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Evidence for GAL3ST4 mutation as the potential cause of

pectus excavatum
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Dear Editor,

Pectus excavatum (PE) is the most common congeni-
tal deformity of chest wall that occurs in approximately 1
in every 400 births [1]. PE is characterized by the abnor-
mal development of sternum and costal cartilage, which
reduces the thoracic volume, restricts the pulmonary
movement and leads to cardiac compression [1].
Without timely medical interventions, PE may become
progressively worse during the adolescent growth spurt
[1, 2]. The etiology of PE remains largely undefined,
but accumulating clinical evidence supports that PE is
a genetic disorder that is either inherited dominantly or
recessively as ~40% of the patients have affected fam-
ily members with similar congenital deformities [3].
However, few pathogenic genes have been identified
for PE yet [2]. Thus, systematic analysis of the genetic
and molecular mechanisms underlying PE is highly
warranted.

In this study, we analyzed a four-generation Han
Chinese family with PE that showed dominant inheri-
tance (Figure 1A). Four of the family members (11:5,
III:4, TV:1 and IV:2) were diagnosed as “cup-shaped”
or “bowl-shaped” PE. To systematically screen for the
candidate genes that are likely to be causative for PE in
this pedigree, we sequenced the whole exomes for all the
four affected members and one of the unaffected normal
individuals (III:6) (Supplementary information, Data
S1). We generated the sequencing reads with Illumina’s
next generation sequencing technology as described
previously [4]. In total, we sequenced the exome
sequences to a mean depth of 58x or greater for each
individual, which covered ~90% of the targeted bases,
sufficiently for confident variant calling (Supplementary
information, Table S1).

To sift out the potentially pathogenic mutations,
we first filtered all the identified genetic variants that
were shared by all the four patients against the list of
variants obtained from the unaffected normal control
(Supplementary information, Table S2). Through this
way, we identified 771 case-specific genetic variants

that were shared by all the affected individuals. Given
that the incidence of PE is very low and that no racial
difference in incidence has been reported, it is highly
possible that mutations causative for familial PE should
be absent from the general population. Therefore, we
further filtered the case-specific variants against the sets
of genetic polymorphisms from the dbSNP132 and the
1000 Genome Project databases (as of November 23,
2010). After these two steps, only three novel genetic
variants remained as the candidate mutations that were
likely linked to PE.

Of the three novel variants that were predicted to
be related to PE in this family, two were annotated as
missense mutations by the SIFT program (http://sift.jcvi.
org/). We next orthogonally validated these two non-
synonymous variants in the source samples (II:5, 111:4,
III:6, 1V:1 and 1V:2) by Sanger sequencing and found
that one was likely to be a false-positive mutation in
the repetitive region of human genome (Supplementary
information, Table S4). The other heterozygous mutation
g.chr7: 99764688G>A was confirmed to be shared by
all the four patients but absent from the healthy family
members with DNA samples available, including II:3,
II:6 and III:6 who are genetically related members and
III:5 who is genetically unrelated to the family (Fig-
ure 1B). These results provided genetic evidence that
mutation g.chr7: 99764688G>A was most likely to be
pathogenic for PE in this family. We then genotyped this
mutation in an additional cohort of 378 unrelated healthy
individuals and further confirmed its potential causative
role in PE pathogenesis as none of the normal controls
showed mutation at this genomic site.

Mutation g.chr7: 99764688G>A was predicted to
affect the first exon of GAL3ST4 and result in a sub-
stitution of the positively-charged arginine (R) with
the uncharged tryptophan (W) at the residue 11 of the
encoded protein (c.424G>A, p.R11W). Evolutionary
conservation analysis revealed that the mutated residue
11 (R) of Gal3ST-4 is highly conserved across several
vertebrate species (Figure 1C), which may indicate
that this mutation is highly likely to disrupt the normal
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Figure 1 Genetic and molecular evidence for GAL3ST4 mutation as the cause of familial PE. (A) The pedigree structure of
the family with congenital PE analyzed in this study. The black boxes represent the affected individuals. The arrow beside
the black box represents the proband. (B) Chromatogram traces from Sanger sequencing showing the validated missense
mutation g.chr7: 99764688G>A. The upper panel shows the sequencing result of the proband and the lower panel shows
the sequencing result of IlI:6. (C) Evolutionary conservation analysis of the amino acid affected by the identified missense
mutation. The affected amino acid is shown in the red box. (D) Immunolocalization analysis of wild-type and mutant GAL3ST4
in transfected HelLa cells. Red shows the anti-GAL3ST4 staining; blue shows artificial coloring of nuclei by DAPI. Cells were
transfected with plasmid DNA (pPyCAGIP vector) encoding the wild-type (hGAL3ST4) and mutant GAL3ST4 (p.R11W),
respectively. Normal HelLa cells (NC) and cells transfected with empty vector (pPyCAGIP) served as controls. Cells trans-
fected with hGAL3ST4 showed GAL3ST4 expression in the cytoplasm, whereas the expression of p.R11W was detected as

patches distributed over the entire nucleus.

functions of the protein. Gal3ST-4 is the fourth member
of the Gal:—3-sulfotransferase family that catalyzes the
C-3 sulfation of galactoses in O-linked glycoproteins
[5]. It has been shown that sulfation of the glycan chains
is associated with the specific physiological functions
of the various glycoproteins. The Golgi apparatus-
associated sulfotransferases carry out the sulfation
of glycans by transferring the sulfate group from the
phosphoadenosine-phosphosulfate (PAPS) to a precursor
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oligosaccharide [6]. The p.R11W mutation identified
in our study is located in the signal peptide region of
Gal3ST-4. Therefore, we reasoned that the substitution of
arginine with tryptophan may greatly influence the func-
tions of Gal3ST-4 by changing its subcellular localiza-
tion.

To test this possibility, we expressed the mutant and
wild-type forms of human GAL3ST4 in HeLa cells,
which only express very low levels of endogenous
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GAL3ST4. The GAL3ST4 coding sequence was cloned
into the pPyCAGIP expression vectors and the GAL3ST4
p.R11W mutant was generated by PCR (Supplementary
information, Data S1 and Table S3). Our immunofluo-
rescence analysis showed that the wild-type GAL3ST4
was predominantly detected in the cytoplasm whereas
the mutant GAL3ST4 was mainly detected in the nucleus
(Figure 1D).

Previous studies have established that sulfation of
the proteoglycans is crucial for the normal development
of cartilages and bones [6]. The major catalytic ma-
chinery responsible for the biosynthesis and breakage
of sulfate esters in the proteoglycans is composed of
various enzymes and transporters. Mutations in genes
encoding the transmembrane transporters of sulfate or
enzymes involved in the synthesis of PAPS have been
identified as the causes for several inherited diseases
that all show deformities in the skeletal system [6-
8]. Moreover, several studies also showed that genetic
defects in genes encoding the sulfatases disturb the
sulfate metabolism and result in some human inherited
diseases. For example, multiple sulfatase deficiency
(MSD) is an inherited disease characterized by the
deficiency of multiple sulfatases (OMIM 272200).
Patients with MSD usually have deformities of the chest,
problems with bone formation and growth and joint
stiffness. To find out whether mutations in GAL3ST4
are also associated with the development of sporadic
PE, we sequenced all the exons of GAL3ST4 in eight
sporadic cases with PE and identified another missense
mutation g.chr7: 99758263C>T in one of the patients
(Supplementary information, Figure S1). This mutation
has not been reported as a genetic polymorphism in the
public databases (including the dbSNP132 and 1000
Genome Project databases) and is also absent from
the 301 ethnicity-matched normal controls that we
sequenced. However, mutation g.chr7: 99758263C>T is
located outside of the signal peptide region of Gal3ST-4
and the arginine residue affected by this mutation is less
conservative than the one affected by mutation g.chr7:
99764688G>A (Supplementary information, Figure S2).
Thus, future studies are needed to investigate the exact
roles of GAL3ST4 in the development of sporadic PE.
Overall, our findings further confirmed that disturbance
of the sulfate metabolism is likely to be a common cause
for several inherited diseases with skeletal deformities.

Both cartilages and developing bones are abundant
with various sulfated proteoglycans. The sulfate moieties
provide a negative charge and are quite important
for the structure and assembly of the skeletal system
[9]. The sulfated proteoglycans are synthesized by
different sulfotransferases, sulfatases and other related

components in the Golgi body. The localization and
organization of these active molecules in the Golgi
apparatus are essential for the normal sulfation of the
conjugated glycans, since the biosynthesis cascades are
catalyzed by the stepwise enzyme reactions. Thus, it can
be conceived that dysfunction of GAL3ST4 by genetic
mutations will have a great effect on the sulfation of
the various target glycoproteins. The four members of
the Gal:—3-sulfotransferase family share 30%-40%
amino acid sequence identity, but each of them shows
distinct substrate specificities [5]. Although it has been
shown that the Gal3ST-4 is highly specific for the core 1
structures generated in the O-linked glycans [10], future
studies are needed to unravel the exact downstream
targets or pathways of Gal3ST-4 that contribute to the
development of familial PE.

Taken together, through whole-exome sequencing of
a family with congenital PE, we identified mutations
in the sulfotransferase gene GAL3ST4 as the potential
cause for PE. Our functional study further confirmed that
genetic mutation of GAL3ST4 affects the functions of the
encoded protein. To our knowledge, this is the first gene
linked to the pathogenesis of PE. Our results along with
data from previous studies implicate imbalance of sulfate
metabolism as the common cause for several congenital
skeletal deformities. These findings may lay the basis
for future development of new diagnostic or therapeu-
tic targets for PE or other conditions associated with
abnormal development of cartilages and bones.
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