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Abstract: The Urofacial (Ochoa) Syndrome (UFS) is a rare autosomal recessive disorder and over 100 patients 
have been reported thus far. UFS is characterized by the abnormal facial expression and dysfunctional voiding. 
The patients show a peculiar distortion of the facial expression (grimacing as if in pain or sadness when they tried 
to smile or laugh) along with urinary tract infection, enuresis, vesicoureteral reflux and hydronephrosis without any 
underlying neurological lesion and previous urinary obstruction. Some patients are also noted with nocturnal lag-
ophthalmos. Until 2010, HPSE2, the gene encodes Heparanse 2 on chromosome 10, was thought to be the only 
culprit gene for this syndrome. However, another criminal gene, LRIG2, which encodes leucine-rich repeats and im-
munoglobulin-like domains 2, was also come into the light in 2012. Studies for dissecting the biological functions of 
HPSE2 and LRIG2 in urinary abnormalities are ongoing. In this minireview, we will update the discovery of novel clini-
cal manifestations relevant to this syndrome and discuss with focus for the impact of HPSE2 on voiding dysfunction.
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Introduction 

In the early 1960s, Dr. Bernardo Ochoa fol-
lowed a group of children manifested with uri-
nary abnormalities (dysuria or incontinence, 
frequency, urgency, or enuresis) but without 
obvious neurological or obstructive lesions, in 
an isolated mountain area of Colombia, South 
America [1]. The patients usually had a history 
of recurrent urinary tract infections, frequent 
urination, dysuresia, enuresis, constipation, 
and vesicoureteral reflux. In addition, these 
children displayed a particular “inverted” facial 
expression when they tried to smile or laugh. 
Description of this disease was not included in 
the medical literature at that time, which 
attracted many researchers for conduction of 
studies to figure out how facial expression links 

to voiding dysfunction. In 1979, “Ochoa syn-
drome” was firstly proposed by Dr. Rafael 
Elejalde based on genetic analysis of three 
unrelated families [2], and the disease was next 
characterized with autosomal recessive inheri-
tance [3]. Given that patients with similar clini-
cal manifestations were noted in other areas, 
the disease was later officially named as 
Urofacial Syndrome (UFS). Ten years later, the 
causative gene was localized to chromosome 
10 in a region of 10q23-q24 by homozygosity 
mapping [4]. The disease gene was finally char-
acterized in 2010 as HPSE2, a gene encodes 
Heparanse 2 [5]. However, another culprit gene 
named LRIG2 was also identified two years 
later [6]. The functional relevance of the above 
defective genes in dysfunctional voiding is yet 
to be elucidated. This minireview intends to 



Genetic factors for UFS

1843 Int J Clin Exp Pathol 2014;7(5):1842-1848

update the clinical manifestations of this syn-
drome and discuss with focus for the impact of 
HPSE2 on voiding dysfunction.

Abnormal facial expression

Distorted facial expression is the major charac-
teristics noted in UFS patients other than the 
dysfunctional voiding. Facial expression is not 
only an indication of a person’s mental state, 
but also an indication of illness [7]. In 1946, 
Edith Potter initially described the relationship 
between congenital flat ear and renal hypopla-
sia [8]. Since then, many studies have noted a 
significant association between malformations 
of the face and renal anomalies. Wang reported 
that 29% of patients with ear anomalies also 
displayed renal anomalies [9], and facial struc-
tural defects were also noted in other congeni-
tal diseases such as CHARGE association [10], 
Townes-Brocks syndrome [11], and OAVS 
(Goldenhar syndrome) [12]. Nevertheless, the 
distorted facial expression in UFS patients is 
not caused by the facial structural defects; 
rather these patients are likely manifested as a 
dysfunctional expression. 

It is worthy of note, facial expression is distinct 
from facial identity. Facial identity is reflected 
by the basic characteristics of face at rest, 
including the position and configuration of fore-
head, nose, chin, mouth and ears, as well as 
the visual image of the facial expressions. In 
contrast, facial expression refers to the slight 
face changes of emotions and feelings in com-
munication with the outside world. The facial 
identity of patients with UFS is similar to normal 
individuals, whereas their facial expression is 
very different from others, in which they display 
a grimacing face when they smile as if express-
ing sadness or discomfort instead of joy and 
happiness seen in a normal individual. However, 
when they are sad or uncomfortable their facial 
expression looks normal. Therefore, the facial 
alterations in UFS patients constitute a real 
dysfunctional facial expression, probably 
caused by the defective coordination between 
facial muscles. Of importantly note, Cranial 
magnetic resonance imaging (MRI) analysis of 
UFS patients revealed negative for lesions in 
the brain, and MRI demonstrated a normal 
spine and conus medularis in the patients as 
well, which demonstrate a non-neurological ori-
gin for the disease pathogenesis [10, 13]. 

Urinary abnormalities 

Dysfunctional voiding refers to an abnormality 
in either the storage or emptying phase of mic-
turition. Repeated episodes of urinary tract 
infection, dysuria or incontinence, frequency, 
urgency, or enuresis relevant to dysfunctional 
voiding are the life-threatening components for 
the UFS patients. Due to high pressure in the 
bladder, the patients usually manifest vesico-
ureteral reflux along with hydronephrosis, and 
the patients would die from renal failure with-
out appropriate treatment. Thickening and tra-
beculation of the bladder wall are also noted in 
UFS patients diagnosed by voiding cystoure-
thrography [4]. Of important, urodynamic exam-
ination reveals a poor coordination of 
the sphincter and the detrusor as well as a high 
postvoid residual urine volume without precur-
sor lesion of nerve or obstructive urinary tract 
abnormalities. In addition, almost two-thirds of 
UFS patients manifest constipation and 33% 
have encopresis [1]. Later-diagnosed patients 
generally exhibit more severe renal impairment, 
while some early-diagnosed patients can also 
develop a serious deterioration in renal func-
tion [14]. 

Detrusor overactivity is the most common void-
ing disorder in children [15], which is also 
known as overactive syndrome, urge syndrome, 
hyperactive bladder syndrome, persistent 
infantile bladder and detrusor hypertonia. 
Hinman syndrome represents a rare extreme 
form of dysfunctional voiding [16-19]. It is also 
known as non-neurogenic neurogenic bladder, 
occurs when there is a habitual and voluntary 
tightening of the external sphincter during an 
overactive detrusor contraction resulting in a 
learned failure to relax the external sphincter 
during voluntary voiding [20]. Based on the defi-
nitions provided by the International Children’s 
Continence Society [21], dysfunctional voiding 
can be categorized into neuropathic or nonneu-
ropathic voiding disorders. Neuropathic voiding 
is associated with neurologic conditions. The 
most common cause of neurogenic bladder 
dysfunction in children is neurospinal dysra-
phism, primarily an open back lesion, but an 
occult or closed dysraphic state is being diag-
nosed with more frequency as neonatal spinal 
ultrasound, and MRI are used with increasing 
regularity to visualize any lower midline spinal 
cutaneous or gluteal cleft malformation. Other 
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causes of neurogenic dysfunction involving the 
spine include spina bifida, transverse myelitis, 
sacral agenesis, tethered spinal cord associat-
ed with imperforate anus, cloacal malforma-
tions or spinal cord trauma. Central nervous 
system abnormalities include spastic diplegia 
(cerebral palsy) and learning disabilities such 
as attention deficit hyperactivity disorder or 
attention deficit disorder [22]. In contrast, non-
neuropathic voiding encompasses functional 
problems as manifested by the absence of 
apparent neurological or obstructive abnormal-
ities. Given that UFS patients manifested a 
severe lack of synergic action between urinary 
detrusor and sphincter during micturition with 
significant residual urine after voiding [13], but 
negative for lesions in the brain with manifesta-
tions of a normal spine and conus medularis, 
UFS is probably developed due to the defective 
neuronal signaling in the peripheral muscles, 
rather than caused by the defective develop-
ment of the micturation center located in the 
rostral pons in the brainstem [10, 13]. 

Nocturnal lagophthalmos

More recently, Mermerkaya and colleagues 
reported 15 UFS patients from Turkey. Interes- 
tingly, they noted eye symptoms in 12 out of 15 
UFS patients [23]. Those 12 UFS children with 
manifestation of lagophthalmos were either 
noted by their parents or by doctors during the 
course of medical treatments. Typical symp-
toms relevant to lagophthalmos include pain, 
dryness, foreign body sensation and tearing. 
However, among 12 patients with lagophthal-
mos, 6 was normal by ocular exam, while cor-
neal staining and punctate keratopathy were 
characterized in the rest 6 patients [23]. 

Lagophthalmos is defined as a condition in 
which the eyelids do not close to cover the eye 
completely. Proper eyelid closure and a normal 
blink reflex are necessary for the maintenance 
of a stable tear film along with a healthy corneal 
surface. The facial frontalis muscle on both 
sides is innervated by the seventh cranial 
nerve, which raises the eyebrow [24]. On the 
other hand, the orbicularis oculi muscle is a 
sphincter muscle around the eye, and is in gen-
eral responsible for narrowing the eye opening 
and closing the orbit of the eye [25]. This mus-
cle plays an essential role in protecting and 
moistening the eye as well as in expressive dis-
plays. Unlike the facial frontalis muscle, the 

orbicularis oculi is innervated by both zygomat-
ic and the seventh cranial nerve. Defective sig-
naling for the facial nerve results in the inhibi-
tion of eyelid closure as well as the failure of the 
blink reflex and lacrimal pumping mechanism. 
Given that UFS patients manifest dyssynergia 
between urinary detrusor and sphincter, lag-
ophthalmos is also probably caused by the 
defective coordination between the facial fron-
talis muscle and the orbicularis oculi muscle. 

Defective genes for UFS

Initially, UFS was considered as a local or 
regional phenomenon, related perhaps to the 
consanguineous marriages in the rural areas of 
Colombia, South America. However, subse-
quent report of patients from Middle East con-
fronted the initial assumption [7, 8]. Later on, 
patients with this syndrome have also been 
reported in different cities in Colombia [1], the 
United States [9], Spain [9, 10], France [9-11], 
South Arabia [7, 8] and Japan [26], as well as 
more recently Turkey [23]. We have also recruit-
ed patients from Germany, Brazil, the Ne- 
therlands, Ireland and Pakistan (unpublished 
data). The earliest genetic study of UFS was 
from seven patients in three unrelated families 
[2]. In 1987, more patients and their families 
were included in the study and the parents of 
affected children were found to be normal in all 
cases. Moreover, the corrected ratio (CR) 
obtained by the proband method clearly dem-
onstrated an autosomal recessive inheritance 
for the disorder. 

In collaboration with Dr. Bernardo Ochoa, we 
conducted our first genetic mapping by employ-
ing a combination of homozygosity-mapping 
and DNA-pooling strategies in 1997. We have 
interestingly noted that all patients were homo-
zygous for the two closely linked markers 
(D10S198 and D10S1726) on chromosome 10. 
In sharp contrast, only 12% of the unaffected 
relatives were homozygous for these two par-
ticular markers, which allowed us to localize the 
UFS gene to chromosome 10q23-10q24 [27]. 
Our subsequent fine mappings using high den-
sity of polymorphic markers and patients col-
lected from other countries further narrowed 
the disease gene to two overlapping BAC clones 
[5, 27]. Studies carried out by Chauve and col-
leagues confirmed our conclusion by analysis 
of a French family, the first European cases of 
UFS [28]. All of the above described studies 
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were in favor of the hypothesis of genetic homo-
geneity. In 2010, we and the UK research group 
reported the characterization of the defective 
gene as loss-of-function mutations in the 
HPSE2 gene [5, 29]. Different types of muta-
tions with loss-of-function were characterized 
in HPSE2 of patients originated from Colombia, 
the United States, Spain, and France, as well as 
those patients with Irish and Pakistan heritage. 
Interestingly, a follow up study of a Pakistani 
UFS family with three affected siblings further 
demonstrated that a missense mutation 
(N543I) in HPSE2 also predisposes the chil-
dren to the development of UFS [30], suggest-
ing that functional alterations (expression lev-
els or functional activity) in HPSE2 may also 
confer UFS susceptibility. Those data also sup-
port the notion that patients with UFS could be 
under diagnosed in the general population, par-
ticularly for those patients without typical dis-
torted facial expression.

Genetic heterogeneity

Unexpectedly, HPSE2 mutation could not be 
detected in some of the UFS patients, suggest-
ing the possibility of genetic heterogeneity. 
More recently, Stuart and colleagues conduct-
ed a whole-exon capture study followed by 
massively parallel sequencing, and by which 
they demonstrated that mutations in the LRIG2 
gene could also cause UFS [6]. Specifically, 
they analyzed 14 families affected by classical 
UFS, and identified nine (64.3%) with muta-
tions in HPSE2, three (21.4%) with mutations in 
LRIG2, and two (14.3%) with mutations in nei-
ther gene. For those three families with muta-
tions in LRIG2, they characterized a homozy-
gous single-base-pair deletion (c.1230delA) 
resulting in a frameshift in exon 10, a heterozy-
gous frameshift mutation (c.2088delC) in exon 
15 and a heterozygous insertion (c.19- 
80_1981ins371) in exon 14, and a homozy-
gous nonsense mutation (c.2125C>T) in exon 
15, respectively [6]. All of these mutations are 
associated with loss-of-function for the LRIG2 
gene. Follow up studies carried out by 
Mermerkaya and colleagues further confirmed 
genetic heterogeneity for some of the UFS 
patients as manifested by the mutations 
detected in LRIG2 [23]. The LRIG2 gene is local-
ized on chromosome 1p13, and is immunode-
tected within the nerve fascicles located 
between muscle bundles and in smooth-mus-
cle bundles themselves of bladder in the first 

trimester when detrusor muscle differentiates 
and innervation of autonomic nerves occurs 
[31], but how altered LRIG2 function leads to 
UFS is yet to be clarified.

HPSE2 in voiding disorders

The full-length HPSE2 gene encodes a 592aa 
protein containing a glycosyl hydrolase motif 
which is homologous to the heparanase 
1 (HPSE1) protein [32], an endoglycosidase 
that can promote the remodeling of the extra-
cellular matrix via cleaving heparan sulfate 
chains [33]. Therefore, it is presumed that 
HPSE2 may exert similar functions as that 
HPSE1 [34], but functional evidence supporting 
this assumption is lacking. Currently, the bio-
logical functions for HPSE2 and how alterations 
in HPSE2 function lead to UFS are completely 
unclear. 

Previously, we demonstrated that the HPSE2 
gene is highly expressed in the urinary detrusor 
and sphincter as well as facial muscle [5]. Daly 
and colleagues also reported HPSE2 expres-
sion both in the mature and nascent human 
brain and spinal cord [29]. However, Western 
blot analysis of mouse tissues revealed that 
HPSE2 is highly expressed in the urethral 
sphincter, anal sphincter, bladder and urinary 
tract, and high levels of HPSE2 are also detect-
ed in the uterus, blood vessels and facial mus-
cle, while HPSE2 is almost undetectable in the 
colon, stomach, intestine, skeletal muscle, 
brain and spinal cord (unpublished data). These 
results support the notion that HPSE2 may reg-
ulate neuronal signaling specifically in the 
peripheral muscles such as facial muscles, uri-
nary detrusor and sphincter. This assumption is 
further supported by the observations in some 
sporadic patients collected from Colombia, in 
which those patients experienced similar void-
ing disorders such as urinary tract infection, 
frequency, urgency and so on as UFS patients, 
but absent of abnormal facial expression, and 
this category of patients were characterized 
carrying a defective HPSE2 allele (UFS carriers) 
(unpublished data). Indeed, many parents of 
UFS patients or sibling carriers experienced 
dysfunctional voiding as that of UFS patients. 
These data further suggest that HPSE2 could 
contribute to UFS pathogenesis in a dose-
dependent manner, in which complete loss of 
HPSE2 function would develop severe dysfunc-
tional voiding along with distorted facial expres-
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sion (UFS), while reduced HPSE2 function 
would predispose to increased susceptibility 
for developing voiding disorders. 

Summary and perspectives 

In summary, UFS is an autosomal recessive dis-
order that shares many clinical features as 
other non-neurogenic voiding disorders other 
than the distorted facial expression. Genetic 
studies demonstrated that HPSE2 and LRIG2 
are the culprit genes responsible for the syn-
drome. Although the biological functions for 
HPSE2 and LRIG2 are yet to be elucidated, 
there is suggestive evidence that HPSE2 may 
contribute to the disease phenotype in a dose-
dependent manner, in which complete loss of 
HPSE2 function is likely associated with both 
facial (distorted facial expression and/or noc-
turnal lagophthalmos) and urinary abnormali-
ties, while reduced HPSE2 function could con-
fer higher risk for developing voiding disorders. 
In line with this notion, a missense mutation 
associated with altered HPSE2 function rather 
than the classical loss-of-function mutations 
was characterized in UFS patients, and UFS 
patients with voiding disorders but absent of 
abnormal facial expression or with distorted 
facial expression but absent of uropathology 
were also noted [23]. Based on these observa-
tions, the disease frequency for UFS in the gen-
eral population could be higher than what we 
estimated, and therefore, UFS could be 
underdiagnosed. 

Current available data suggest that altered 
HPSE2 function may impact the synergic action 
between urinary detrusor and sphincter or 
facial muscles, which may be related to the dys-
regulation of neuronal signaling in these periph-
eral muscles rather than defects occurred in 
the brain or urinary system during develop-
ment. Studies in adult animals with induction of 
HPSE2 deficiency would be necessary to dem-
onstrate this assumption. Dysfunctional void-
ing in children encompasses a wide spectrum 
of clinical entities, accounting for approximate-
ly 40% visits in the office of the pediatric urolo-
gists. It is estimated that 5 to 10% of school-
age children experience daytime wetting. This 
prevalence includes a range of urinary inconti-
nence from a few times per week to multiple 
episodes daily. Given that UFS patients share 
voiding features as those patients with dys-
functional voiding in the general population, it 

could be an excellent model for dissecting the 
underlying pathoetiology of voiding disorders 
such as frequency, urgency, enuresis, dysuria 
or incontinence. 
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