Supplementary Information


Two patients within our cohort (1,4) have been described previously (Herman et al., 2007).  In brief, patient 1 was evaluated by Genetics at age 4 years after a referral for mild global developmental delay, speech delay and autism.  On physical exam, he was macrocephalic with a head circumference of 55.5 cm (+3.1 S.D.) and a high forehead.  No other physical or mucocutaneous findings were present.  There was a vague maternal family history of “large heads” and several different forms of cancer in relatives over the age of 65.  Upon PTEN sequencing, a nonsense mutation in  exon 5 (R130X) was identified.  This was later found in the father, while the mother and developmentally normal sibling did not possess the mutation.  Patient 4 was a 27 month old girl referred initially for evaluation of developmental delay, macrocephaly (HC 55.5 cm, +2.9 S.D.) and autism.  On physical exam, she had a round face with mild hypertelorism, slightly upslanting palpebral fissures, midface hypoplasia with a depressed nasal bridge and short nose.  No mucocutaneous lesions were noted on examination of the child or either parent.  Sequencing of PTEN revealed a heterozygous single base insertion in exon 6 (c.519_520insT), which creates a frameshift mutation at codon 175 in exon 6, resulting in a premature termination of the protein.  Neither parent had the mutation.  

Patient 2, a Caucasian male, was evaluated by Genetics at 3 y 8 m of age due to a diagnosis of PDD-NOS and an autism spectrum disorder in his identical twin.  He was the product of a twin gestation to a G2P1 female.  The pregnancy was complicated by gestational diabetes requiring insulin treatment.  Premature labor at 28 weeks was treated with terbutaline until 32 weeks gestation when a C-section was performed.  The patient (Twin A) weighed 1.96 kg (75%), was 43.2 cm (50-75%) in length, and had an OFC of 32 cm (98%).  Because of a large head size, a CT scan was performed, which was normal.  He remained in the NICU for 3-4 weeks and required oxygen support during this time. Gross motor development was normal, but speech delay was noted.  He had a diagnosis of autism made at 3 y 5 m through a comprehensive evaluation by a developmental pediatrician and certified psychologist.  On physical exam at age 3 y 8 m, weight was 16.7 kg (70%), height was 99 cm (40%) and head circumference was 55.5 cm (+2.9 S.D.).  Macrocephaly, hypertelorism and a slightly high arched palate were noted.  The family history was significant only for an autism spectrum disorder in the patient’s identical twin.  Twin B had an OFC of 53 cm (84%), a weight of 15 kg (25%) and height of 97 cm (15%).  He also exhibited similar facial features to his brother.  Chromosomal analysis, fragile X testing and lead levels on both twins were normal.  However, the E157G mutation in exon 5 of PTEN was identified in both patients.  Parental testing was recommended, and neither parent carried the mutation. 

Patient 3, a Caucasian male, was referred for evaluation of macrocephaly and autism at age 6 y 8 m.  He was born at 37 weeks gestation to a G5P0A4 female after an uncomplicated pregnancy, weighing 3.27 kg (55%).  His birth length and OFC were unknown, however, clinical notes suggest that he was always noted to have a “large head.” A CT of the brain was reportedly performed at 9 months of age; the CT and subsequent brain MRI were both normal.  Parental concerns arose around the age of 2 years, when the patient was not walking independently and had no intelligible speech.  At age 6 years, following a comprehensive evaluation by a psychologist and developmental pediatrician, a diagnosis of autism was made based on DSM-IV criteria and the Autism Diagnostic Observation Scale (ADOS).  His full IQ was assessed at 77 (6th percentile).  On physical exam at 6 y 8 m, the patient’s weight was 19.5 kg (20%), height was 118.2 (50%), and head circumference was 57.5 cm (+3.9 S.D.).  Dysmorphic features, including macrocephaly, an elongated face, prominent nose, and long philtrum with a thin upper lip were noted.  No mucocutaneous lesions were observed.  The family history was significant for a thyroid cyst and partial thyroidectomy at age 20 in the patient’s mother.  She also reported a history of recurrent miscarriages. Chromosomes, fragile X testing and PTEN sequencing were performed, revealing a L139X mutation in exon 5.  Parental testing was performed and the father was found to carry the same mutation. He was apparently asymptomatic and had only a history of high cholesterol.  His 3 siblings were also in good health, as were their children, with the exception of one male child reported to have a “bone overgrowth in his face.”  In addition, the paternal great-grandmother reportedly developed uterine cancer in her 50s.  

Patient 5, a Caucasian male, was referred for evaluation of PDD-NOS at the age of 6 y 11 m.  He was a 4.45 kg, 53.3 cm product of a full-term, uncomplicated gestation to a G1P0 female.  There was a nuchal cord by report, and he appeared cyanotic at birth resulting in a “low” initial Apgar score.  However, he reportedly had an Apgar of 9 at 5 minutes and was discharged with his mother.  In infancy, he was diagnosed with trachomalacia that did not require any treatment.  Before the age of 3, he had frequent ear infections and was diagnosed with eczema.  Although his gross motor milestones and speech developed normally, socially, he was described as a “loner” and exhibited some repetitive behaviors.  At 3 years of age, assessment by a certified psychologist and developmental pediatrician resulted in a diagnosis of pervasive developmental delay not otherwise specified (PDD-NOS).  At that time, his full scale IQ on the Wexler Preschool Scales of Intelligence Revised was 61 and on the Leiter International Performance Scale he received a brief IQ standard score of 68.  The Gilliam Autism Rating Scale (GARS) suggested an average probability of autism, (autism quotient of 90).  On physical exam at 6 y 11 m, his weight was 26 kg (80%), height was 126.3 (85%), and head circumference 58 cm (+4.2 S.D.).  Several tiny, pinpoint nevi were noted on the right chest (1), left shoulder (1) and back (2).  There was a small rough hypopigmented lesion behind the left knee that did not fluoresce under Wood’s lamp.  Dolichocephaly, macrocephaly, bilateral epicanthal folds with almond shaped eyes and mild hypertelorism were noted.  There was midface hypoplasia and a long face.  The parents and 2 year old brother of the patient were also briefly examined.  His brother had a somewhat similar facial appearance with almond shaped eyes and mild epicanthal folds.  The father had a history of hypothyroidism and a head circumference of 58.5 cm.  He had a dolicocephalic head shape with long facies and down-slanting palpebral fissures.  He also had multiple moles and nevi on his body, including one on his face.  One of the father’s sisters was diagnosed with breast cancer at age 44 and the paternal grandfather died at 76 of melanoma.  The mother was not dysmorphic, but had a history of anxiety.  She had one brother with mild mental retardation. Chromosome testing, fragile X, a targeted chromosomal microarray, plasma amino acids, urine organic acids, plasma homocysteine, and plasma uric acid were within normal limits. PTEN sequencing revealed a single base substitution in intron 6 (IVS6-3C>G) which occurred one base pair from the consensus acceptor site.  Parental testing was done and neither parent was found to carry the mutation.  
Patient 6, an African American female, was referred to Pediatric Neurology at the age of 2 y 3 m for evaluation of developmental delay, oral motor and speech delay, and macrocephaly.  She was the product of a full term gestation and weighed 2.93 kg at birth (length and OFC were not available).  She was adopted and minimal information was available on her birth parents.  It was reported that her biological mother had placenta previa and a “clotting problem” during her pregnancy.  There were no other reported exposures.  On review of systems at her Neurology appointment, it was noted that she had a history of bilateral hernia repair at one month of age, mild GE reflux, and benign macrocrania diagnosed at age 2 after having a normal CT scan.  She did not walk until 18-20 months of age.  She started babbling at 20 months, but her speech did not progress.  Her adoptive mother also noted that she did not make eye contact or seem to recognize her until 18 months of age.  At 2 y 3 m, she weighed 13.7 kg (75%), was 88 cm in height (50%), and had an OFC of 54.5 cm (+5.0 S.D.).  She had a large café au lait spot on her left lower chest and upper abdomen. It was reported that the patient’s biological brother had speech delay and the biological mother was suspected as having depression or bipolar disorder.  Chromosomes, targeted microarray and PTEN gene sequencing was performed.  She was found to have a single base substitution, G44D, in codon 44 of exon 2 in the PTEN gene. Parental testing could not be performed.  

Patient 7, a Caucasian male, was referred to Genetics at the age of 9 months for evaluation of macrocephaly and developmental delay.  He had been placed in foster care.  By report, he was born at full term following an uncomplicated pregnancy to a G3P2 female.  He weighed 3.8 kg, and was 50.8 cm in length; his OFC was unknown.  He was noted to have torticollis at birth.  In the newborn period, he had an MRI for macrocephaly, which was normal.  He was hospitalized at 6 months of age for dehydration following gastroenteritis. He achieved gross motor milestones on time.  At the time of Genetics evaluation, he weighed 9.6 kg (60%), had a height of 74 cm (80%), and a head circumference of 50.8 cm (+4.4 S.D.).   He was noted to have macrocephaly and frontal bossing.  His family history was remarkable for familial macrocephaly, including a maternal female half sibling, age 2, with a large head size (by report) and the biological mother who was reported to have a large head, mild mental retardation, epilepsy and hand tremors.  The maternal grandmother also had a large head, frontal bossing, and tremors.  A maternal aunt had tremors since the age of 26 years.  There was no paternal history available.  Chromosome analysis, fragile X testing, genomic microarray (Spectral Constitutional CHIP) and PTEN gene sequencing was ordered.  The patient was found to have a missense mutation, resulting in the substitution of an arginine for histidine at codon 173 in exon 6 (R173H).  The biological mother was found to carry this mutation.  

Patient 8, a Caucasian male, was evaluated in Genetics clinic at the age of 20 months.  He was referred for evaluation of macrocephaly, developmental delay and café au lait spots.  He was the product of a full term, uncomplicated pregnancy to a G2P1 female.  A large head size was noted on mid-trimester prenatal ultrasound.  He was delivered by repeat Cesarean section and weighed 2.25 kg and was 50.8 cm in length; his OFC was unavailable.  Due to concerns about his head size, an MRI was performed at 2 weeks of age and showed normal brain parenchyma and mild ventriculomegaly without aqueductal stenosis.  He had no major medical problems, but concerns arose when he was not crawling or walking (by 20 months) and exhibited speech delays (noted to have 4-5 words at 20 m).  His fine motor skills were noted to be more developed than his gross motor skills.  On physical exam at 20 months, his weight was 12 kg (50%), height was 83 cm (50%) and head circumference was 57 cm (+6.5 S.D.).  He was noted to have a glabellar hemangioma and another hemangioma at nape of neck.  He had macrocephaly and posterior angulation of the ears.  He had significant hyperflexibility in the proximal and distal joints.  His right calf was noted to be smaller than the left.  A transverse crease over his left patella was noted. He also had three, 1 cm in diameter café au lait spots on his back, right chest and knee respectively in addition to an axillary café au lait spot.  Family history was significant for a brother who was said to have slightly large head at birth, which was never formally evaluated.  The maternal head size was 54.5 cm, and the paternal head circumference was 57 cm.  A paternal uncle was diagnosed with mental illness at age 36.  The paternal family history was otherwise significant only for heart disease.  Chromosomes, genomic microarray (Signature CHIP V. 4.0), PTEN and NF1 gene sequencing were recommended.  A missense mutation was found at codon 202 in exon 6 of the PTEN gene (T202I).  Parental testing was performed and was normal.

Patient 9, a Caucasian female, was referred to Genetics Clinic at 8 y 3 m for evaluation of macrocephaly, developmental delay and obesity.  She was the product of a 35-week gestation to a G8P7 female.  The pregnancy was complicated by maternal gestational diabetes and hypertension.  At birth, she weighed 2.64 kg (65%) and was 48.3 cm (75%) in length. She was hospitalized in the NICU for 8 days after her birth, requiring respiratory support for 3 days as well as parenteral nutrition. No other medical problems were reported.  Although clinical records suggest that the child had a history of general developmental delay, details were not available.  On physical exam at 8 y 3 m, she weighed 44.1 kg (>98%), her height was 126 cm (50%) and her OFC was 59.2 (+5.6 S.D.).  She was noted to have macrocephaly, frontal bossing, small hands and feet, deep set nails, and verrucous-like lesions on her left arm between her elbow and shoulder.  Her family history was not significant for learning disability, mental retardation, spontaneous abortions, or congenital defects.  Chromosomes analysis, genomic microarray, Prader Willi/Anglemen methylation studies, plasma amino acids, urine organic acids, LKB1 and PTEN gene sequencing was performed.  A single base substitution (635-1G>A) was identified in intron 6, resulting in an alteration of a splice acceptor site.  Parental testing was recommended but not performed.

Patient 10, a Caucasian male, was referred to Genetics Outreach clinic at 8 years 6 months after a nonsense mutation in PTEN (R233X) was identified. He had been previously evaluated by a developmental pediatrician for macrocephaly and speech delay. He was the full term product of an uncomplicated pregnancy to a G5P3A1 female.  His birth weight was 2.72 kg (15%) and he was 53.3 cm in length.  By report, he had not had major medical problems, however, the medical history was limited due to poor parental reporting.  Clinical records suggest that speech delays were noted, however, details were unavailable.  At the time of Genetics evaluation, the patient’s weight was 31.7 kg (80%), height was 135 cm (75%) and head circumference was 56.5 cm (+2.8 S.D.).  The family history was significant for a history of learning problems and macrocephaly in the patient’s mother and father (measurements not available).  The father reported a personal history of kidney cancer (type unknown) and two paternal uncles with a history of oat cell lung cancer.  The father was noted to have multiple facial freckles, increased reflexes and mild myopia.  Parental PTEN testing was recommended.  Paternal testing was normal and the mother had not yet had testing at the time of this writing.  

Patient 11, a Caucasian male, was referred to Genetics at the age of 9 months for evaluation of developmental delay and macrocephaly.  The patient was born at 29 weeks gestation to a G1P0 female, weighing 1.72 kg (98%) and measuring 15.75 cm (75%) in length.  The pregnancy was complicated by a maternal seizure disorder and polycystic ovarian syndrome.  Alcohol use was reported during the first trimester along with tobacco use (1/3 pack per day) throughout pregnancy.  The mother also reported paternal domestic abuse during pregnancy.  In the newborn period, the patient experienced apnea, GE reflux and eczema.  He was discharged from the neonatal intensive care unit after 7 weeks.  Clinical notes suggest the child had general developmental delay, however, details were not available.  Upon physical exam at 9 months of age, he was noted to be hypotonic, to have facial asymmetry and notched ears, with the right ear appearing larger than the left.  He weighed 9.7 kg (70%), had a height of 71 cm (50%) and had an OFC of 49.5 cm (+3.5 S.D.).  The family history was notable for learning disabilities in the mother as well as bipolar disorder and learning disability in the father.  Chromosome and PTEN gene sequencing was ordered.  A single base substitution in PTEN was identified 2 bases into intron 8 (IVS8-2 A>G).  Following this diagnosis, physical examination and genetic testing of the parents was performed.  The father had an OFC of 63.7 cm (>98%) and was noted to have a history of GI bleeding and freckles on the glans penis (by report). The father was confirmed to have the same PTEN mutation and was given a clinical diagnosis of BRRS.  Cancer surveillance was recommended.
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