding of the genetic bases of VUR could improve 
the management of this condition in children. 
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