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Purpose: It can be difficult to differentiate clinically between hemifacial microsomia (HFM) and Townes-Brocks

syndrome (TBS). The distinction is important because TBS is inherited as an autosomal dominant trait, whereas

HFM is sporadic. Methods: We performed a retrospective analysis of eight patients with HFM-expanded spectrum

and anal anomalies to determine whether this subset has TBS. Results: Two patients had major phenotypic

findings of TBS. Sequencing of SALL1, the gene mutated in TBS, in four of the eight patients revealed one with a

C 3 T transition (resulting in a nonsense mutation R276X) at a previously identified mutational “hot spot.”

Conclusion: Patients with overlapping features of both syndromes should be screened for SALL1 mutations.
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Hemifacial microsomia (HFM) and Townes-Brocks syn-
drome (TBS) have overlapping phenotypic features, and it can
be difficult to differentiate between these two disorders.1,2 The
classic triad of TBS includes anal anomalies (such as imperfo-
rate anus), hand and thumb anomalies, and auricular anoma-
lies.3– 6 Craniofacial abnormalities, including mandibular
asymmetry, are rare in TBS. HFM with expanded spectrum
(sometimes referred to as oculo-auricular-vertebral spectrum
or “Goldenhar syndrome”) includes mandibular hypoplasia,
cranial nerve weakness, auricular, vertebral, and ocular anom-
alies, most commonly epibulbar dermoids.7–9

TBS is caused by mutations in the SALL1 putative transcrip-
tion factor.10 Several mutations in this gene have been found in
both familial and sporadic cases of TBS.10 –12 Similar pheno-
types between TBS and HFM raise the possibility that some
patients with HFM, particularly those with imperforate anus,
may also have a SALL1 mutation.

It is essential to accurately diagnose TBS because it is inher-
ited in an autosomal dominant fashion and, thus, has a 50%
rate of transmission to offspring. HFM, on the other hand, is
thought to be sporadic, and a 2–3% recurrence rate is generally
quoted to families with an affected child.7,13,14

We studied eight patients who share some features of both
TBS and HFM-expanded spectrum. Our goal was to determine
if any of these patients had undiagnosed TBS. We analyzed the
SALL1 gene in four of the eight patients by polymerase chain
reaction (PCR) and direct sequencing, looking for mutations
in the SALL1 gene. The possible presence of SALL1 mutations
in this subset of patients is important because it would suggest
that these overlapping clinical syndromes have a similar mo-
lecular pathophysiology.

MATERIALS AND METHODS
Patient selection and chart review

Based on a previous review of 121 patients with HFM-ex-
panded spectrum,15 the medical records of five patients known
to have anal abnormalities were analyzed in depth for possible
other features of TBS. We reviewed records from clinical out-
patient visits, inpatient hospitalizations and consultations, and
earlier records obtained from other institutions. Two other
patients were seen in the outpatient facility, and another was
seen while hospitalized for an elective procedure during the
course of this study, giving a total of eight. The patients’ man-
dibular and auricular anomalies were graded by the OMENS
system,8,15 where each letter of the acronym indicates one of
the five major manifestations of HFM: orbit (O), mandible
(M), ear (E), cranial nerves (N), and soft tissues (S). Each an-
atomic abnormality is assigned a number from 0 (normal) to 3
(most severe).

This study was approved by the Institutional Review Board
at Children’s Hospital, Boston. Informed consent was ob-
tained from the four individuals who participated in the DNA
sequencing portion of the study.
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SALL1 mutational analysis

DNA was prepared from leukocytes of four patients (2, 3, 7,
and 8) by standard methods. PCR was performed using 100 –
200 ng of genomic DNA, 10 pmol of each primer, 13 PCR
buffer (10 mM Tris-HCl, pH 8.3, and 50 mM KCl, 1.5 mM
MgCl2), 400 mM dNTPs, and 1 unit of Taq polymerase (Boehr-
inger Mannheim). The PCR primers used (TF1, TR2, TF2.1,
TR3, TR5, TF5, TR5.1) have been previously described.11 One
additional primer corresponding with nucleotides 2491–2511
of the SALL1 gene (5'-GATGCTGCCCTCAGGACAGTC-3')
was used with the forward primer TF2.1. Two modified prim-
ers between nucleotides 546 –1012 within exon 2 were used to
focus on the “hot spot” area. Cycling conditions included an
initial denaturation step at 948 3 4 minutes, followed by 35
cycles of 948 3 1 minute, 648 3 1 minute, 728 3 2 minutes, and
a final extension step at 728 for 5 minutes. PCRs were per-
formed in an MJ Research PTC-200 Pelter Thermal Cycler.
PCR products were separated on standard agarose gels to check
for amplification of the appropriately sized product, using
both negative and positive PCR controls. PCR products were
purified from the reaction mixture using Wizard PCR Prep
Purification System (Promega). Purified double-stranded
DNA templates were submitted to the DNA sequencing labo-
ratory for direct double-stranded DNA sequencing using an
ABI 373 automated sequencer with internal SALL1 primers.

RESULTS
Clinical summary of patients

Table 1 summarizes the clinical findings of the patients in
this study. Of the eight patients, two were male, and the other

six were female. All had facial asymmetry, structural auricular
anomalies, and anal anomalies; thus, these findings are not
listed in Table 1. None had a family history of similar deformi-
ties. Other findings were more variable. Three patients had
extremity malformations. Four patients had ocular anomalies,
with three of the four having epibulbar dermoids. Five of the
eight patients had vertebral defects, and six of the eight patients
had involvement of other organ systems.

SALL1 sequence data

Exons 2 and 3 of the SALL1 gene, including intron/exon
boundaries, were amplified by PCR and sequenced in four of
the eight patients in our study (patients 2, 3, 7, and 8). Two
patients declined to be tested, and two patients could not be
located. All previously described mutations have been within
exons 2 and 3, which contains all of the putative zinc finger
motifs and encompasses 98% of the coding sequences of
SALL1. We found a nonsense mutation at nucleotide 826/
codon 276 (Arg3 Ter, resulting from CGA3 TGA) in one
patient (patient 2) (Figs. 1 and 2). This C3 T transition at a
previously identified mutational “hot spot” is a de novo muta-
tion in this family, since both parents did not carry the muta-
tion, as determined by direct sequencing (Fig. 2). The remain-
ing patients did not have any changes expected to be clinically
significant in the area of the gene that was sequenced (data not
shown). Exons 2 and 3 were fully sequenced in four normal
controls as well.

Table 1
Variable clinical findings in eight patients with facial asymmetry and anal

anomalies

Patient
Hand/foot
anomaliesa

Ocular
anomalies

Vertebral
anomalies

Other
anomaliesb

SALL1
mutation

1 2 2 2 2 2

2 1 2 2 1 1

3 1 1 1 1 2

4 2 1 1 1 2

5 2 1 1 1 2

6 2 1 1 1 2

7 2 2 2 2 2

8 1 2 1 1 2

aHand/foot anomalies included unilateral duplicated thumbs, 3– 4 syndactyly
of the fingers, 4 –5 syndactyly of the right foot, 1–2 syndactyly of the left foot
(patient 2), left preaxial supernumerary thumb (3), and left clubfoot (8).
bOther anomalies included ventricular septal defect, hypoplastic kidneys, and
hypospadias (patient 2); tethered spinal cord and hypoplastic right kidney
(patient 3); choanal atresia (patient 4); tracheo-esophageal fistula with esoph-
ageal atresia (patient 5); holoprosencephaly, hydrocephalus, and ventricular
septal defect with anterior malalignment (patient 6); and hypoplastic left lower
extremity, left renal agenesis, tethered spinal cord, left inferior vena cava, and
bilateral congenitally dislocated hips (patient 8).

Fig. 1 Patient 2. Facial features: right type 1 mandibular hypoplasia; left type 2 microtia
and right type 3 microtia; right facial nerve weakness. Extracraniofacial anomalies: bilat-
eral duplicated thumbs; 1–2 syndactyly of the left foot; 4 –5 syndactyly of the right foot
with a cleft between first and second digits. Anogenital anomalies are hypospadias, a
prominent perineal raphe, and anal tag.
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DISCUSSION

Clinical differentiation between TBS and HFM-expanded
spectrum can be confusing. TBS is characterized by the triad of
anal, auricular, and hand anomalies.16 Anal abnormalities have
been reported to occur in 95–97% of patients with TBS.3– 6

Unilateral and bilateral auricular anomalies include “lop” or
“satyr” ear, microtia, auricular pits, and tags,5 and sensorineu-
ral and/or conductive hearing loss.12 Renal anomalies are often
seen, but less consistently so, and include hypoplastic or dys-
plastic kidneys, renal agenesis, multicystic kidneys, posterior
urethral valves, and vesicoureteral reflux.6 Other associated
anomalies of the genitourinary system are bifid scrotum and
hypospadias.6 Vertebral defects have been described in only
one TBS patient,17 and it has been proposed that this feature be
used to differentiate TBS from VATER association or other
overlapping conditions with vertebral anomalies.6 The occur-
rence of intrafamilial phenotypic variability in TBS has been
well described.18,19

HFM is characterized by asymmetrical hypoplasia of the fa-
cial skeleton, ear, and facial soft tissues.9 Extracraniofacial
anomalies occur in approximately 50% of patients.7,9 The term
HFM “expanded spectrum” denotes extracraniofacial mani-
festations that are composed of malformations of the cardiac,
skeletal, gastrointestinal, renal, and central nervous systems.15

There is significant variability in this condition, with the ex-
ception of facial asymmetry.8,9 Although there are no univer-
sally used diagnostic criteria, most studies include mandibular
and auricular defects as obligatory features.9

Whereas TBS is an autosomal dominant disorder, many
sporadic cases are described.6 HFM generally occurs sporadi-
cally, although cases of autosomal dominant inheritance have
been reported.7,14 It is important to distinguish between these
two diagnoses because of the reproductive risk associated with
TBS. Several case reports have called attention to the pheno-
typic similarity between TBS and HFM. One report describes a
three-generation family initially thought to have “Goldenhar-
like” features. However, a child born in the third generation
with imperforate anus raised the likely possibility of a diagnosis
of TBS.2 Gabrielli et al.1 described a patient with microtia,
preauricular tags, facial asymmetry, rib anomalies, and an an-
teriorly placed anus as a sporadic case of TBS versus “Golden-
har syndrome.” Moeschler and Clarren20 reported a mother
and daughter with “hemifacial microsomia,” ear anomalies,
and radial limb defects including duplicated triphalangeal
thumbs. The daughter also had an anteriorly placed anus.

Our analysis found that only two of eight cases (patients 2
and 3) are likely have TBS. In addition to the typical features of
TBS, patient 3 had an epibulbar dermoid, which is not charac-
teristically seen in TBS, but does occur in 35% of patients with
HFM.7 Patient 2 had no anal anomalies other than a prominent
perineal raphe, but he did have other typical features of TBS,
including microtia and hand anomalies. He also had cardiac,
renal, and genital abnormalities, which occur in both TBS and
HFM.6,7,15 However, his facial asymmetry was minor, with uni-
lateral type 1 mandibular hypoplasia, and he did not have oc-
ular or vertebral anomalies.

The gene for TBS codes for the SALL1 putative transcription
factor and is located on chromosome 16q12.1. The SALL1
transcription factor shares homology to spalt (sal) of Drosoph-
ila melanogaster, where it is required for specification of ante-
rior and posterior segmentation during development.21 The sal
protein contains a highly conserved double zinc finger mo-
tif.10,21,22 The developmental expression pattern of sal ho-
mologs in mouse and Xenopus is consistent with the defects
observed as a result of SALL1 gene disruption in patients with
TBS. Human SALL1 is expressed in adult brain, kidney, and
liver, and fetal brain.23

Mutations in the SALL1 gene have been found in both fa-
milial and sporadic cases of TBS.10 –12,24 Kohlhase et al.10 ini-
tially reported mutations in one familial case and one sporadic
case of TBS. A follow-up study analyzed 23 families for muta-
tions in SALL1, and mutations were present in 9 families.11 In
addition, a 1 base-pair deletion was found in a previously re-
ported patient with overlapping features of TBS and HFM. In

Fig. 2 DNA sequence chromatographs from patient 2, his parents, and a normal con-
trol. The sequence surrounding nucleotide 826 of the SALL1 gene is depicted, showing
heterozygous C3 T transition found in patient 2 (denoted by *) but not present in his
parents and normal control.
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another recent report, mutations were identified in five famil-
ial and six sporadic cases of TBS, suggesting a mutational “hot
spot” in sporadically occurring cases of TBS.12 In our study,
one of the four patients whose SALL1 gene was sequenced (pa-
tient 2) showed a de novo nonsense mutation at nucleotide 826
(R276X) of the SALL1 gene, the putative “hot spot.” The
R276X mutation would be predicted to result in a truncated
protein and, thus, haploinsufficiency for SALL1 and was in the
patient who had the least phenotypic overlap between TBS and
HFM. Although functional studies might be helpful to ensure
that this is the disease-causing mutation, the fact that an iden-
tical mutation has been described in six previous sporadic cases
suggests that it is likely to be clinically important in this patient.

The other three patients in our study group did not have any
changes in the SALL1 gene, other than likely polymorphisms.
Specifically, there were no other changes detected at nucleotide
826, the proposed “hot spot.” This suggests that, in this subset
of patients, there is no evidence of genetic overlap between
these two syndromes. However, mutations in SALL1 have been
identified in at least one other patient with features of these two
syndromes.11 It is possible that our patients do have mutations
outside of the sequenced region, such as in exon 1 or in an
intron or flanking region of the gene. However, exon 1 con-
tains only 2% of the coding sequences. A translocation break-
point 180 kb away from the gene has been identified in one
patient with TBS,12 suggesting that mutations in flanking re-
gions of this gene can cause the TBS phenotype. Furthermore,
large deletions or rearrangements could also be missed using
only PCR and direct sequencing.

This is the seventh report of a mutation at nucleotide 826 of
the SALL1 gene causing a sporadic case of TBS. The detection
of this mutational “hot spot” has potential clinical applicabil-
ity; for example, a simple and cost-effective diagnostic test for
mutations surrounding nucleotide 826 could be developed to
screen patients with features of TBS and no family history.
DNA-based diagnostic testing for TBS is not yet clinically
available. However, such a test would aid geneticists and ge-
netic counselors in assisting families with a child who has fea-
tures of TBS. If a mutation at nucleotide 826 is excluded, the
remainder of the SALL1 gene could be sequenced easily. Al-
though there is still likely to be diagnostic uncertainty in some
patients with overlapping features of HFM and TBS, the devel-
opment of DNA-based diagnostic testing would help some
families or affected individuals who are interested in reproduc-
tive planning.
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