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Abstract
An apparently autosomal recessive syn-
drome of congenital renal tubular dyspla-
sia and skull ossification defects is
described in five infants from two sepa-
rate, consanguineous, Pakistani Muslim
kindreds. The clinical, pathological, and
radiological features are similar to the
phenotype associated with fetal exposure
to angiotensin converting enzyme (ACE)
inhibitors: intrauterine growth retarda-
tion, skull ossification defects, and fetal/
neonatal anuric renal failure associated
with renal tubular dysplasia. There was no
fetal exposure to ACE inhibitors in the
affected infants. Phenotypic similarities
between these familial cases and those
associated with ACE inhibition suggest an
abnormality of the "renin-angiotensin-
aldosterone" system (RAS). It is postu-
lated that the molecular pathology in this
uncommon autosomal recessive proximal
renal tubular dysgenesis could be related
to mutations of the gene systems govern-
ing the RAS.
(JMed Genet 1997;34:541-545)
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Figure 1 Pedigree offamily 1.

Figure 2 Skull radiograph ofIV.5,family 1: note poor
ossification and wide skull sutures.
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Several reports of primary renal tubular
dysplasia (RTD)' have been published since
the original description.2 Recurrence in sibs3
and parental consanguinity5 favour autosomal
recessive inheritance (MIM 267430).1 The
precise molecular mechanism leading to the
phenotype of RTD is not clear. The putative
gene(s) is yet to be mapped and cloned.

This report describes five infants from two
unrelated consanguineous Muslim families
presenting with multiple congenital anomalies
(MCA) including RTD. The purposes of this
report are to delineate further the phenotype of
autosomal recessive RTD and to draw atten-
tion to striking similarities with the teratogenic
effects of maternal administration of angio-
tensin converting enzyme (ACE) inhibitors
(for example, captopril, enalapril), which
include skull ossification defects and anuric
neonatal renal failure.6 7 The phenotype of
"fetal ACE inhibitors syndrome" is now
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Figure 3 Pedigree offamily 2.
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accepted.8 We believe that this is the first report
illustrating similarities between the phenotypes
associated with fetal ACE exposure and geneti-
cally determined RTD. We believe that the
molecular pathology of the RAS might be asso-

ciated with the distinct and recognisable
syndrome of primary renal tubular dysplasia
with skull ossification defects.

Case reports
FAMILY 1
A Pakistani Muslim woman (III.4, fig 1)
presented in her second pregnancy (IV.2) com-
plicated with oligohydramnios. Parental con-
sanguinity was noted at the time of antenatal
booking. The first pregnancy (IV. 1) had
miscarried spontaneously at around 12 weeks'
gestation. A female infant was delivered at term
who looked dysmorphic (abnormally shaped,
small head and joint contractures). A clinical
diagnosis of Potter syndrome was made, but
renal ultrasound scan showed that both
kidneys were of normal size, structure, and
echogenicity. She died within 24 hours of birth;
consent for necropsy was not given. The next
conception produced a healthy male infant
(IV.3).
The fourth pregnancy resulted in a live born

male infant (IV.4). Dysmorphic features no-
ticed at birth included Potter facies, abnor-
mally shaped, small head, and large joint
contractures. Skull x ray showed poor ossifica-
tion of the skull vault. The baby was anuric
from birth and renal failure associated with
severe hypotension persisted until death at 7
weeks. Renal ultrasound examination indicated
apparently normal kidneys. Permission for
necropsy was again refused. The last pregnancy
produced a female infant (IV.5). Oligohydram-
nios was suspected in the later part of
pregnancy; a fetal ultrasound examination
showed normal kidneys. At birth the baby had
an abnormally shaped skull with widely
separated sutures (fig 2) and large joint
contractures. The baby was anuric from birth
with severe hypotension. An ultrasound
examination showed normal sized kidneys with
normal echogenicity. Biochemical investiga-
tions indicated high plasma renin activity
(PRA). This baby died from respiratory failure
within a few hours of birth and consent for
necropsy was again refused.

FAMILY 2
A consanguineous Pakistani Muslim couple
(III.3, III.4, fig 3) presented in their second
pregnancy. The first pregnancy terminated
prematurely in a male stillbirth with Potter
syndrome at 29 weeks' gestation (IV.1). The
kidneys could not be visualised on antenatal
ultrasound scan. Consent for necropsy was not
given. The product of the second pregnancy, a
live born male infant delivered at term (IV.2),
had dysmorphic features consistent with the
Potter phenotype. In addition, the head looked
abnormal with widely separated sutures and a
large anterior fontanelle. Intensive care was
required in view of severe respiratory distress
probably related to pulmonary hypoplasia,
profound hypotension, and anuric renal fail-
ure. Both kidneys appeared normal in shape
and size with normal echogenicity on renal
ultrasound examinations. Despite intensive
management including peritoneal dialysis, the
baby died at 17 days of age.

Biochemical investigations showed high
PRA and low angiotensin I levels. Molecular
genetic investigations showed the child to be a
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homozygote for the insertion polymorphism
(II) in the ACE gene. Blood was not available
for determination of parental ACE genotype or
molecular analysis of the angiotensinogen gene
in either the parents or infant.
Necropsy showed macroscopic pulmonary

hypoplasia, microscopic evidence of pulmo-
nary immaturity, and a cuboidal alveolar
epithelium. Interstitial emphysema and lobular
overdistension were also present, consistent
with changes secondary to mechanical ventila-
tion. Histopathological examination of the kid-
neys showed variably sized glomerular cysts,
very poor maturation of cortical tubules, and
nodular collections of tubules suggestive of
early tubular dysplasia (fig 4A, B). There was
no evidence of acute tubular necrosis. These
findings prompted the diagnosis of "proximal
renal tubular dysgenesis".
The third pregnancy resulted in a healthy

male infant (IV.3) who had a normal skull x ray
and renal ultrasound scan.

Discussion
There are two aspects to this report: firstly, fur-
ther delineation of the syndrome of autosomal
recessive proximal RTD and, secondly,
examination of the evidence provided by the
clinical resemblance between this and the
"fetal ACE inhibitor syndrome".
These reported families are Pakistani Mus-

lim with parental consanguinity. The affected
pregnancies resulted in early loss, stillbirth, or
infants presenting after second trimester oligo-
hydramnios with intrauterine growth retarda-
tion, skull ossification defects, and early onset
renal failure. All affected liveborn infants died
in the neonatal period. It is postulated that the
same aetiology could account for all these
presentations.
The clinical picture is compatible with Potter

syndrome or the oligohydramnios sequence.9
This is usually associated with chronic leakage
of amniotic fluid from midgestation, severe
bilateral renal malformation including agen-
esis, dysgenesis, polycystic kidney disease, and
multicystic kidney disease, or critical urinary
tract obstruction. However, apart from infant
IV. 1 (family 2) where bilateral agenesis was
suspected on antenatal ultrasound scan alone,
no evidence of these underlying problems was
found in the affected pregnancies.
Profound hypotension resistant to treatment

was a major feature in infants IV.4 (family 1)
and IV.2 (family 2) which could account for the
associated renal failure. However, in this
circumstance features of acute tubular necrosis
(ATN) might be expected on histology. In con-
trast, where renal histopathology was available
in infant IV.2 (family 2), marked glomerular
proliferation and poor differentiation were
shown and were considered to be compatible
with proximal renal tubular dysgenesis. These
findings are similar to those seen in autosomal
recessive proximal RTD (MIM 267430).1
Metzman et at' reviewed the previous reports

of inherited proximal RTD, which is now
recognised as a specific phenotype comprising
proximal RTD as the major anomaly with
occasional occurrence of ossification defects of
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Renin Angiotensin System

Renin secretion from the juxta glomerular apparatus

Converts angiotensinogen

Angiotensin

| ACE (renal tubules)

Angiotensin 11

Vasoconstriction Aldosterone release/
Na/water retention

Increased blood pressure

Figure 5 The pathway of the renin-angiotensin system (RAS).

Pathological Anuric renal Oligohydramnios Hypocalva
changes renal failure Potter sequence

Figure 6 Pathological events in fetalACE inhibitor exposure and autosomal recessive

proximal RTD leading to development of the similar clinical phenotype.

the skull. Table 1 summarises the phenotypic
findings in our two families together with those
of previously published cases.2 5 1014 We believe
that the infants in this report are further cases

of autosomal recessive proximal RTD mani-
festing with pre- or perinatal anuric renal
failure and congenital ossification defects of the
skull.
The mechanism of inherited proximal RTD

and its associated findings have not been eluci-
dated. In our cases, investigations in infants
IV.4 (family 1) and IV.2 (family 2) showed evi-
dence of raised renin activity in both, together
with a low level of angiotensin I (Ang I) in
infant IV.2 (family 2). Unfortunately, further
investigation in the affected families was

precluded by insufficient blood samples. The
raised plasma renin activity suggests activation
of the RAS as might be expected in sick, hypo-
tensive neonates. However, a low Ang I would
suggest a block in the RAS which may in turn
be the primary cause of the profound hypoten-
sion. Possible causes of this combination of

findings include a qualitative abnormality of
the circulating renin or a quantitative or quali-
tative abnormality of angiotensinogen which
may be related to an abnormality in the
angiotensin gene system (1 q42-q44). It is
interesting to speculate how these or the
consequent abnormalities further down the
pathway of the RAS could generate the clinical
findings (fig 5). Consideration of the fetal ACE
inhibitor syndrome may provide further in-
sight.
There is striking similarity between the phe-

notype of inherited proximal RTD and the
spectrum of developmental abnormalities re-
sulting from probable teratogenic effects of
ACE inhibitors.6 7 15-18 Concerns about possible
adverse fetal effects of ACE inhibitors were
raised soon after their introduction as antihy-
pertensive agents.'9 20 Fetal ACE inhibitor syn-
drome is now accepted as an entity whose
major features are intrauterine growth retarda-
tion, skull ossification defects, and proximal
renal tubular dysgenesis.8 There is an associ-
ated increased incidence of intrauterine deaths,
stillbirths, and perinatal deaths which have
been ascribed to oligohydramnios, fetal hypo-
tension, and fetal/neonatal anuric renal failure.
The latter has been considered secondary to
decreased pressure and blood flow in the effer-
ent glomerular arteriole secondary to de-
creased levels of angiotensin II (Ang II). This
in turn is thought to contribute to the
maldevelopment of the renal tubules (fig 6).
The underlying mechanisms for the other
associated findings are uncertain.

Despite their different chemical structures,
all ACE inhibitors block the conversion of Ang
I to Ang II with consequent fall in Ang II levels
and other substances further down the RAS
and rise in those proximal to the block (fig 5).
We have speculated that our results might sug-
gest a block in the RAS in inherited proximal
RTD. If this is accepted, which of the
biochemical abnormalities common to both of
these situations could explain the clinical phe-
notype? Of the possibilities, recent work with
Ang II suggests that this might be an important
factor.2'
Ang II is an octapeptide whose functions in

vasoconstriction, regulation of glomerular fil-
tration rate, and stimulation of aldosterone
release are well known. More recently the
growth promoting effects of Ang II on extra-
renal tissues, in particular vascular smooth
muscle cells, have been characterised.22 23
However, it is now recognised that the RAS,
and most notably Ang II, may have other more
complex roles including growth regulation in
renal tissue itself.21

In vitro studies have shown that Ang II
induces hypertrophy of proximal tubular
cells.2' Studies in the rat suggest a role for the
RAS in early postnatal and maybe fetal
nephronogenesis and growth.24 Furthermore,
Ang II has been shown to induce transcription
of some immediate early genes in a murine
proximal tubular cell line25 26 and also to stimu-
late expression of homeobox gene 2.3 in the
same cell line.26 The clinical implications of
these findings are unclear and none of these in
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vitro studies has investigated the effect of low
RAS activity or Ang II levels. Nevertheless, it is
interesting to hypothesise that this may con-
tribute to proximal tubular dysgenesis via an
effect on regulation of nephronal growth in
addition to any changes in glomerular haemo-
dynamics. The role of Ang II in the induction
of early genes remains to be proven, but a lack
of Ang II may conceivably contribute to the
embryopathy seen in both inherited proximal
RTD and the fetal ACE inhibitor syndrome.
We believe that this report shows the

similarities between the uncommon genetic
syndrome of autosomal recessive proximal
RTD and the drug induced phenotype associ-
ated with fetal exposure to ACE inhibitors. Our
limited investigations have not identified a spe-
cific gene abnormality in the former. Consid-
eration of the available results together with
knowledge of the fetal ACE inhibitor syndrome
and functions of Ang II has led us to suggest
that an abnormality in the RAS may be a fun-
damental problem in inherited proximal RTD.
The angiotensinogen gene system may be a
likely candidate gene, although others within
the RAS may be responsible. More detailed
investigation of the RAS in further cases is
needed to establish whether this is true and to
delineate the molecular pathology of the
syndrome of autosomal recessive proximal
RTD.

The authors of this report wish to acknowledge invaluable help
and advice from Drs C J H Padfield and Dick Variend,
consultant histopathologists, in Nottingham and Sheffield
respectively. The renal histopathology in the affected boy in the
second family was reported by Dr Jane Zuccollo of the histopa-
thology department of the Queen's Medical Centre, Notting-
ham.
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