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Abstract

Peters Plus syndrome (PPS) is a rare autosomal-recessive disorder characterized by Peters

anomaly of the eye, short stature, brachydactyly, dysmorphic facial features, developmental delay,

and variable other systemic abnormalities. In this report we describe screening of 64 patients

affected with PPS, isolated Peters anomaly and PPS-like phenotypes. Mutations in the coding

region of B3GALTL were identified in nine patients; six had a documented phenotype of classic

PPS and the remaining three had a clinical diagnosis of PPS with incomplete clinical

documentation. A total of nine different pathogenic alleles were identified. Five alleles are novel

including one frameshift, c.168dupA, p.(Gly57Argfs*11), one nonsense, c.1234C>T, p.(Arg412*),

two missense, c.1045G>A, p.(Asp349Asn) and c.1181G>A, p.(Gly394Glu), and one splicing, c.

347+5G>T, mutations. Consistent with previous reports, the c.660+1G>A mutation was the most
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common mutation identified, seen in eight of the nine patients and accounting for 55% of

pathogenic alleles in this study and 69% of all reported pathogenic alleles; while two patients were

homozygous for this mutation, the majority had a second rare pathogenic allele. We also report the

absence of B3GALTL mutations in 55 cases of PPS-like phenotypes or isolated Peters anomaly,

further establishing the strong association of B3GALTL mutations with classic PPS only.

INTRODUCTION

Peters Plus syndrome (PPS) is a rare autosomal-recessive disorder characterized by anterior

segment dysgenesis of the eye, typically Peters anomaly, and systemic defects. Patients with

classic PPS display brachydactyly, short stature, developmental delay, and dysmorphic

facial features, along with variable other systemic anomalies (1). The gene affected in PPS,

B3GALTL, was identified in 2006 by Lesnik Oberstein and coauthors (2). B3GALTL acts as

a glucosyltransferase which catalyzes the addition of glucose to O-linked fucose via a β-1,3

attachment on thrombospondin type-1 repeats (TSRs) (3). Nine additional reports have been

published linking mutations in B3GALTL with classic PPS (4–12).

Peters anomaly can also occur as an isolated feature or be associated with a broad range of

structural anomalies (present in up to 60%); structural anomalies often overlap those seen in

PPS, but may be present as a single anomaly or in varying combinations of anomalies which

do not meet the criteria for classic PPS (PPS-like) (13,14). Peters anomaly with or without

systemic anomalies is genetically heterogeneous with mutations in PAX6, PITX2, FOXC1,

FOXE3, and CYP1B1 identified in some cases (15); in many cases, the genetic etiology

remains unknown. No pathogenic mutations have been identified in B3GALTL in cases of

isolated Peters anomaly or PPS-like phenotypes, but a limited number of patients was

examined so far (4,7,16,17).

In this manuscript we report B3GALTL screening results of 64 patients affected with PPS,

isolated Peters anomaly and PPS-like phenotypes.

PATIENTS AND METHODS

Human subjects

This human study was approved by the Institutional Review Boards of the Children’s

Hospital of Wisconsin and the University of Iowa with written informed consent obtained

for every subject. Genomic DNA was extracted using standard procedures from blood or

buccal samples. Patients were referred from numerous institutions; clinical descriptions were

obtained from review of medical records. A total of 64 probands with classic PPS, PPS- like

phenotypes, and isolated Peters anomaly were studied (Table 1 and Supplemental Table 1).

B3GALTL screening

The coding region of B3GALTL was amplified using the previously described specific

primers (4) and HotMaster Taq (5 PRIME, Gaithersburg, MD) or Taq98®Hot Start 2×

Master Mix (Lucigen, Middleton, WI). PCR products were sequenced as previously

described (4); analysis was performed with Mutation Surveyor (SoftGenetics, State College,
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PA) using reference sequence NM_194318.3. Exome Variant Server (EVS; http://

evs.gs.washington.edu/EVS/) and dbSNP (http://www.ncbi.nlm.nih.gov/snp) were used to

determine variant frequency in the general population and SIFT (http://SIFT.jcvi.org/) and

PolyPhen (http://genetics.bwh.harvard.edu/pph2/) were used to examine the effects of

missense variants.

Variations in the copy number of B3GALTL were analyzed using TaqMan® Copy Number

Assays (Applied Biosystems, Carlsbad, California) using the specific probes

Hs02373786_cn and Hs03844228_cn, targeting B3GALTL intron 1 and exon 14,

respectively, and previously described protocols (18).

RESULTS

In total, B3GALTL sequence was examined in 64 probands with classic PPS, PPS-like

conditions, or isolated Peters anomaly. We identified recessive pathogenic B3GALTL

mutations in all six patients with documented features consistent with classic PPS (anterior

segment dysgenesis, short stature, brachydactyly, and variable other features) and three

patients who were referred with a clinical diagnosis of PPS but incomplete clinical

documentation (Table 1, Figure 2, Supplemental Figure 1); eight patients had two nucleotide

mutations and one patient (Patient 1) had a nucleotide mutation paired with a deletion of the

B3GALTL gene. Eight patients carried at least one copy of the common splicing mutation, c.

660+1G>A, and two of these patients were homozygous for this allele (copy number

analysis confirmed diploid copy number). The c.660+1G>A mutation is also present in the

general population at a frequency of 0.08% (7/8598) for European American alleles and 0%

(0/4404) for African American alleles in EVS.

Five of the mutations are novel variants that are predicted to be pathogenic (Figure 2;

Supplemental Figure 1). Two of these pathogenic variants are truncating: the c.168dupA, p.

(Gly57Argfs*11) change is the most N-terminal allele reported to date, while the c.

1234C>T, p.(Arg412*) change is the most C-terminal mutation currently known; neither

allele was observed in EVS. Two novel pathogenic missense mutations were identified, only

the second and third missense mutations in B3GALTL reported to date. The c.1181G>A, p.

(Gly394Glu) mutation was predicted to be deleterious/damaging by both SIFT and Polyphen

and was found at a low frequency in EVS (1/4406 African American alleles; 0/8600

European American alleles). The c.1045G>A, p.(Asp349Asn) mutation was predicted to be

deleterious/damaging by both SIFT and PolyPhen and was not present in EVS. Finally, a

novel splicing mutation, c.347+5G>T, was identified at the same position as the previously

reported c.347+5G>A mutation (2) and was not seen in EVS. Unfortunately, mRNA from

the patient was unavailable for RT-PCR to confirm aberrant splicing; however, analysis of

the sequences using MaxEntScan software (19), which estimates the probability for

nucleotide sequences to be recognized as splice sites, resulted in a MaxEnt score of 6.49 for

the reference 5' splice sequence of exon 5/intron 5 of B3GALTL (CAGgtacgt) and highly

reduced negative scores of -2.43 for the previously reported c.347+5G>A (CAGgtacat)

splice mutation, which was verified by RT-PCR as a splicing defect (2), and −2.13 for the

novel c.347+5G>T (CAGgtactt) mutation.
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Among these nine patients with pathogenic mutations, eight were affected with bilateral and

one with unilateral Peters anomaly. Short stature was documented in all but one patient;

birth length was available for three patients and was normal in all three (between 10th and

50th centile). Brachydactyly was documented in six of the nine cases. Additional ocular

defects included microphthalmia in two patients and microcornea, chorioretinal

degeneration, iris coloboma, and optic nerve coloboma in one patient each. Craniofacial,

heart, kidney, and genital anomalies were common, consistent with previous reports of PPS.

Developmental delay and facial dysmorphism were seen in seven patients (unreported in

two); structural brain anomalies were seen in four patients including sphenoidal

encephalocele in one. Feeding difficulties were noted in three patients: one patient required

nasogastric feeds for the first year of life, another one had feeding intolerance with severe

gastrointestinal dysmotility/pseudo-obstruction and was Total Parenteral Nutrition (TPN)

dependent, and the third one had gastroesophageal reflux and oral dysphagia. One patient

also had thrombocytopenia and chronic pancreatitis/pancreatic divisum; she passed away at

10 years of age from Systemic Inflammatory Response Syndrome.

In addition to the above described PPS cases, we screened 55 patients with Peters anomaly

(45) or another ocular defect (10) with (37) or without (18) systemic anomalies overlapping

with the PPS spectrum (Supplemental Table 1). No pathogenic variants in B3GALTL were

identified in this group. Several heterozygous rare variants (<1% allele frequency in EVS or

1000 genomes) were identified in these cases, including three missense alleles, one

synonymous variant, and four intronic variants located within 20 nucleotides of the exon

(Supplemental Table 2); none of these changes was predicted to affect protein function and

the majority are present in the general population.

DISCUSSION

In this report we describe nine patients with pathogenic mutations in the coding region of

B3GALTL; six of these patients have a documented classic PPS phenotype that includes

Peters anomaly, short stature, brachydactyly, dysmorphic facies, and variable other

anomalies and three were referred with a clinical diagnosis of PPS and incomplete

documentation. A total of nine different pathogenic alleles were identified in this study.

Consistent with previous reports (2,4–12), the c.660+1G>A mutation was the most common

mutation identified (Table 2). Overall, 86% of the reported pathogenic alleles are splicing

mutations, 6% are truncating mutations, 4% are missense mutations, and 4% are whole gene

deletions (Table 2).

Five novel pathogenic variants were identified, all predicted to result in complete loss-of-

function alleles. The c.168dupA, p.(Gly57Argfs*11) and c.1234C>T, p.(Arg412*)

truncating mutations are likely to result in nonsense mediated decay (NMD) (20). The two

novel missense mutations, p.(Asp349Asn) and p.(Gly394Glu), affect highly conserved

amino acids in or near the catalytic core of B3GALTL (Figure 2, Supplemental Figure 1).

The final novel mutation, c.347+5G>T, affects the same position as the previously reported

c.347+5G>A mutation (2) and is predicted to similarly disrupt splicing (19). The remaining

three pathogenic alleles represent new occurrences of previously reported mutations. The

whole gene deletion in Patient 1 represents the third family to be affected with B3GALTL
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deletion (2,6). Two other splicing mutations, c.1065−1G>A and c.459+1G>A, represent the

second and third families to be reported with these mutations, respectively (4,7,9).

Several phenotypic features are of special interest within our B3GALTL-mutation positive

group. Three of the nine patients reported here had feeding issues, in one case severe enough

to require Total Parenteral Nutrition (TPN); while feeding problems were noted in a review

of PPS (1) and at least one previously reported patient with B3GALTL mutations required a

gastric tube (4), feeding problems had not been previously reported as a common feature

associated with mutations in B3GALTL. This is the second report of encephalocele

associated with mutations in B3GALTL; the previous case involved a meningoencephalocele

seen in a fetus terminated at 18 weeks of gestation (12). Finally, one patient was affected

with severe pancreatitis/pancreatic divisum, a condition not previously associated with PPS.

To date, all reported cases of PPS which have been explained by mutations in B3GALTL

have been associated with ASD, short stature, dysmorphic facial features, and brachydactyly

in all but one case where hands were examined; developmental delay is typically observed,

but occasionally normal development is reported, and variable other features including cleft

lip/palate, heart, genitourinary, ear, skeletal, and CNS anomalies are also seen (2,4–12). Our

data bring the total number of PPS cases explained by mutations in B3GALTL to 47 cases

from 39 independent families.

We also screened 55 additional cases affected with PPS-like conditions lacking the

combination of anterior segment ocular defect, short stature, brachydactyly and facial

dysmorphism, or isolated Peters anomaly; no pathogenic sequence variants were detected in

B3GALTL in any of these cases. Five other reports have also described PPS-like phenotypes

with no mutations in B3GALTL (4,7,9,16,17). Therefore, the data available in the literature

as well as that presented here seem to indicate that loss of function of B3GALTL results in a

classic PPS phenotype only. The PPS-like phenotypes are still awaiting molecular

explanation. Identification of the genes involved in these PPS-like phenotypes is necessary

for better classification and understanding of these complex conditions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Photographs of patients documenting features of Peters Plus syndrome. (a–e) Patient 4 with

relative macrocephaly, high forehead with sparse eyebrows, hypertelorism, broad nasal

bridge, small nose, long, smooth philtrum, thin upper lip (a,b), bilateral preauricular pits (c),

and bilateral Peters anomaly with partial clearing of the corneal opacity (d, e); (f–h) Patient

5 with right eye post corneal transplant, left eye enucleated, high forehead, hypertelorism,

cupid bow upper lip, long smooth philtrum (f, g) and brachydactyly (h); (i–n) Patient 6 with

short stature (i), left ocular prosthesis and right eye post sector iredectomy, microcephaly
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with micrognathia, a long philtrum (i, j), posteriorly rotated ears with preauricular pits (k, l),
brachydactyly (m), and branchial fistula (n) ; (o–q) Patient 8 with short stature (o), broad

forehead with sparse eyebrows, relative macrocephaly, a broad nasal bridge, hypertelorism,

upslanting palpebral fissues, a simple philtrum with thin lips, low set ears (o,p), and

brachydactyly (q); (r–u) Patient 9 with prominent forehead, prominent nose, protruding,

thin upper lip, high arched palate, mildly receding chin, small, low set ears (r,s) and Peters

anomaly of the right eye only (t,u).
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Figure 2.
Schematic presentation of the B3GALTL gene structure and overview of the mutations

identified in patients with PPS. Novel mutations are indicated in bold above the gene

diagram; previously reported mutations are indicated below the gene diagram. The

B3GALTL transcript is 4254-bp in size (1497-bp for the coding region) and consists of 15

exons. Each exon is represented by a box with its size (bp) indicated on top. The N-terminal

domain is shown as a vertically striped box, the stem region is shaded in light grey, the

catalytic domain is shaded in dark grey and the catalytic core is indicated in black. Deletions

of B3GALTL are indicated at the bottom of the drawing; previously reported deletions were

identified using array-based comparative genomic hybridization approach and included

B3GALTL and five additional genes, HSPH1, LGR8, LOC196545, FRY, and BRCA2, in one

case (2) and B3GALTL and four additional gene, USPL1, ALOX5AP, C13orf23, HSPH1, in

another study (6); the deletion in Patient 1 in this study was identified using B3GALTL-

specific TaqMan copy number assays (Supplemental Figure 1), thus the full extent of the

deletion is unknown.
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